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PREFACE. 


This  Work  is  designed  as  a  book  of  general  reference  for  Engineers: 
— ^to  give  within  a  moderate  compass  the  leading  rules  and  data, 
with  numerous  tables,  of  constant  use  in  calculations  and  estimates 

relating  to  Practical  Mechanics.  The  Author  has  endeavoured  to 
concentrate  the  results  of  the  latest  investigations  of  others  as  well 
as  his  own,  and  to  present  the  best  information,  with  perspicuity, 
conciseness,  and  scientific  accuracy. 

Amongst  the  new  and  original  features  of  this  Work,  the  follow- 
ing may  be  named: — 

In  the  section  on  Weights  and  Measures,  the  weight,  volume, 
and  relations  of  water  and  air  as  standards  of  measure^  are  concisely 
set  forth.  The  various  English  measures,  abstract  and  technical, 
are  given  in  full  detail,  with  tables  of  various  wire-gauges  in  use: 
and  equivalent  values  of  compound  units  of  weight,  power,  and 
measure — as,  for  example^  miles  per  hour  and  feet  per  second. 
The  French  Metric  Standards  are  defined,  according  to  the  latest 
determinations,  with  tables  of  metric  weights  and  measures,  equi- 
valents of  British  and  French  weights  and  measures,  and  a 
number  of  convenient  approximate  equivalents.  There  is,  in  addi- 
tion, a  full  table  of  equivalents  of  French  and  English  compound 
units  of  weight,  pressure,  time,  space,  and  money — as,  for  example, 
pounds  per  yard  and  kiiqgrammes  per  metre;  which  will  be  found 
of  great  utihty  for  the  reciprocal  conversion  of  English  and  French 

The  tables  of  the  Weight  of  bars,  tubes,  pipes,  cylinder^  plates^ 
sheets,  wires,  of  iron  and  other  metals^  have  been  calculated 
expressly  for  this  Work,  and  they  contain  seve^  new  features 
designed  to  add  to  their  usefulness.  They  are  accompanied  by  a 
summary  of  the  various  units  of  weight  of  wrought  iron,  cast  iron, 
and  steel,  with  plain  rules  for  the  weight. 

In  the  section  on  Heat  and  its  Applications,  the  received  mechan- 
ical theory  is  defined  and  illustrated  by  examples.  The  relations 
of  the  pressure,  volume,  and  temperature  of  air  and  other  gases, 
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with  their  specific  heat,  are  investigated  in  detail.  The  transmission 
of  heat  through  plates  and  pipes,  between  water  and  water,  steam 
and  air,  &c.,  for  purposes  of  heating  or  cooling,  is  verified  by  many 
experimental  data,  which  are  reduced  to  units  of  performance. 

The  physical  properties  of  steam  are  deduced  from  the  results 
of  Regnault's  experiments,  with  the  aid  of  the  mechanical  theory 
of  heat  A  veiy  full  table  of  the  Properties  of  Saturated  Steam  is 
given.  The  table  is,  for  the  most  part,  reproduced  from  the  article 
"  Steam,"  contributed  by  the  Author  to  the  Encyclopedia  Britanmca, 
8th  edition,  and  it  was  the  first  published  table  of  the  same  extent, 
in  the  English  language,  based  on  Regnaulfs  data.  An  original 
table  of  the  properties  of  saturated  mixtures  of  air  and  aqueous 
vapour  is  added. 

In  the  section  on  Combustion,  new  and  simple  formulas  and  data 
are  given  for  the  quantity  of  air  consumed  in  combustion,  and  of 
the  gaseous  products  of  combustion,  the  heat  evolved  by  combus- 
tion, the  heating  power  of  combustibles,  and  the  temperature  of 
combustion ;  with  several  tables. 

On  Coal  as  a  Fuel,  both  English  and  Foreign,  its  composition, 
with  the  results  of  many  series  of  experiments  on  its  combustion, 
are  collected  and  arranged.  Thequantityof  air  consumed  in  its  com- 
bustion, and  of  the  gaseous  products,  with  the  total  heat  generated, 
are  calculated  in  detail  Coke,  lii^nite,  asphalte,  wood,  charcoal, 
peat,  and  peat-charcoal,  are  similarly  treated ;  whilst  the  combus- 
tible properties  of  tan,  straw,  liquid-fuels,  and  coal-gas,  are  shortly 
treated. 

The  section  on  Strength  of  Materials  is  wholly  new.  The  great 
accumulation  of  experimental  data  has  been  explored,  and  the  most 
important  results  have  been  abstracted  and  tabulated.  The  results 
of  the  experiments  of  Mr.  David  Kirkaldy  occupy  the  greater  por- 
tion of  the  space,  since  he  has  contributed  more,  probably,  than  any 
other  experimentalist  to  our  knowledge  of  the  Strength  of  Materials. 
The  Author  has  investigated  afresh  the  theory  of  the  transverse 
strength  and  deflection  of  solid  beams,  and  has  deduced  a  new  and 
simple  series  of  formulas  from  these  investigations,  the  truth  of  which 
has  been  established  with  remarkable  force  by  the  evidence  of  experi-  . 
ment  These  investigations,  based  on  the  action  of  diagonal  stress, 
throw  light  upon  the  element  called  by  Mr.  W.  H.  Barlow,  "the 
resistance  of  flexure:"  revealing,  in  a  simple  manner,  the  nature 
of  that  hitherto  occult  entity;  and  showing  that  flexure  is  not  the 
cause,  but  the  ehect  of  the  resistance.    In  addition  to  formulas 
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for  beams  of  the  ordinary  form,  special  formulas  have  been 
deduced  for  the  transverse  strength  and  deflection  of  railway 
rails,  double-headed  or  flanged,  of  iron  or  steel;  in  the  estab- 
lishment of  which  he  has  availed  himself  of  the  important 
experimental  data  published  by  Mr.  R.  Price  Williams>  and  by 
Mr.  B.  Baker.  To  our  knowledge  of  the  strength  of  timber, 
Mr.  Thomas  Laslett  has  recently  made  important  additions,  and  the 
results  of  hb  experiments  have  been  somewhat  fully  abstracted  and 
analyzed  But  woods,  by  their  extremely  variable  nature,  are  not 
amenable,  like  wrought-iron  and  steel,  to  the  unconditional  applica- 
tion of  formulas  for  transverse  strength.  The  Author  has,  never- 
theless, deduced  from  the  evidence,  certain  formulas  for  the  trans- 
verse strength  and  deflection  of  woods,  with  tables  of  constants, 
which,  if  applied  with  intelligence  and  a  knowledge  of  the  uncer- 
tainties, cannot  fail  to  prove  of  utility. 

The  Torsional  Strength  of  Solid  Bodies  has  also  been  investigated 
afresh,  and  reduced  to  new  formulas. 

In  dealing  with  the  Strength  of  Elementary  Constructions,  the 
Author  has  brought  together  many  important  experimental  results. 
In  treating  of  rivet-joints  and  their  employment  in  steam-boilers, 
he  has,  he  believes,  clearly  developed  the  elements  of  their  strength 
and  their  weakness.  By  a  dose  comparison  of  the  results  of  tests  of 
cast-iron  flanged  beams,  it  is  plainly  shown  that  the  ultimate 
strength  of  a  cast-iron  beam  is  scarcely  affected  by  the  proportionate 
size  of  the  upper  flange,  and  that  the  lower  flange  and  the  web  are,  , 
practically,  the  only  elements  which  regulate  the  strength.  The 
tests  of  solid-rolled  and  rivetted  wrought-iron  joists  are  also  ana- 
lyzed ;  and  for  the  strength  and  deflection  of  these,  as  for  those  of 
cast-iron  flanged  beams,  new  and  simple  rules  and  formulas  are 
given.  A  new  investigation,  with  appropriate  formulas,  is  given 
for  the  bursting  strength  of  hollow  cylinders,  of  whatever  thickness. 
It  is  shown  that  the  variation  of  stress  throughout  the  thickness^ 
follows  a  diminishing  hyperbolic  ratio  from  the  inner  surface  to- 
wards the  outer  surface.  The  resistance  of  tubes  and  cylindrical 
flues  to  collapsing  pressure  is  also  investigated,  and  formulas  based 
on  the  results  of  experience  are  given. 

On  the  subject  of  Mill-gearing,  a  new  and  compact  table  of  the 
pitch,  number  of  teeth,  and  diameter  of  toothed  wheels  is  given, 
with  new  formulas  and  tables  for  the  strength  and  horse-power  of 
the  teeth  of  wheels,  and  for  the  weight  of  tootiicd  wheels.  New 
formulas  and  tables  are  given  for  the  driving  power  of  leather 
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bdts^  and  the  imgfat  of  cast-iion  pulleys.  For  the  strengdi  of 
Shafttiig,-^--cast-iroii,  wrought-iroo*  and  steel, — a  new  and  complete 
series  of  formulks  has  been  constructed,  comprising  its  resistance 

to  transverse  deflection  and  to  torsion,  with  very  full  tables  of  the 
weight,  strength,  power,  and  span  of  shafting. 

The  Evaporative  Performance  of  Steam-boilers  is  exhaustively 
Investigated  with  respect  to  the  proportions  of  fuel,  water,  grate- 
area,  and  heating-surface,  and  the  relations  of  these  quantities  are 
reduced  to  simple  formulas  ibr  different  types  of  boilers.  The 
actual  evaporative  performances  of  boilers  are  abstracted  in  tabular 
form. 

The  Performance  of  Steam  worked  expansively,  in  single  and  in 
compound  cylinders,  is  exhaustivclyanalyscd  by  the  aid  of  diagrams; 
the  similarity  and  the  dissimilarity  of  its  action  in  the  Woolf-engine 
and  the  Receiver-engine,  are  investigated;  and  the  principles  of 
calculation  to  be  applied  respectively  to  these,  the  leading  classes 
of  compound  engines^  are  explained.  The  best  working  ratios  of 
expansion  are  deduced  from  the  results  of  numerous  experiments 
and  observations  on  the  performance  of  steam-engines. 

The  principles  of  Air-compressing  Machines,  and  Compressed-air 
Engines  are  investigated,  aiid  convenient  formulas  and  tables  for 
use  are  deduced. 

The  whole  of  the  materials  for  the  preparation  of  this  work  have 
^  been  drawn  from  the  best  available  sources,  foreign  as  well  as 
English.  Vast  stores  of  the  results  of  experience  are  accumulated 
in  the  Pfvcesdi^gs  the  ImstUutim  cf  Civil  Engineers^  the 
ProuMngs  9/  the  Institution  of  Moc&amad  Engwoers,  and  other 
journals.  From  these  and  o^er  sources,  the  Author  has  drawn 
much  of  his  material. 

D.  K.  CLARK. 

8  Buckingham  Street.  Adelphi, 

London,  aoAfc  Marck,  1877. 


NOTE  ON  THE  l  OURTH  EDlTIOxN. 

I  have  thoroughly  revised  this  book,  and,  besides  oorrectii^  it 
up  to  date,  I  have  introduced  much  new  matter,  which  will  render 
this  edition  even  more  valuable  than  the  last 

D.  K.  CLARK. 

ybnuofy,  1889. 


Digitizea  L7  GoOglc 


G.  miTE  &  COMPANY 


CONTENTS. 


CFOMETRTCAL  PROBLEMS. 

PACE 


Straight  Lines — Straight  Lines  and  Circles— Circles  and  Rectilineal  F4jures — The 
Ellipse— The  Parabola— The  Hyperbola— The  Cycloid  and  Epicycloid — 
The  Catenary— Circles— Plane  Trigonometry— Mensuration  of  Surfaces — 
Solids — Heights  and  Distances,  1 

MATH  KM  ATT  CAL  TABLES. 

Explanation  of  the  following  Tables ; —   3^ 

Logarithms  of  Numbers  from  I  to  10,000,  3^ 

Hyp<^Tl)olic  Logarithms  of  Numbers  from  i.oi  to  30,        .       .        .        .  .60 

Numbers  or  Diameters  of  Circles,  Circumferences,  Areas,  Squares,  Cubes, 

Square  Roots,  and  Cube  Roots,      .       .       .       .       .       .       ■  ^66 

Circles.' — Diameter,  Circumference,  Area,  and  Side  of  Equal  Square,       .       .  87 

Lengths  of  Circular  Arcs  from  i"  to  180°,  95'  97 

Areas  of  Circular  Sc^^mcnts,    .....«..«.  ICQ 

Sines,  Cosines,  Tangents,  Cotangents,  Secants,  and  Cosecants  of  Angles, .       .  103 
Logarithmic  Sines,  Cosines,  Tangents,  and  Cotanp^ents  of  Angles,    .       .  .lie 
Rhumbs,  or  Points  of  the  Compass,  .       .       .       .       .       .       .       .  .117 

Reciprocals  of  Numbers  from  i  to  1000,  ll8 

WEK^HTS  AND  MEASURES. 

Water  as  a  Standard— Weight  and  Volume  of  pure  Water— The  Gallon  and  other 
Mea>URv-.  of  Water  -  l"rt->sure  of  Water— Sca-watcr — Ice  and  Snow  — 1- rcticH 
and  English  Measures  of  Water,  

Air  as  a  Standard  —Pressure  of  the  Atmosphere— Measures  of  Atmospberic  Pres- 

sure — Weight  of  Air — Vohuuc — Spcadc  Heat,   ......  I27 

Great  Britain  and  Irei^nd — Tmperial  Weights  and  Measures,  .  .  .  128 
Measures  of  Leiigtli :— Lineal    Land — Nautical- -Ck)th,   .....  I29 

Wire-gauges,  130 

Inches  and  their  Egnivnlgnt  Decimal  Values  in  parts  of  a  Foot — Fractional  Parts 

of  an  Inch,  and  their  Decimal  Kquivalents,       .....     ~  135 

Measures  of  Surface  : — Superficial    Guilders'  Measurement — Land,   .    136 

Measures  of  \'olume  :  Solid  or  Cubic— Builders'  Measurement,  .  ■  .  137 
Table  of  Decimal  Parts  of  a  Square  Foot  in  Square  Inches,  .  .  .  .138 
Measures  of  Capacity :— Lic^uid— Dry— Dofinition  of  tlu  Standard  Bu'^hel — Coal 

— -Old  Wine  and  Spint — Old  Ale  and  Beer — Apotliecancs  l  lmd,  .  138 
Measures  of  Weight:  —  Avoirdupois — Troy — Diamond  —  Apothecaries' — Old 

Apothecaries'— Weights  of  Current  Coins — Coal — Wool — Hay  and  Straw 

— Com  and  Flour,  ...........  140 

Miscellaneous  Tables : — Drawing  Papers — Commercial  Numbers — .Stationery — 

Measures  relating  to   Building — Commercial   Measures — Measures  for 

Ships,  143 

Comparison  of  English  Compound  Units : — Measures  of  Velocity — Of  Volume 

and  Time — Of  Pressure  and  Weight — Of  Weight  and  Volume— Of  Power,  144 


X  CONTENTS. 

« 

PAGE 

France — The  Metric  Standards  of  Weights  and  Measures — Metre—  Kilogramme,  .  146 

Countries  where  the  system  is  legalized,   .       .       .       .       ♦       .       ,       .  146 

Measures  of  Length,   147 

Wire-gauges,  .......       ......  148 

^Iea■sures  of  Surface,  ........  149 

Measures  of  Volume : — Cubic — Wood.     ........  149 

Measures  of  C  apacity  : — Liquid — Dry,      ........  149 

Measures  of  Weight,        ..........       .  150 

Eqi  IVALK.STS  of  British  Imperial  and  French  Metric  Weights  and  Measures,        .  150 
Measures  of  Length — Tables  of  L(}uivalcnt  N'alues  of  Millimetres  and  Inches — • 
Square  Measures  or  Measures  ot  Surface — C  ubic  Measures — Wood  MeiT 

sure — Measures  of  Capacity — Measures  of  Weight,  .        '.        '.       '.       .  I  go 

Approximate  Equivalents  of  English  and  French  Measures,   .  .       .       .  156 

Equivalents  of  French  and  English  C"oni{  ound  I'liits  of  Measurement: — Weight, 
rressure,  and  Measure — Voiume,  Area,  and  Length — W  ork — Heat — iSpeed — 

Money,   '.       .       '.       i  .       T  iS7 

German  Empire:  Weights  and  Measures: — Length — Surface — Capacity — Weight,  ifio 

Values  of  the  German  Fuss  or  Foot  in  the  various  States,   161 

Old  Weights  and  Measures  in  Prussia  (Kingdom  of) — Bavaria  (Kingdom  of) — 

Wurtemberg  (Kingdom  of  )— Saxony  (Kingdom  o< )— Baden  ((/rand-duchy  of) 
^llanse  T^^>m''> :  —  Hamburg  —■  Bremen — Lubec — Old   German  Customs 

Union — Oldenburg — Hanover,  &c,  T  l6l 

Austrian  Empire,   170 

Russia,   171 

Holland — Belgium — Norway  and  Denmark — Sweden   173 

Switzerland — Spain — Portugal— Italy,  ,       .       .  17;^ 

Turkey — Greece  and  Ionian  Islands — Malta,  .......       .  178 

Egypt — Morocco — Tunis — Arabia — Cape  of  Good  Hof>€,  ....  179 

huiian  Empire — Bengal — Madras — Bombay — Ceylon,   iSq 

l^urmah  —  China — C  Ocliin-China — Persia— Japan — Java,         .....  1 83 

United  States  of  North  America,  .       .      *.   186 

British  North  America,    187 

Mexico — Central  America  and  West  Indies— West  Indies  (British) — Cuba — Guate- 

mala  and  Honduras — British  Honduras— Costa  Rica — St.  Domingo,    .  187 
South  America — Colombia — Venezuela—  Ecuador — Guiana — Brazil— Pern — Chili — 

Bolivia — Argentine  Confe<ieration — Uruguay — Paraguay,     .       .       .       .  188 

Australasia: — New  South  Wales — Queensland — Victoria — New  Zealand,  &c.,  189 

MONEY— BRITISH  AND  FOREIGN. 

Great  Britain  and  Ireland : — Value,  Material,  and  Weight  of  Coins — Mint  Price  of 

Standard  (jokl,  &c..  ..........  190 

France: — Material  and  Weight  of  French  Coins,  and  Value  in  Elnglish  Money,      .  190 

German  Empire : — Names  and  Equivalent  Values  of  Coins,   .       .       .       .       .  191 

North  and  South  Germany  (C)ld  Currency  of),  .  .       .  191 

Hanse  Towns  (Old  Monetary  System  of): — Hamburg,  Bremen,  Lubec, .       .       .  191 

Austria — Russia — Holland — Belgium — Denmark — Sweden — Norway,    .  192 

Switzerland — Spain — Portugal — Italy — Turkey — Greece  and  Ionian  Islands — Malta,  193 

Egypt — Morocco — Tunis — Arabia — Cape  of  Good  Hope,   194 

Indian  Empire — China — Cochin-China — Persia — Japan — Java,     ....  195 

United  States  of  North  America,   135 

Canada — British  North  America,  ..........  196 

Mexico— West  Indies  (British)  —  Cuba — Guatenuila — Honduras  —  Costa  Rica — 

St.  Domingo,     .       .       .       ,       i       i       ',  '.      ~  ~  156 


i  hy  Google 


CONTENTS.  id 

PACK 

South  America — Colombia — Venezuela — Ecuador — Guiana — Brazil — Peru — Chili 

— Bolivia — Argentine  Confederation — Uruguay— Paraguay,        ,       .       .  196 

Australasia,   197 

WRIGHT  AND  SPECIFIC  GRAVITY. 

Standard  Bodies  and  Temperatures  for  Comparative  Weight — Rules  for  Specific 

Gravity,   198 

General  Comparison  of  the  Weights  of  Bodies,    199 

Tables  of  the  Volume,  Weight,  and  Specific  Gravity  of  Metallic  Alloys — Metals — 

Stones.      .............  aoo 

Coal— Peat— Woods— Wood-Charcoal  '     .       .       .  206 

Animal  Substances — Vegetable  Substances,   212 

Weight  and  Volume  of  various  Substances,  by  Tredgold,   213 

Weight  and  yolume  of  Goods  carried  over  the  Bombay,  Baroda,  and  Central 

Indian  Railway,        .       .        .       .       .       .       .       .       .       .        .  213 

Weight  and  Specific  Gravity  of  Liquids,       .       .       .       .       .       .       .  -215 

Weight  and  Specific  Gravity  of  Gases  and  Vapours,   216 


WEIGHT  OF  IRON  AND  OTHER  METALS. 

Data  for  Wrought  Iron— for  Steel — for  Cast  Iron,   217 

Tables  of  Weights; — Weights  of  given  Volumes  of  Metals— Volumes  ofgiven  Weights 
of  Metals— W' eight  of  One  Square  hoot  of  Metals — Weight  of  Metals  of  a 
given  Sectional  Area,  .   .       .     ~  2l8 

Special  Tables  for  the  Weight  of  Wrought  Iron: — 

Rules  for  the  Weight  of  Wrought  Irun — Cast  Iron — and  Steel,   .  223 

Role  for  the  Length  of  i  cwt.  of  Wire  of  different  Metals,  of  a  given  thickness,  224 

Weight  of  French  Galvanized  Iron  Wire,  22S 

Special  Tables  of  the  Wjeight  of  Wrought-Iron  Bars,  Plates,  &c.  ;  Multipliers 
for  other  Metals; — Flat  Bar  Iron — Square  Iron — Round  Iron — .Angle  Iron 
and  Tec  Iron — Wrought-Iron  Plates— Sheet  Iron — Black  and  Cialvani/ed- 
Iron  Sheets— Hoop  Iron— Warrington  Iron  Wire— Wrought-Iron  Tubes, 
by  Internal  Diameter — Wrought-Iron  Tubes,  by  External  iJiameter,        .  226 

Weight  of  Cast  Iron,  Steel.  Copper,  Brass,  Tin,  Lead,  and  Zinc— Special  Tables:— 
Ca.>t-Iron  Cylinders,  by  Internal  I>iamcter — Cast-Iron  C  ylinders,  by  External 
Diameter — Volumes  and  Weight  of  Cast-Iron  Balls,  for  given  I)iameters; 
Multipliers  for  other  Metals— Diameter  of  Cast-Iron  Balls  for  given  Weights,  2S3 
Weight  of  Flat-Bar  Steel— Square  and  Round  Steel — Chisel  Steel,    .       .       .  259 

W'eight  of  One  Square  Foot  of  Sheet  Copper — Copj^er  Pipes  and  Cylinders,  by 
Internal  I>ianicter — Brass  l  ubes,  liy  Fxternal  Diameter — One  S(juarc  Foot 
of  Sheet  Brass.   .  26I 

Size  and  \\  eight  of  Tin  Plates— Weight  of  Tin  Pipes  and  Lead  Pipes— Dimen- 

sions  and  W'eight  of  Sheet  Zinc7     .       .       .       .       .       .       .       .  268 


FtlNDAMRNTAI.   MK(  HAMCAL  PRINCIPLFS. 

Forces  in  Equilibrium  :— Solid  Bodies — Fluid  Bodies,   271 

Motion; — Unifurm  Motion — Velocity — Accelerated  and  Retarded  Motion,  .       .  277 

Gravity  : — Relations  of  Height,  Velocity,  and  Time  of  Fall — Rules  and  Tables,  .  277 
AccF.i  F.RATF.n  AND  RETARDED  MoTlON  IN  Gknkral:— General  Rules— Descent 

on  Inclined  Planes,    ...........  282 

Mass,   287 

Mechanical  Centres  :— Centre  of  Gravity— Centre  of  Gyration — Radius  of 
Gyration— Moment  of  inertia— Centre  of  OsciUation--ll>e  Pendulum — 

Length  of  Seconds  Pendulum  —  Centre  of  Percussion,  ....        .  287 

CkwTRAL  Forces: — CentriiJetal  P'orce— Centrifugal  Force,   294 

.  ^  _  .  y  Google 


XU  CONTENTS. 

PAGE 

Mechanical  Elements;— The  Lever — The  Palley — The  Wheel  and  Axlg— 
The  Inclined  Plane — Identity  of  the  Inclined  Plane  aad  the  Lever — The 
Wedge — The  Screw,  .       .       .  296 

Work:— Ent^lish  and  French  Units  of  Work — Work  done  by  the  Mechanical  Ele- 

ments—  Uy  (»ravity — Work  accuniulalctl  in  Moving  Bu<iic-s — Work  done~5y 
Percussive  Force.   .  "^12 

HEAT. 

Thermometers:— Table  of  Eqnivalent  Degrees  by  Centigrade  and  Fahrenheit — 

Pyrometers,    .       .       .       .       .       «       .       .       .       ,       .     3*7*  9^7 

Movements  of  Heat: — Radiation — Conduction— Convection.  .  .  .  .  329 
The  Mechanical  Theory  of  Heat:— Mechanical  Equivalent  of  Heat— Joole's 

Equivalent  in  English  and  French  Units  •- lihist  rat  ions,       .       .       .       .  332 

EXPAN'-iK'N  nv  IIka  I :— Linear  and  C  ubical  Expansion,       .....  335 

Taljle  of  Linear  Expansion  of  Solids,      .......        .  336 

Elxpansion  of  Liquids,     ...........  338 

Expansion  of  Gases — The  Absolute  Zcro-p(>int — Table  of  the  Compression  of 

Gases  by  Pressure  under  a  Constant  Temperatxire,  342 

Relations  of  the  Pressure,  Volume,  and  Temperature  of  Air  and  other  Gases — 
(Jeneral  Rides — Special  Rules  for  Une  rounti  wei}^ht  of  a  (  las,  with  Table 
of  Coefficients — Table  of  the  Volume,  Density,  and  Pressure  of  Air  at 
various  Temperatures,    ..........  346 

Specific  Hkat:— Specific  Heat  of  Water,  with  Table — Specific  Tfcat  of  Air — 

Specihc  Heat  of  Solids — Specihc  Heat  ol  Liquids — S|)ccihc  Heat  ol  Gases,  .  352 

Fusibility  or  Melting  Points  of  Solids; — Table.  .      .      .  36^ 

•  3^ 

.  368 

.  .^70 

■  m 


Latent  Heat  of  Fusion  of  Solid  Bodies,  with  Rale  and  Table, 


Boii  iNo  Points  ok  Ltqi  ids, 


Latent  lL:at  and  T<ital  Heat  of  Evaporation  of  Lic|uids,  . 
Boiling  Points  of  Saturate<i  Vapours  under  various  Pressure^, 


Latent  Heat  and  Total  Heat  of  Evaporation  of  Liquids  under  One  Atmosjohere,  372 

Liquefaction  and  Solidification  of  Gases.   372 

Sources  of  Cold: — Siebe's  Ice-making  Machine — Carre's  Cooling  Apparatus— 

Eri^orihc  Mixtures,    .        .        .        .        .        .        .        ...  373 

STEAM. 

Physical  Pro[)erties  of  Steam,       .........       .  378 

Gaseous  Steam — Its  Expansion — Its  Total  Heat,   383 

Specific  Heat  of  .Steam — Specific  Density  of  Steam — Density  of  Gaseous  Steam,  384 

Properties  of  Saturated  Steam  from  32°  to  212°  F.,  .  .       .  386 

Properties  of  Saturated  Steam  for  Pressures  of  from  i  lb.  to  400  Iba..        .       .  387 

Comparative  Density  and  Volume  of  Air  and  Saturated  Steam,        .       .       .  391 

MIXTURE  OF  GASES  AND  VAPOURS. 

Respective  Pressures  of  Gas  and  Vapours  tn  Mixture,   392 

Hygrometry,   392 

Properties  of  Saturated  Mixtures  of  Air  and  Aqueous  Vapour,  with  Table,       .  394 

COMBUSTION. 

Combustible  Elements  of  Fuel — Process  of  Combustion,       .....  398 
Air  CoNsi'MED  in  the  CoMBUSTroN  of  Fi  els  :— Quantity  of  the  Gaseous  Pro- 
ducts of  the  Complete  Combustion  of  One  Pound  of  Fuel — Surplus  Air,      .  400 
Heat  Evolved  by  tfte  Combustion  of  Fuel.-— Heat  of  Combustion  of  Simple 

and  Compound  Bodies — Heating  Powers  of  Combustibles   402 

Temperature  of  Combustion,   407 


i  hy  Google 


CONTE5ITS.  xiii 
FTTRT.S. 

Fuels  or  Combustibles  generally  used,  409 

Coal: — Its  Varieties — Small   Coal:  —  Its   Utilization — Washing   Small  Coal — 

Deterioration  of  Coal  by  Exposure  to  Atmosphere  409 

British  Coals — Composition  of  Bituminous  Coals — Dr.  Richardson's  Analysis,       .  412 
Weight  and  Composition  of  British  and  Foreign  Coals,  by  Delab^che  and 

Playfair,   .        .        .        .        T  413 

Weight  and  Bulk  of  British  Coals,   416 

Hygroscopic  Water  in  British  Coals,   416 

Torbanehili  or  Boghead  Coal,  with  Table  of  its  Composition,  ....  417 

American  and  Foreign  Coals ; — Composition,  Weight  and  Bulk,  .  .  .  .  418 
French  Coals: — Utiliz-ation  of  the  Small  Coal— Compositioa  ot  French  Coals — 

Mean  Density,  Composition,  and  Heating  Power,       .       .       .       ,       .  420 

Indian  Coals : — Australian  and  Indian  Coals — Composition,  .  .       .  423 

CoMHl  siUiN  (-)l   CoAL: — Process  of  Combustion — (laseoiis  Products  of  the  Cuni- 

bustion  of  Coal — Surplus  Air — Total  Heat  of  Combustion  of  British  Coals,  .  426 

Coke  ;— Proportion  of  Coke  from  Coals— Anthracitic  Coke— Weight  and  Bulk  of 

Coke— Composition  of  Coke — Moisture  in  Coke — Heating  1  uwcr  of  Cuke,  .  4.^0 

Lignite  and  Asphalte; — Density,  Composition,  and  Heating  Power  of  Lignites 

and  Asphaltes,  .       .       ...       .       .       .      .       .       .       .  436 

Wood; — Moisture  in  Wood — Composition — Weight  and  Bulk  of  Wood,  with 
Table— Firewood— Quantity  of  Air  Chemically  Consumed  in  the  Complete 
Comhuslu-m  of  Wood  -( iast ous  Prndurts— Total  Ht^  nf  (lomlnistion — 
Temperature  of  Combustion,       ......  .  439 

Wood-Charcoal  ; — Yield  of  Charcoal — Com^xtsitioii,  with  Table  of  Comp<^)sition 
at  various  Temperatures — Carboni/ation  of  Wood  in  Stacks,  and  Yield  uf 
Chnrro.Tl  —  Manuiacture  of  Hrown  (  harroal — I  )istillation  of  Wo(k1 — Charbon 
de  Paris  (artificial  fuel) — Weight  and  Bulk  of  Wood-Charcoal  —  Absolute 
IJcnsity  of  Charcoal — Moisture  in  C  harcoal — Air  Consumed  in  the  Combus- 
tion of  Charcoal  -Gaseous  Products — Heat  of  Combustion.        ~.        '.        .  444 

Peat  ;---Nature  and  Composition— Condensed  Peat— Average  Composition — Pro- 

ducts  of  Distillation — Heating  Power  of  Irish  Peat,  7       ~,  '.       .  4j;2 

Peat-Charcoal  : — Composition  and  Heating  Power,   455 

Tan  : — Composition  and  Heating  Power,   455 

Straw; — Composition,       ...........  456 

LlQi  iD  Fi  KLs  :  —Petroleum,  Pctrolcum-Oils,  Schist  Uil,  and  Pine-wood  Oil;  their 

Composition  and  Heating  Power,       ........  4g6 

Coal-Gas  : — Composition  and  Heating  Power,   4^7 

APPT.TCATTONS  OF  HF.AT. 

Transmission  of  Heat  through  Solid  Bodies— from  Water  to  Water 
through  Solid  Platf^  and  Beds: — M.  Peclet's  Experiments— Mr.  James 
R.  Napier's  Experiments — Circumstances  which  affect  the  Ratio  of  Trans- 
mission— Mr.  Craddock's  Experiments,   4S9 

Heating  and  Evaporation  of  Liqitids  ky  Steam  through  Metallic 
Surfaces: — Experiments  by  Mr.  John  Graham,  by  M.  Clement,  by  M. 
Peclct,  by  MM.  Laurens  and  Thomas,  by  M.  Havrez,  by  Mr.  William 
Anderson,  by  Mr.  F.  J.  Bramwell — Table  of  Performance  of  Coiled  Pipes 
and  Boilers  in  Heating  and  Evaporating  Water  by  Steam,  with  Deductions,     46 1 

Cooling  of  Hot  Water  in  Pipes: — Qbserwitions  of  M.  Darcy — Experiments 

by  Tredgold — Deductions,  .  .        .  ~  469 

Cooling  "K  H«n  \y«»RT  on  Mktai.  Plates  in  Air; — Results  of  Experiments 

at  Trueman's  Brewery,       .......       .       '.       T  470 

CnnT  iNT.  OF  Hot  WnkT  rv  Cm  n  Watvr  in  MFTAi  i  ir  RRPPinFRATOPS'— 

Table  of  Results  of  Performance,  and  Deductions.  .       .  471 


L     ^  ud  by  Google 


xiv  COXTENTS. 

PACK. 

CONPF.NSATION  OF  Steam  IN  PiPKS  EXPOSED  TO  AlR:— Experiments  hv  Tred- 

goUl,  and  by  M.  Burnat,  on  iMpes  with  various  Coverings,  with  i'able —  i 
Experiments  by  Mr.  B.  G.  Nichol,  by  M.  Clement,  by  M.  Grouvelle — 
Condensation  of  Steam  in  a  Boiler  Exposed  in  Open  Air,   .       .       .     ~  472 

CONDRNSATION    OF  VaPOURS    IN    PlPES  OR   TtTRKS   BY  WaTKR:— M.  Audenet's 

Experiments  on  Steam — Mr.  B.  G.  Nichol's  Experiments — Condensation  of 
other  Vapuurb,  .       .       .       .       .       .       .       .       .       .       .  -475 

Warming  AND  Ventilation;— Allowance  of  Air  for  Ventilation,    .      .      .  477 
Vrntitj^tton  ok  Minks  hy  Ukaikd  Coh'mns  of  Air  — Fumarp-Vpntilation  1 
— Mr.  Mackworth's  Data,  479 

Cooling  Action  of  Window-Glass:— Mr.  Hood's  Data,       ....  480 
Heating  Rooms  by  Hot  Water: — Mr.  Hood's  Estimates — Total  Quantity  of 
Air  to  be  Warmed  per  Minute — Table  of  the  Length  of  4-inch  Pipe  required 
to  Warm  any  Buildmg — Boiler-power — French  Practice — Perkins  System,  .  481 

Heating  Rooms  by  Steam: — Length  of  4-inch  Pipe  required — French  Practice,  486 
Heating  by  Ordinary  Open  Eirks  and  Chimneys:— M.  ClaudePs  Data,  .  488 
Heating  by  Hot  Air  and  Stoves; — .Sylvester's  Cockle-Stove — French  Prac-  ' 

tice — House-Stoves  placed  in  the  Rooms  to  be  Warmed — House-Stoves 
placed  outside  the  Rooms  to  be  Warmed,    .......  488 

Hfatinc.  ok  W'ATRr  by  Stkam  in  Dirkct  Contact:— Mr.  D.  K,  Cl.irk's 

Experiments,      ............  490 

Evaporation  (Spontaneous)  in  Open  Air: — Dalton's  Experiments,  and  Deduc- 

tions — Rule  for  Spontaneous  Evaporation — Dr.  Pole's  Formula,  .       .       .  491 

Desiccation  by  Dry  W^arm  Air: — Design  of  a  Drying  Chamber— Results  of 
Experiments-  l)r)'ing-house  for  Calico — Drying/  Linen  and  Various  .Stuffs  — 
Drying  Stuffs  by  Contact  with  Heated  Metallic  Surfaces — Drying  Grain — 
Dr>'ing  Wood,   .       .       .       .       .       .        .       .       ...       .  493 

Heating  OF  Sqi.ids: — Cupola  Furnace — Plaster  Ovens— Metallurgical  Furnaces 

— i^]aj>t  I'  umaces,   .       .  497 

STRENGTH  OF  MATERIALS.  ' 

Definitions,   goo 

Work  of  Resistance  of  Material,   Soi 

Coefficient  of  Elasticity,   503 

Transverse  Strength  of  Homogeneous  Beams,   503 

Symmetrical  Solid  Beams: — Investigation  and  Generalized  Formula,      .      .  §03 
Formula  for  the  Transverse  .Strength  of  .Solid  Be.'ims  of  .Symmetrical  Section, 
without  Overhang,  and  Flant^cd  or  Hollow — For  Unsymmetrical  Flanged 

Beams— Neutral  Axis — Elastic  Strength,        .       .       .       .       .       .  509 

Forms  of  Beams  of  Uniform  Strength:— Semi-Bcams  Loaded  at  One  End 

—  Uniformly  Loaded,  517 

Forms  of  Beams  of  Uniform  Strength,  Supported  at  Both  Ends — Under  a  Con- 

centrated  Rolling  Load,  .       .  521 

Shearing  Stress  in  Bf.am.s  and  Plate-Girders,   525 

Deflection  of  Beams  and  Girders: — Investigation — Rectangular  Beams— 

Double-flanged — Uniform  Beams  Supported  .it  Three  or  more  Points,  .       .  527 

Torsional  Strength  of  Shafts: — Round— Hollow— Square— Detkction,     .  534 

Strength  of  Timbkr:— Results  of  Experiments,   537 

Transverse  Strength  of  Timber  of  Large  Scantling   54a 

Elastic  Strength  and  Deflection  of  Timber:— Experiments  by  MM  Chevandier 

and  Wertheim,  by  Mr.  I^slett,  by  Mr.  Kirkaldy,  by  >{r.  Barlow,   .       .  545 

Rules  for  the  Strength  and  Deflection  of  Timber,   S48 

Strength  of  Cast  Iron: — Tensile  Strength  and  Compressive  Strength — Results 

of  Kxpcriments,         .        .        ,       .        .        .       .       .       .       .        .  gg^ 

Shearing  Strength,  .«.«.■»....»  S6l 


-  .  y  Google 


CONTENTS.  XV 

PACK 

Transverse  Strength: — Results  of  Experiments — Test  Bars — Transverse  Deflection  

and  Elastic  Strength,  561 

Torsional  Strength,   565 

Strength  of  Wrought  Iron; — ^Tensile  Strength,  &c — Mr.  Kitkaldy's  Experi- 
ments,   567 

Experiments  of  the  Steel  Committee  of  Civil  Engineers,   579 

Hammered  Iron  Bars  (Swedish) — Krupp  and  Yorkshire  Plates— Prussian  Plates,  581 

Iron  Wire,      .............  586 

Shearing  and  Punching  Strength,    .........  587 

Transverse  Strength — Deflection  and  Elastic  Strength   588 

Torsional  Strength,    590 

Strength  of  Steel: — Mr.  Kirkaldy's  Early  Experiments— Hematite  Steel— 

Krupp  Steel,     .       .       .       .       .   593 

Experiments  of  the  Steel  Committee,      ........  596 

Experiments  at  II. M.  Gun  Factory,  Woolwich — Fagersta  Steel,  Mr.  Kirkaldy's 

Experiments,  m  seven  series,  .........  604 

Siemens- Steel  Plates  and  Tyres — Mr.  Kirkaldy's  Experiments, ....  612 

"Whitworth's  Fluid-compressed  Steel   614 

Sir  Joseph  Whitworth's  Mode  of  Expressing  the  Value  of  Steel,      .      .      .  615 

Chemoff's  Experiments  on  Steel,   616 

Steel  Wire   617 

Shearing  Strength  of  Steel,   617 

Transverse  Strength  and  Deflection,        .       .       .       .       .       .       .  .617 

Torsional  Strength,                                                                                  .  619 
Strength  Relatively  to  the  Proportion  of  Constituent  Carbon,   .        .        .  .621 

Resistance  of  Steel  and  Iron  to  Explosive  Force,      ......  622 

RKCArin  i.ATK^N  OF  Data  on  thk  Direct  Si  rkngth  of  Iron  and  Steel; — 
Tensile  and  Compressive  Strengtli  of  Cast  Iron,  Wrought  Iron,  and  Steel — 
Piagram  of  the  Relative  Elongation  of  Bars  of  Cast  Iron,  Wrought  Iron,  and 

Steel.       .      .      .                                                          .      T  623 

Working  Strength  of  Mai  erials— Factors  of  Safety;— Factors  of  Safety 

for  Cast  Iron,  Wrought  Iron,  Steel,  and  Timber — Load  on  Foundation^ 

Mason- work — Ropes— Dead  Load — Live  Load,  ......  625 

Tensilf-  Strength  of  Copper  and  other  Metals: — Tables  of  the  Strength 

of  Copper  and  its  Alloys:  Tin,  Lead,  Zinc,  Solder,    .       .       .       .       .  626 

Tensile  Strength  of  Wire  of  Various  Metals: — Tenacity  of  Metallic 

Wires  at  Various  Temperatures — W' ires  of  Various  Metals,         .       .       .  628 

Strength  of  Stone,  Bricks,  &c.  : — Table  of  the  Tensile  Strength  of  Sandstones 
and  (}rits.  Marbles,  Glass.  Mortar,  Plaster  of  Paris,  PortlancT  Cement,  Roman 
Cement,  (iranites,  Whinstone,  Limestone,  Slates,  Bricks,  Brickwork  in 

Cement — Adhesion  of  Bricks,    .........  629 


STRENGTH  OF  ELEMENTARY  CONSTRUCTIONS. 

Rivet-Joints:— In  Iron  Plates.   633 

In  Steel  Plates   640 

Pillars  or  Columns: — Compressive  Strength,   643 

Cast-Iron  Flanged  Beams: — Transverse  Strength   647 

Deflection  and  Elastic  Strength   652 

Wroi'ght-Tron  Flanged  Beams  or  Joists : — Solid  Wrcwght-iron  Jotets — 

Transverse  Strength  and  Deflection,    .       .       .       .       .       .       .       .  653 

Rivetted  Wrought-iron  Joists,   657 

Buckled  Iron  Plates.   660 


-  .  y  Google 


Xvi  CONTENTS. 

PACK 

Railway  Rails: — Transverse  Strength  of  Rails  of  Synunetrical  Section,    .  .661 

Rails  of  Unsyrametrical  Section,   665 

Deflection  of  Rails,   668 

Stkel  Springs: — Laminated  and  Helical,  .    671 

RdPKs; — Hemp  and  Wire,   673 

Chains,    677 

Lf.athf.r  Belting,   679 

Bolts  and  Nuts,   680 

Screwed  St  ay-Bolts  and  Flat  Surfaces.   685 

Hollow  Cylinders — Tubes.  Pipes.  Boilers.  &c.: — Resistance  to  Internal  or 

Bursting  Pressure — Transverse  Resistance,  .  ....  687 

Longitudinal  Resistance  to  Bursting  Pressure,  .  ....  692 

Wrought- iron  Tubes,   693 

Cast-iron  Pipe,   693 

Resistance  to  External  or  Collapsing  Pressure — Solid- drawn  Tubes — Large  Fhie 

Tubes — Lead  Pipes,  .       .       .       .       .       .       .       .       .       .7  694 

Fra.vied  Work — Cranes,  Girders,  Roofs,  &c.: — The  Triangle  the  Funda- 
mental Feature,   697 

Warren- Girder  Loaded  at  the  Middle,  and  at  an  Intermediate  Point — Uniformly 

Loaded — Rolling  Load,   699 

Parallel  Lattice-Girder.   7^8 

Parallel  Strut-Girder   .  708 

Roofs,   7»3 


WORK.  OR  LABOUR. 

Units  of  W^ork  or  Labour: — Horse-power — Mechanical  Equivalent  of  Heat 

— Labour  of  Men,  JiS 

Labour  of  Horses — Work  of  Animals  Carrying  Loads,  720 


FRICTION  OF  SOT.Tn  RODTFS. 

Laws  OF  Friction: — Friction  of  Journals — Friction  of  Flat  Surfaces,        .      .  722 

Friction  on  Rails: — M.  Poiree's  Experiments,   724 

Work  and  Horse- power  Absorbed  by  Friction: — Formulas,     .      ,      .  725 

MILL-GEARING. 

Toothed  Gear:— Pitch  of  the  Teeth  of  Wheels— Spur  Fly-wheels— Toothed 

Wheels  for  Millwork — Rules,   727 

Form  of  the  Teeth  of  Wheels,    731 

Proportions  of  the  Teeth  of  Wheels,       .......       .  734 

Transverse  .Strength  of  the  Teeth  of  Wheels — Working  Strength,  .  735 

I'.rcndth  of  the  Teeth  of  Wheels,    221 

Horse-power  Transmitted  by  Toothed  Wheels,   737 

Weight  of  Toothed  Wheels,   739 

Frictional  Wheel-Gearing.   741 

BF-i.T-Ptq.LFYS  AND  Bf.lts :— Tensile  Strength,   742 

Horse-power  Transmitted  by  Belts,  .........  743 

Adhesion  and  Power  of  Belts — Examples  of  very  wide  Belts,  ....  744 

India-rubber  Belling,   750 

Weight  of  Belt- Pulleys,   750 

Rope  Gearing: — Transmission  of  Power  by  Ropes  to  Great  Distances,       .       .  753 

Cotton  Ropes,   755 


.  ^  _  .  y  Google 


CONTENTS.  XVll 

PACB 

Shafting; — Transverse  Deflection  of  Shafts,   756 

Ultimate  Torsional  Strength  of  Round  Shafts,    758 

Torsional  Deflection  of  Round  Shafts,     ........  7^9 

Power  Transmitted  by  Shafting,   760 

Weight  of  Shafting,   761 

Strength  and  Horse-power  of  Round  Wrought  iron  Shafting,    ....  762 

Frictional  Resistance  of  Shafting,   763 

Ordinary  Data  for  the  Resi:>tance  of  Shafting,  .                                            .  763 

Journals  of  Shafts,   766 

EVAPORATIVE  PERFORMANCE  OF  STEAM-BOILERS. 

Normal  Standards,   768 

Heating  Power  of  Fuels:— Table  of  Heating  Power,   769 

Evaporative  Performance  op  Stationary  and  Marine  Steam  -  Boilers. 

WITH  Coal: — Surplus  Air  Admitted  to  the  Furnace,        »       «       .       .  770 

Eatperiments  on  the  Evaporative  Power  of  British  Coals,  by  Delabcche  and 

riayfair,         .   770 

Evaporative  Performance  of  Lancashire  Stationary  Boilers  at  Wigan — With 
Economizer  and  Without  Economizer—  Water-tubes — temperature  of 
the  Products  of  Combustion,  and  of  the  Feed-water — Trials  of  D.  K. 

Clark's  Steam-Induction  Apparatus — Of  Vicars'  Self-feeding  Fire-grate,   .  771 

Evaporative  Performance  of  South  Lancashire  and  Cheshire  Coals  in  a  Marine 

Boiler,  at  Wigan,  ~  781 

Trials  of  Newcastle  and  Welsh  Coals  in  the  Wigan  Marine  Boiler,  .  .  .  784 
Evaporative  Performance  of  Newcastle  Coals  in  a  Marine  Boiler,  at  Newcastle- 

on-Tyne,        ............  785 

Trials  of  Newcastle  and  Welsh  Coals  in  the  Marine  Boiler  at  Newcastle,  for  the 

Board  of  Admiralty,                                                   .       .       .       .  787 

Trials  of  Welsh  and  Newcastle  Coals  in  a  Marine  Boiler  at  Keyham  Factory,  .  790 

Evaporative  Performance  of  American  Coals  in  a  Stationary  Boiler, .  .  .  791 
Evaporative  Performance  of  an  Experimental  Marine  Boiler,  Navy  Yard,  New 

York,    .       .       .       .       .       .       .       .       ...       .       :  79S 

Evaporative  Performance  of  Stationary  Boilers  in  France,  .       .       .       .  796 

Evaporative  Performance  of  Locomotive  Boilers,     ......  798 

Evaporative  Performance  of  Portable- Engine  Boilers   801 

Relations  of  Grate-Arf.a  and  Heating  Si^rface  to  Evaporative  Per. 
FORMANCE: — Mr.  Graham's  Experiments — ^^l^xperiments  by  Messrs.  Woods 

and  Dewrance — Experimental  Ijcductions  of  M.  Paul  Havrez,    .       .       .  802 

Formulas  for  the  Relations  of  Grate-Area,  Heatinc;  Surface.  Water. 

AND  Fuel: — General  Equations,                                                           .  804 

Formulas  for  the  Experimental  Boilers,   807 

General  Formulas  for  Practical  Use,        ........  819 

Table  of  the  Equivalent  Weights  of  Best  Coal  and  Inferior  Fuels,    .       .       .  820 


stram.kngtnf^ 

Action  of  Steam  in  a  Single  Cylindrr:— The  Work  of  Steam  by  Expan. 

sion — Clearance — Formulas  for  the  Work  of  Steam — Initial  I'ressure  m  the 
Cylinder-  .\verage  Total  Pressure  in  the  Cylinder  A VLT.-ige  Kflective  Pres- 
sure— Period  of  Admission  and  the  Actual  Ratio  of  Expansion— Relative 
Performance  of  Eaual  Weights  of  Steam  Worked  Kxpansivciy — Proportional 
W.ork  Done  by  Admission  and  by  Expansion— Influence  nf  Clearance  in 
Reducing  the  Performance  of  Steam,  .       i       i  \       ]       ~  S22 

Table  of  Ratios  of  Exj^nnsion  of  Steam,  with  Relative  Periods  of  Admission. 

Pressures,  and  Total  Performance,  83S 

d 

J  Google 


Xviii  CONTENTS. 

PAr.R 

Total  Work  Done  by  One  Pound  of  Steam  Expanded  in  a  Cylinder,  838  I 
Consumption  of  Steam  Worked  Expansively  per  Horse-power  of  Net  Woric 

per  Hour,       .       .       »       .       .       .       .       .       .       .       ."7  84O  I 

Table  of  the  Work  Done  by  One  Pound  of  Steam  of  loo-lbs.  Pressure  per 

Square  Inch,  .       .       .       .       .       .       .       .       .       .       .       .  841 

Net  Cylinder-Capacity  Relative  to  the  Steam  Expanded  and  Work  Done  in 

One  Stroke,    .        .        .        .        .  T  843 

Table  of  ditto,                                                                                  .  844 

Compound  Steam-Engink: — Woolf  Engine — Receiver-Engine — Ideal  Diagrams, 

without  Clearance — Work  ot  Stearn  as  Affected  by  Intermediate  Expansion  I 

—Intermediate  Expansion — Work,  with  (.  learance — Comparative  \Vork  of 

Steam  in  the  Woolf  Engine  and  the  Receiver-Engine, .       .       .       .       .  849  1 

Formulas  and  Rules  for  Calculating  the  Expansion  and  the  Work  of  Steam,    .  869  | 

Compression  of  Steam  in  thk  Cvmnder.    .                    ....  878 

Practice  of  the  Expansive  Working  of  Steam: — Actual  Performance — 

Data — Deductions — Conclusions,   879 

FLOW  OF  ATR  AND  OTHER  GASRS.  ' 

Discharge  of  Air  through  Orifices — Anemometer,   891 

Outflow  of  Steam  through  an  Orifice,   893  i 

Flow  of  Air  through  Pipes  and  Other  Conduits,   894 

Resistance  of  Air  to  the  Motion  of  Flat -Surfaces,  ......       .  897 

Ascension  of  Air  by  Difference  of  Temperature,   897 

I 

WORK  OF  DRY  AIR  OR  OTHER  GAS.  CO^^PRESSED  OR 

EXI'AN'DKn. 

Work  at  Constant  TEifPERATURES;— Isothermal  Compression  or  Expansion,  899 

Work  in  a  Non-conducting  Cylinder.  Adiabatically.   .            .      .  901 

Efficiency  of  Compressed-Air  Engines   909  I 

Compression  and  Expansion  of  Moist  Air,   912  | 


AIR  MACHINERY. 

Machinery  for  Compressing  Air  and  for  Working  by  Compressed 
AlR: — Compression  of  Air  by  Water  at  Mont  Cenis  Tunnel  Works — By 
Direct-action  Steam-pumps — Compressed-air  Machinery  at  Powell  Duffryn 

Collieries,   915 

HoT-AiR  Engines:— Rider's — Belou's,   917 

Gas-Encines  : — Lenoir's— Otto  &  Langen's— Otto's — Clerk's,      ....  918 

Gaseous  Fuel  : — Wilson  Gas  Producer— Dowson  Generator  Gas,      .      .       .  922 

Fans  or  Ventilators  : — Common  Centrifugal  Fan — Mine- Ventilators,     .      .  924 

Blowing  Engines,   926 

Root's  Rotary  Pressure-Blowers,   927 

FLOW  OF  WATER. 

Flow  of  Water  through  Orifices  :-— Formulas — Mr.  Bateman's  Experi- 
ments,   929 

Mr.  Brownlee's  Experiments  with  a  Submerged  Nozzle,   931 

Flow  of  Water  Over  Waste-Boards,  Weirs,  &c.,   932 

Flow  of  Water  in  Channels,  Pipes,  and  Rivers,   932 

Cast-Iron  Water  Pipes,   934 

Cast-Iron  Gas  Pipes,   936 


Ly  ^  J  oogle 


CONTENTS. 


xix 


WATFR.WHFFTS. 

Wheels  on  a  Horizontal  Axis.-— Undershot-Wheels— Paddle.Wheeb— Breast. 

Wheels— Qvershot-Whecls,  937 

Whpeis   on   a    VFRTirAi.   AXIS!— Tiih  — Whitflaw's  Wflfer.mill  — Tiirhinps— 


Tangential  Wheels,  239 

MACHINES  FOR  RAISING  WATER. 

PUM  PS ;— Reciprocating  Pumps — Centrifugal  Pmnps — Chain  Pomp— Noria,  .    944,  968 

Water-works  Pumping  En^pnes,  .......  Q48 

Hydraulic  Rams,  949 


HYDRAULIC  MOTORS. 

Hydraulic  Press,   950 

Armstrong's  Hydraulic  Machines,   950 

FRICTIONAL  RESISTANCES. 

Steam  Engines   .  951 

Tools; — Shearing  Machines — Plate-bqiding  Machines — Ciryilar  Saws,        .       .  951 

Work  ol  Ordinary  Cutting  l  ools,  in  Metal,     .       .       .     ~       .       .       .  95a 

ScreW'Cutting  Machines — Wood-cuttin}^^  Machines — Grindstones,      .       .       .  954 

Colliery  Winding  Engines.   956 

Waggons  in  Coal  Pits.   956 

Machinery  of  Flax  Mills; — M.  Comut*s  Experiments,  .      ....  9^7 

Horse-power  Required,   .  .   959 

Machinery  of  Woollen  Mills;— Dr.  Hartig's  Experiments,  .      .      .      .  $59 

Machinery  for  the  Conveyance  of  Grain,   960 

Traction  on  Common  Roads; — M.  Dupuit's  Experiments — M.  Debauve's  De- 

ductions — M.  Tresca's  Experiments,   961 

Carts  and  Waggons  on  Roads  and  on  Fields,   962 

Resistance  on  Railways,   965 

Resistance  on  Street  Tramways,   966 

APPENDIX. 

Dr.  Siemens'  Water  Pyrometer,   967 

Atmospheric  Hammers,   967 

Bernays'  Centrifugal  Pumps,   968 

Steam-Vacuum  Pump,   969 

Index,   971 


.  ^  _  .  y  Google 


AUTHORITIES  CONSULTED  OR  QUOTED. 


A 

Amtriean,   Untied,  Railway  Master  Car- 

Buildtri  Association,  Standard  Sizes  of 

Bolts  and  Nuts  by.  683. 
American  Society  of  Civil  Engineers,  Journal 

of: — Mr.  J.  F.  Flagg,  on  Steam-vacuum 

Plunps,  969. 
Anderson,  Dr..  on  the  Sticnstb  of  Cast  Iron, 

Anderson,  William,  on  Heating  Water  b> 

Steam.  465.  466.  468 :  Translation  Chei^ 

noff's  Paper  on  Steel,  616. 
Annalts  des  Mines:— lA.  Krest.  on  the  Slip 

of  Belts,  74a. 
An  Hales  des  Pouts  et  Chaussies.'—yi.  HUn's 

Rope  Transmitter  of  Power.  754. 
Annaies  du  Ginie  Civile: — M.  F'aul  Havre?, 

on  Heating  Surface  of  Locomotives,  803. 
Amnals  of  Philosophy  : — Mr.  Donlop.  on  Tor- 
sional Strength  of  Cast  Iron.  565. 
A nnuairt-  </<•  f  .Association  des  Ini^^nieurs  sortis 

de  I'^cole  dc         .  — Kivetted  joints.  641. 
Armengaud,  French  Standard  Bolts  and 

Nuts,  by.  683. 
Armstrong,  SirWm.,on  Evaporative  Power 

of  Coals,  785;  his  Hydraulic  Machinoy, 

950- 

Arson.  Anemometer  by,  8q2. 

AA&sy  &  Co..  Work  of  Steam  in  Portable 

Engine  by,  883. 
Atidcnet,  on  Surfaoe-Condensers,  475. 

B 

Baker,  B..  on  the  Strength  of  Beams.  512; 
of  Oait.  544.  549:  of  Columns.  645,  646; 
of  Raits.  66a.  666. 

Barlow,  Peter,  on  Strength  of  Timber,  547; 
of  Cast  Iron.  561  ;  of  Wrought  Iron,  567, 
588,  590 ;  of  Iron  Wire,  586. 

Bariow,  W.  H..  on  the  "  Resistance  of  Flex- 
ure." 507. 

Bamaby.  Mr.,  on  Strength  of  Punched  Steel 
Plate,  643. 

Barrow  Hematite  Steel  Company.  Strength 

of  Steel  made  by,  594,  618,  6i«i.  620,  621. 
Bntcman,  J.  P.,  on  Flow  of  Water  tlirough 
Submerged  Openings,  930;  his  Cast-Iron 
Ptpes,  934. 


I  Raudiimon^  on  Strength  of  Metallic  Wires, 
6a8. 

Beatdmore.  on  the  Work  of  Horses,  790;  on 

Limits  of  Velocity  at  the  Bottom  of  a 

Channel,  934. 
Beaufoy.  Colonel,  on  Resistance  of  Air,  897. 
Bell,  J.  Lothian,  on  the  Heat  hi  Blast  Fui^ 

nact's,  4()8. 

Berkley,  Cieoige,  on  the  Strength  of  Cast- 
iron  Beams.  647-65a 
Berkley.  J.,  Specific  Gravity  of  Indian  Woods, 

by,  209. 

Bemays,  Joseph,  on  Centrifugal  Pumps.  968. 
Bcftiam,  W..  on  Rivetied  Jotats»  634-637. 
Borsig,   Herr,  *  Stro^th  of  Wrooght-Inm 

Plates,  586. 

Box,  Thomas,  on  the  Load  on  Journals,  766; 
TUdtness  of  Gas  Pfpca.  by.  936. 

Boyden.  Outflow  T<irhinf  by.  940. 

Bradford.  W.  A.,  on  Otto  and  Langen's  Gas- 
Engine,  934. 

Bmmwell.  F.  J.,  on  Heating  Wate  r  by  Steam, 
467,  468 ;  on  the  Strength  of  Cast  Iron, 
556 ;  on  Portable  Steam  Engines,  801.  883, 
886;  on  the  Bxpanshre  Woridi^  of  Steam, 
889. 

Brereton.  R.  P.,  on  Strength  of  Timber  Piles» 

646. 

Bi^gs.  Bhjwtaig  Ksgfoe  by,  907. 

Brit  I  •  h  A  'U'cidti'im .  7'r,insii<  f/ons  of: — F.  W. 

Shields,  on  Strength  of  Cast-iron  Columns, 

645- 

Brown  &  May,  Work  of  Steam  fai  Portable 

Engine  by,  882 
Brownlee,  J.,  on  Saturated  Steam,  382;  on 
the  Ontfloar  of  Steam,  893;  Flow  of  Water 

through  a  Submerged  Nozzle.  931. 
Bruce,  G.  B..  on  the  Work  of  a  Labourer, 

Bnmd.  on  Ae  Strei^h  of  Rivetted  Joints, 

638:  and  of  B<ilts  and  Nuts,  680. 
Buchanan.  W.  M..  on  Saturated  Steam,  379. 
Buckle,  W.,  on  Fans,  924. 
BoeL  R.  H.,  on  the  SKp  of  Belts,  74ft. 

Bulletin  de  la  Soci/t/  /ndusirielle  de  Mul- 
houst: — M.  Leloutre  on  Steam  Engines, 
886. 

Biiniat,  on  Condeaaadon  of  Slean  in  P^ms^ 
472.  474- 

Bury.  Wm..  on  Strength  of  Flat  Stayed  Sur- 
ftoea.  68& 

bz 


Digitized  by  Google 


xxii 


AUTHORITIES  CONSULTED  OR  QUOTED. 


C 

Cameron,  Dr.,  Analysis  of  Peat  by,  454. 

Chari^Marsaines,  on  Flemish  Horses,  964. 

Chenot  A'm6.  Atmospheric  Hammer  by,  967. 

Chemofl.  un  Steel.  616. 

Chevandier.  on  Composition  of  Wood,  440 ; 
on  its  Weight  and  Bulk,  44a,  443. 

Chevandier  &  Wertheim,  on  Strength  of  Tim- 
t>er.  538,  545.  546.  549- 

Clark.  D.  K.,  on  Properties  of  Saturated 
Steam.  387;  on  Locomotive  toilers,  798; 
on  the  Work  of  Steam.  879.  880,  884;  on 
ResisUinceon  Railway  b,</J5;  Tramways,  966. 

Clark,  Edwin,  on  the  Strength  of  Beams.  512; 
of  Rvd  Pine,  543,  544.  549;  of  C.ist  Iron, 
562 ;  of  Bar  Iron,  570,  588,  590,  623. 

Clark,  Latimer,  on  Wire  Gauges,  130. 

Qnudd,  on  FUels  and  Woods,  by,  207,  an, 
aia;  tints  of  Heaictl  Iron,  328;  on  Heating 
Factories.  486;  on  Heating  Rwms,  488, 
489;  on  Belts,  743.  746;  on  Blowing  En- 
gines, 997 ;  on  Pumps.  944. 

Clement,  on  Transmission  of  Heat,  462,  468; 
on  Condensation  of  Steam  m  Pipes,  474; 
on  Drying  Stuffs,  496 ;  on  the  Heat  to  Melt 
Iron,  497. 

Cochraiir,  J.,  on  Strength  of  Perforated  Bar 

Iron,  633. 

CodceriU,  John.  Blowing  Engines  by,  937. 

Colliery  Guardian: — Mr.  Mackworth  on  Ven- 
tilation of  Mines,  480. 

Conservatoire  des  Arts  et  Metiers,  Annales 
i/«r.''->Hot-Air  Ei^nes  by  Lauberean,  and 
by  Belou,  917-919;  Gas-Engines  by  Lenoir, 
920;  by  Hugon,  931;  by  Otto  &  Laogen, 
923- 

Cooper,  J.  H  ,  on  Very  Wide  Belts,  747,  749. 
Comet,  on  the  Woikof  a  Laboiuerin  Fmnce, 

72a 

Coraut.  E.  on  MiU-Sbafting,  766 ;  on  Machin- 
ery of  Flax-Mills,  957;  on  Flow  of  iUr  in 

Pipes.  896. 

Cotierill,  J.  H.,  on  Work  of  Compression  of 
Air.  903. 

CoMrper,      A.,  Compoimd  I*  '.ntrine  by,  889. 
CnKldock,   Thomas,  on  Cooling  throufi^ 

Pfates,  461. 
Crighton  &  Co..  on  Drying  Grain.  496. 

Crookewitt,  on  ^)ecific  Gravities  of  ADoys. 

aoo. 

Crossley.  F.  W..  on  Otto  &  Langen's  Gas- 
Engines,  923. 

Cubitt.  Mr.,  on  Strength  of  Cast-iron  Beams, 
649. 

D 

Daglish,  G.  H.,  on  Resistance  of  Colliery 

Winding  Engines,  956. 
Dalton.  Dr..  on  ''Spootaneoas"  EvapoiatioB 

of  Water,  491. 


'  Daniel,  W.,  on  Ventilation  of  Minei^  995. 
Danvers.  F.  C,  on  Coal  liconomy,  410. 
Daxcy,  on  Cooling  Hot  Water  in  Pipes,  4(>f> 
D'Anfaaisson,  on  Fkyw  of  Compressed  Air, 
896 :  on  Hydcanlic  Rams,  949. 

Davey,  Paxnian,  \  Co.,  Woric  of  Steam  in 

Portable  Engme  by,  883, 
Davies.  Thomas,  on  Strength  of  Kivetted 
Joists.  658. 

Da\-ison.  R.,  on  Resistance  of  Shafting. 
766;  Duly  of  Pumps  by.  944:  on  Resist- 
ance of  Grain  Machinery,  961. 

Day.  Summers,  &  Co.,  Worlt  of  Steam  in 

Marine  Engines  by,  882. 
Debauve,  on  Resistance  on  Common  Koads^ 
961. 

Delal>eche  &  Playfair.  on  British  and  Foftrign 

Coals,  206,  413,  416,  770. 
Despretz,  on  Conducting  Powers  of  Bodies, 
331- 

Deville.  Sainte-CIaire,   on   Composition  of 

Petroleum  and  other  Oils.  456,  457. 
Dewrance,  John,  on  the  Heating  Surface  of  a 

Locomotive,  803. 
Donkin.  Bryan.  &  Co.,  Work  of  Steam  in 

Stationary  Engines  by,  882. 
Downing,  on  Flow  of  Water  in  Pipes,  933. 

934- 

Dunlop,  on  Strength  of  Cast  Iron,  565. 
Dupuit,  on  Resistance  on  Common  Roads. 
961. 

Dune,  James,  on  Rope-Gearing,  753. 
Duvoir,  Ren4  Drying  House  by,  495. 

E 

Eastons  %.  Anderson,  on  Portable  Steam 
Engines,  801 ;  on  Rider's  Hot-Air  Engine. 

917 1  on  Resi>tance  of  Waggons,  962. 
Elder,  John,  A:  Co.,  on  the  Strength  of  Boilers, 
638, 693;  Work  of  Steam  in  Marine  Engine 
by.  88a. 

Emcrv,  on  American  Marine  Engines,  884. 

Engineer,  7'^.— Crighton  &  Co.  on  Drying 
Grain.  496 ;  Mr.  W.  S.  Hall  on  the  Strength 
of  Rivetted  J<rintai.  641 ;  Messrs.  Woods  & 
Dewrance  on  T-ocomotive  Boilers,  803;  Mr. 
C.  L.  Hett  on  Hydraulic  Rams.  949. 

£ii!gin€erii$g.'—<m  Heating  Water  by  Steam, 
464;  on  Cooling  Wort.  470,  471;  Mr.  B. 
(i.  Nichol  on  Surface  Condensation,  476; 
Mr.  G.  Graham  Smith  on  Strength  of 
Timber,  S44:  Factor  of  Safety  for  Wrought 
Iron,  by  Roebling,  62;  ;  Mr.  W.  S.  Hall 
on  the  Strength  of  Ri vetted  joints,  641 ; 
Mr.  John  Mason  on  Strength  of  Untanned 
Leather  Belts,  680;  Mr.  Phillips  on  Strength 
of  Flat  Plates,  686;  Mr.  Bury  on  the  Strength 
of  Flat  Stayed  Surfaces,  686 ;  Messrs.  John 
Elder  &  Co.  on  the  Strength  of  Boilers. 
^SB,  693 ;  Mr.  J.  Durie  on  Rope  Gearing. 


Digitizea  L7  GoOglc 


AUTHORITIES  CONSULTED  OK  QUOTED. 


XXlll 


7S3;  Dr.  Hartig  on  Resistanoe  of  Tools. 

951  ;  Resistance  nf  Waggons,  hy  MesiTB. 

Kastons  I'v  Anderson,  962. 
Bttgiish  Mechanic: — Mr.  W.  A.  Bnuiford  on 

Otto  &  Langen's  Gas-Engine^  934. 
Evnud,  A.,  00  the  Woric  of  Animals,  700^ 

F 

Fagersia  Stt-fl  Works,  Strength  of  Sted  made 
at,  604,  618,  619,  620,  621. 

Fairbaim,  Sir  William,  011  Hot-Blast  Iron, 
556;  on  the  Strength  of  Cast  Iron,  557;  00 
the  Strength  of  Wrought  Iron,  s^l'~f^^)'' 
of  Rivettcd  Joints,  633 ;  of  Screwed  Stay- 
Bolts  and  Flat  Stayed  Plates,  685 ;  on  the 
Prt^jxjt  tions  of  Spur  Wheels.  729,  734,  737; 
on  liie  Load  on  JuunuUs,  766.  767;  on 
Water  Wheels.  938. 

Faiitiaiin  ft  Tate,  on  the  Expansion  of  Steam, 
383. 

Fairweather.  James  C,  on  Resistanoe  of  Air, 
897. 

Fanday,  Dr.,  on  the  LiquefiKtiott  of  Gases, 
37a. 

Favre  &  Silbenmnnn,  on  the  Heating  Powers 

.of  Combustibles,  404. 
Fidd,JodiiiB,  00  the  Woric  of  Labourers,  719. 
Flncham,  on  Strength  of  Timber,  549^  543. 

549- 

J-  F->  oi»  Steam-vacuum  Pumps,  969. 
Fletcher,  L.  E.,  on  the  Strength  of  a  Boiler, 

638.  693;  his  Reports,  696;  his  Report  on 
Boiler  and  Smoke  Prevention  Trials,  771- 
784. 

Fowke,  Captain,  on  Colonial  Woods,  909. 
Fowler,  G..  on  Resistance  of  Waggons  in 

Coal  Pits,  956. 
Fowler.  John,  Strength  of  Sted  Rails  de- 

"'igni'd  by,  666,  670. 
Fowler.  J.,  &  Co.,  Compressed-air  Macliineiy 
by.  916- 

Fox ,  H  cad  ft  Ca,  on  Condensation  of  Steam 

in  Ji  Boiler.  475. 

Francis,  J.  B.,  on  a  Swain  I'urbine,  943. 

Franklin  Insiiiute.  Jommal  the  Shear- 
ing Resistance  ol  Bar  Iron,  by  Chief 
Engineer  W.  H.  Shock,  588;  Mr.  R.  H. 
Buel  on  Belts,  743;  Mr.  H.  K.  Towne  on 
Belts,  74a,  745;  Mr.  J.  H.  Cooper  on 
Behs,  747;  Mr.  S.  Weblx«r  on  Mill  Shaft- 
ing, 763,  764;  Mr.  Mmery  on  American 
Marine  Engines.  884;  Mr.  Briggs  on 
lowing  Engines,  927;  Mr.  J.  B.  Francis 
on  a  Swain  Turbine.  043 ;  Mr.  £.  D. 
L«eavitt  s  flumping  Engines,  948. 

G 

Gammelbo  &  Co.,  Hammered  Bars  made  by. 
Stieogth  of,  581. 


GaudiUot,  on  Heating  Apparatus,  486. 

Gay-l-iissac,  on  Cold  by  Kvaponition.  376. 
Glyim,  Mr.,  on  Strength  of  Hopes,  673 ;  on 

the  Work  of  a  Labotuer,  718. 
Good),  Sir  Daniel,  on  Consumption  of  Water 

by  the  "Great  Britain"  Locomotive.  884. 
Gordon,  L.  D.  B.,  on  Strength  of  Columns, 
645- 

Graham,  John,  on  Heating  Water,  461 ;  on 

Heating  Surface,  802. 
Grant,  on  Strength  of  C"ements.  &c.,  630. 
Greaves,  on  Pumping  Engines,  948. 
Grouvelle.  on  Condensation  of  Steam  in  Pipes, 

474;  on  Heatiqg  Factories,  486,  487. 

H 

Hackney,  W.,  on  Anthraciiic  Coke,  43a. 

Haines,  R.,  on  Indian  Coals,  403. 

Hall,  W.  S.,  on  the  Strength  of  Rivetted 

Joints,  6.} I. 

1  larcourt.  Vcmon,  on  Analysis  of  Coal-Gas, 
458. 

Harmegnies.  Dumont,  A  Ca,  on  French  Wire 

Ropes,  677. 

Hartig.  Dr..  on  Driving  Belts,  743;  on  Re- 
sistance of  Tools,  951 ;  on  Resistance  of 
Machinery  of  W(K)llen  Mills,  959. 

Havre/,  P..  on  Hejiting  Water  by  Steam, 
464,  468 ;  on  Heating  Surface  of  Loco- 
motives, 803. 

Hawksley,  Thomas,  on  Mow  of  Air  through 
Pipes,  894 ;  on  Velocity  of  Air  in  Up-cast 
Shaft,  897 ;  on  Flow  of  Water  in  Pipes, 
933 ;  on  Thickness  of  Water  Pipes,  935, 

Melt,  r.  I,.,  on  Hydraulic  Rams,  049. 

Hick,  John,  M.P.,  on  Friction  of  Lather 
Collars,  950. 

Hirn,  on  Work  of  Expanded  Steam  in  Sta- 
tionary Engines,  886. 

liodgkinson,  on  the  Strength  of  Cast  Iron. 

5S3-5SS  558.  559*  S^Sf  ^*  ^  Cohmms. 
643,  646;  of  Cast-iron  Flaoged  BearoSk 

647-650. 

HoltzapRel,  his  Wlre-GatigeSk  131.  132,  134. 
I  lood,  on  Warming  and  Ventilation,  477-485. 
liopkinson,  on  the  t^omuuioe of  a Coriiss 

Engine.  881. 
Hunt.  R.,  on  Cbroljustion  of  Coal,  770. 
Mutton,  Dr.,  Law  of  Resistance  of  Air  bjr. 


rnsHtuU  of  Ntarai  ArtkiUcts,  Transactions 
of  Mt-.  — Strength  of  Rivet  JofaMs  of  Steek 

Plates,  642. 

Institution  of  Civil  Engineers,  Proceedings 
of.'^yit.  Wm.  Anderson  on  Heating  Water 
by  Steam.  465;  M.  Bumat  on  Condensatkm 
of  StCcim  in  Piix«s.  472;  Dr.  Pole  on  Spon- 
taneous Evaporation,  493;  Regenerative 
Hot-Blast  Stoves,  556;  Mr.  Bnunwdl  00 


xxiv 


AUTHORITIES  CONSULTED  OR  QUOTED. 


Strength  of  Gut  Iron.  556;  Mr.  OnuM  on  | 

the  Strength  of  Cements.  &c.,  630;  Mr.  J.  ' 
Cochrane  on  the  btrenglh  of  launched  Bar 
Iron,  633;  Mr.  R.  Pimo  Williams  on 
Strength  of  Rails,  662;  Mr.  J.  T.  Smith 
on  the  Strength  of  licssemer  Steel  Rails, 
664;  Mr.  R.  Davison  on  Resistance  of 
Shafting,  766 ;  Evaporative  Performance  of 
Steam  Boilers  in  France,  796 ;  Composition  1 
of  (  '1  11-,  iind  Litjnites,  797;  M.  Paul  Havrez 
on  Heaitng  Surface  of  Lx>comotivcs.  803; 
Mr.  Emery  on  American  Marine  Engines, 
884;  Mr.  Hawksley  on  Flow  of  Air  through 
Pipes,  894;  and  on  Velocity  of  Air  m  Uf>- 
cast  Shaft,  897 ;  M.  Piccard  on  the  Woric 
of  Compressed  .Air.  gi  1 ;  Mr.  J.  B.  Francis' 
tri.ll  of  a  S\saii\  Turbine,  943;  Mr.  R. 
Davison  on  Duty  of  Pumps,  944 ;  Hon.  R. 

C.  Parsons  on  Centrifugal  Pnmps,  947 ;  Mr. 
Henry  Robinson  00  Amstiong's  Hydnmlic 
M.ichines,  950. 

Insttlutton  0/  Engincfrs  and  Ship-Builders  in 
Sa^land,  Tramsaetionso/tke.'— on  Strength 
of  Helical  Springs,  672 ;  Report  on  Safety 
Valves,  893;  Mr.  J.  Hrownlee's  Expeii- 
ments  on  How  of  Water,  931. 

ImstUntion  of  Mechanical  Engineers,  Pro- 
ceedings of: — Mr.  C.  Little  on  the  Shearing 
and  Punchin.^  Stn-iigth  of  Wrought  Iron, 
587 ;  Mr.  Vickers  on  the  Strength  of  Steel, 
631;  Mr.  W.  R.  Browne's  i^aperon  Rivetted 
JointSk  637:  Mr.  Robertson  on  (Grooved 
Frictional  Gcarintj,  741;  Mr.  H.  M.  Mor- 
rison on  Hirn's  Rojx;  Transniiiter,  755; 
Mr.  Ramsbottom  on  Cotton-Rope  T^nms- 
mitter.  755 ;  Mr.  West  inner  )tt  and  Mr.  B. 
Walker  on  Resistance  of  Shafting,  766;  Mr. 

D.  K.  Clark  on  the  Expansive  Working  of 
Steam  in  I^ocomotives,  879*  880;  Data  of 
the  I'ractical  Pfrform.nncc  of  Steam,  880; 
Mr.  F.J.  Bramwell  on  Economy  of  Fuel 
m  Steam  Navigation,  889;  Cdmpresaed-Air 
Machinery  by  Mes'-rs.  John  Fowler  &  Co., 
916;  Wenham  s  Hot-.\ir  Engine,  919 ;  Mr. 
F.  W.  Crossley  on  Utto  and  l^angen's  Gas- 
Engine,  993:  Mr.  Buckle  on  Fans.  904: 
Mr.J.S.E.  Swindell  on  Ventilation  of  Mines, 
925;  Mr.  W.  Daniel  on  Ventilation  of  Mines, 
935 ;  Mr.  A.  C.  Hili  on  Blowing  Engines. 
927;  Mr.  J.  F.  Bateman's  Experiments  on 
Flow  of  Water,  930;  Mr.  David  Thomson 
on  Pumping  Engines.  948;  Mr.  G.  H. 
Dagiiah  on  Winding  Engines.  956 ;  Mr.  G. 
Fowler  on  Resistance  of  Waggons  in  Coal 
Pits,  956 ;  Mr.  Wt  tniarott  on  Com- Ware- 
housing .Machinery,  961. 

irom  and  Sieel  InsHtmie,  JourtuU  of  the:— 
Mr.  J.  Lothian  Bdl  on  the  Cleveland  Blast 
Furnaces,  408. 

Isherwood,  Trials  of  Evai>orativc  Performance 
of  a  Marine  BoHer,  795. 


J 

James,  Captain,  on  the  Strength  of  Cast  Iron* 
SSS- 

Jardino,  Mr.,  on  the  Strength  of  Lead  Pipes, 

696. 

Johnson,  Professor  W.  R.,  on  American  Coals, 

418,  770.  791-795 
JouU',  Dr.,  Mechanical  Equivalent  of  Heat. 

by.  33a. 

Jv 

Kane.  Shr  Robert,  on  Ptat,  453. 

Kennedy,  Colonel  J.  P..  on  Weight  and 

V^olume  of  Goods  carried  on  Hallways.  213. 

Kirkaldy,  David,  on  Compressive  Strength 
of  Timber,  546,  547,  647;  on  the  Tensile 
Strength  of  Wrought  Iron  and  Steel,  571- 
578  ;  of  Swedish  Hammered  Pars.  581,  590; 
of  Krupp  cond  of  Yorkshire  Iron  Plates, 
5B3-586;  of  Borng's  Iron  Pfaites,  586;  Ten- 
sile Sfrcni^'th  of  Bar  Steel.  593.  594;  of  He- 
matite Steel.  594;  of  Krupp  Steel.  595 :  of 
Steel  Bars,  for  the  Steel  Committee.  597- 
600;  of  F;igersta  Steel,  604-611 ;  of  Siemens- 
Steel  I'l.ili's  and  Tyres,  612-614;  She.ar- 
ing  Strength  of  Steel.  617 ;  on  Strength  of 
Phosphor>Bronse,  6a8.  699;  of 'WHies,  699; 
of  Rolletl  Wroufiht-iron  Joists.  654;  of  Rails. 
66a,  663,  666-668;  of  Rojk-s.  674;  of  Ik-lt- 
ing,  680;  of  Plates  of  a  Marine  Boiler,  694. 

Krest.  on  tlie  Slip  of  Belts,  742. 

Krupp.  Herr,Strent;th  of  Wrought-Iron  Plates 
made  by,  583 :  of  bis  Cast  Steel.  595.  618- 

L 

Landore  Siemens-Steel  Company,  Strength  of 
Stwl  Platc-i;  and  Tyres  made  by,  612-614. 

Laslett,  Thomas,  on  the  Strength  of  Timber, 
538-542,  546.  548,  ssft  647. 

I^avitt,  E.  D.,  Pumping  Engines  by,  948. 

I^grand,  on  Boiling  Points,  370. 

Leigh,  Evan,  on  Belling.  746. 

Ldoutre.  on  M.  Hint's  Experiments  <m  Work 
of  Slenm. 

Leplay,  on  Moisture  in  Wood.  439;  on 

Dr)'ing  Wood,  496. 
Literary  and  Philosophical  Socii-ty  of  Man" 

Chester,    Memoirs    of:      Dr.    Dalton  on 

"Spontaneous"   Eva^wration,  491;  Mr. 

John  Graham  on  Heating  Surface^  80a. 
Little,  C,  on  the  Shearing  and  Punching 

Stren),nh  of  Wrought  Iron,  587. 
Lloyd,  Thomas,  on  the  Strength  of  Bar  Iron, 

569.  57a 

Loudon  Association  of  Fon-wru  Evt^ineers, 
Proceedings  of: — Mr.  David  Thomson  on 
Expansive  Work  of  Steam.  833. 

Longridge,  J.  A.,  on  Combustion  and  Evap- 
orative Power  of  Coals.  770,  785. 

Longsdon,  Mr.,  on  Strength  of  Krupp  Steel, 
595- 


Digitizea  L7  GoOglc 


AUTHORITIES  CONSULTED  OR  QUOTED.  XXV 


M 

MaeCoQ.  on  the  Strength  of  Rivetted  Joint3» 
641. 

Macfcintorii.  Cauota.  Wdglit  of  Bdt^PuDqrt 

by.  753- 

Mackworth,  H.,  on  Veniilation  of  Mines, 
479- 

ICaduN^  H.  H.,  on  Straqglh  ofTIiiilMr,  54s, 

543-  549- 

Macndl,  Sir  John,  on  Resistance  on  Common 

Roads.  964. 
Mahan,  Lieutenant  F.  A.,  OH  Oaimad-Fla«r 

Turbines,  941. 
Mallard,  on  Com  pressed- Air  Machines,  90a ; 

on  Compressed  Air.  907,  91a. 
Mallet.  R. .  Strength  of  Bncktod  Icon  Flaaet 

by.  66a 

Ifanhdl  Sou^  ft  Co..  Woik  of  Sloain  in 

Portable  Engine  by.  883. 
Mason,  John,  Strength  of  Untannod  Leather 

Belts  by.  680. 
M'Donnoll,  A.,  on  Compodtkm  of  Beat,  454. 
Menelaus,  on  Portable  Steam  Engines,  801. 
Miller,  T.  W..  Trials  of  Coab  by,  790. 
MillerftTaplin.THalaoraiabby.  787. 
Mortytlflw,  on  Diytag  bjr  Foiood  Cttmntik 

494. 

Monthly  Rtforts  to  the  Mandusttr  SUam- 
Uttrt  A*$$titaitm>-MT.  L.  E.  neieher^s 

Data.  696. 

Morin,  on  Transverse  Strength  of  Timber, 
537 :  on  the  Friction  of  Journals.  733 ;  and 
of  SoBd  Bodiee.  7^:  on  Leather  Bdti, 
743-745:  on  Breast  Wheels,  938;  on  a 
Foumeyron  Turbine,  940;  on  Centrifugal 
Pumps,  94& 

Mdnrifloo.  H.  M.,  on  M.  Him's  Ropo  TVhm^ 
mitter,  755 

Morton.  Francis.  &  Co..  Weight  of  Iron 
Sheets  bf,  n«5;  Strength  of  CddeFenchg 

Stands  by,  676. 
Moser.  Strength  of  Beams  tested  for,  654. 
Mttspratt,  Dr.,  Analyses  of  Coke  by.  433. 

N 

Napier.  Janai  R..  on  Trenwriwlon  of  Hent 

460 ;  on  Drying  StuflFs,  496. 
Nau,  on  Moisture  in  Charcoal.  451. 
Newall.  R.  S..  ft  Co.,  Strength  of  Henp  and 

Wire  Ropes  by,  674. 
Nichol,  B.  G.,  on  Condensation  of  Steam  in 

Pipes  and  Tubes,  474,  476. 
NieoU  ft  Lgrnv  Mdf  of  Coab  bjr.  784. 
Nonla  ft  Co.,  Stn^th  of  Laatlier  Behi  bf, 

680. 

North  British  Rubber  Company,  Driving  Bdts 

^orfA  of  England  Mining  Institnit,  TVWMIM^ 
tiotu       Rivetted  Joints^  588. 


O 

Oldham,  Dr.,  on  Indian  Coals,  424. 
Ott.  Karl  Von,  on  Strength  of  Ropes,  674. 
679, 

P 

Parsons,  on  Strength  of  Oak  Trenails,  551. 
Ruioni,  Hon.  R.  C.  on  Centrifugal  I'umps, 

947- 

Payen.  on  Eaploibo  Mixture  of  Gaa  and  Air. 

931. 

Pnraek  W.  A.,  on  Rope  Gearing,  754. 

Peclet,  on  Radiation  of  Heat.  339 ;  on  French 
Coals,  420;  on  Coke,  431 ;  on  Nfoisture  in 
Tan,  455 ;  on  Transmission  of  Heat.  459, 
46a^  4^  on  Condensing  Power  of 
Air  and  Water.  475 ;  on  Ventilation,  477 ; 
on  Heating  Apparatus,  488.  489 ;  on  Drying 
by  Air  Currents,  494 :  on  a  Drying  House, 
495 ;  on  Cupola  Furnaces,  497. 

Penot,  on  Drying  Houses.  496. 

Penrose  ft  Richards,  their  Antliracitic  Coke^ 
43* 

Perldns.  Heating  Apparatus  by,  486. 
Perkins.  Jacob.  Invention  of  the  Ioo>Making 

Machine  by,  373. 
Pemn,  on  the  Latent  Heat  of  F^uion,  967. 

Phillips,  on  Strength  of  Flat  Plates,  686. 
Piccard.  on  Work  of  Compresstxl  Air.  911. 
Poir^e.  on  Friction  on  Rails  by,  724. 
Pole.  Dr..  on  Spontaneous  Evaporation.  493; 

on  the  Strength  of  Steel  Wire.  617, 
Poncelet.  on  Water  Wheels,  938. 
PorUftuUk  4*  J9km  Codmritt >-~YMng 

Engines,  937. 
Porter,  C.  T.,  on  Expansion  of  Steam,  886. 
Pouillet,  on  Luminosity  at  High  Tarper- 

atnret*  308^ 

R 

Radford.  R  Heber,  Weight  of  Bdt-PuUeya 

by.  7S«.  75a- 

RamsboCtoai.J 

755- 

lUnkine.  Dr..  on  Expansion  of  Water,  340; 
on  the  Mehtaig  Potet  of  Ice.  964;  on 
Transmission  of  Heat,  461 ;  on  Shearing 
Strength  of  Oak  Trenails.  551 ;  and  of 
Cast  Iron.  561 :  Facton  of  Safety.  635. 6a6 ; 
on  Stresses  in  Roofs.  7XS  717;  on  Load  on 
Working  Surfaces,  767. 

Reading  Engine  Works  Co.,  Work  of  Steam 
in  Portable  Engine  by,  883. 

R6clus.  Specific  Onvity  of  Sea  Water  by,  ia6. 

Regnault,  Air  Thermometer  by.  321; ;  on  the 
Expansion  of  Air.  344;  on  Specific  Heat 
of  Momb,  953 ;  and  Gaaaa,  359;  Boilfaig 
Points  of  Vapours,  371 ;  on  Steam.  378, 
379, 383. 384  \  on  the  Mixture  of  Gases  and 


Diyiiized  by  Google 


XKVl 


AUTHORITIES  CONSULTED  OR  QUOTED. 


Vapours,  392  ;  on  French  Coal%  400^  4ax; 
on  Lignite  and  Asphalte,  436. 
Reilly,  Calcoti,  on  the  Varielies  of  Stress, 
SPO. 

Rennie,  on  the  Work  of  Horses,  720. 
Htvsu  Industruilc: — Atmospheric  Hammer 

by  M.  Chenot  Ain^,  967. 
Reynolds.  Dr.,  OH  Feat.  454. 

Richardson,  Dr.,  on  Coals,  412  ;  on  Coke, 
433;  Report  on  Evaporative  I'owcr  of  Coals, 
7«S- 

Robertson.  Jam«i^  OB  ^MBfltA  WktkmaX 

Gearing,  741. 
Robinson,  Henry,  on  Armstrong  s  Hydraulic 

MawM^i^  950. 

Rot  blin^',  on  the  Strength  of  Iron  Wire.  587; 

and  of  bteel  Wire,  6x7 ;  Factor  of  Safety  for 

Iron,  635 ;  oo  the  Strength  of  Wire  Rope 

■nd  Hemp  Rope.  676. 
Ross,  Owen  C.  D. ,  on  Coal  Gas,  457. 
Rouget  de  Lisle,  on  Drying  Stu£fs,  496. 
Royal  Society  of  BditOmr^,  Pfoeoodings  of:— 

Mr.  Fairvveather  on  Resistance  of  Air,  897. 
Royer,  on  Drying  Houses,  496;  on  Ikying 

Stuffs.  496. 

Russell  &  Sonsi  J.,  on  the  Sliei^  «f 

Wrought-Iron  Tubes,  692,  693. 
Ryland  Brothers,  Warrington  WireGat^e  by, 
133,  247- 

s 

Sauvajje,  on  Charcoal,  447,  449,  452. 
Scheurer-Kestner  &  Meunier  -  Dollfus,  on 
Frendi  end  other  Cools,  and  Lignites,  48a, 

707. 

Sharp,  Henry,  on  Rivetted  Joints  of  Steel 
Plates,  643. 

Shields,  F.  W.,  on  Cast-iron  Cohmini^  645. 

Shock.  Chief  Engineer  W.  H.,  OB  ^^Tiiy 
Strength  of  Bar  Iron,  587. 

Siemens,  Dr.  C  W.,  on  Isolated  Steun.  383; 
on  the  Constimption  of  Fuel  in  Meullurgical 
Furnaces,  497;  on  the  Strength  of  Hot- 
Blast  iron.  556 ;  on  Hot-Air  Engines,  900 ; 
Us  Water  Pyromelar,  967. 

Simms,  F.  W.,  on  ihc  Work  of  Horses,  720. 

Smeaton,  on  the  Power  of  Labourers,  718. 

Smith.  C.  Graham,  on  Strength  of  Timber, 

543.  544.  549- 
Smith,  J.  T.,  on  Punching  Resistance  of  Stecl, 

6x7 ;  on  the  Strength  of  Rails,  664. 

Snelas,  G.  J.,  Analysis  of  Welsh  Cbal  by,  4x3. 

SocUti  industrielUii  MmtkouM^^UKi  Steam 
Boilers.  796. 

Sociiti  IndustrUlU  MituraU,  litdUiin  de 
la: — M.  Comut  00  CompressedAir  Machi- 
nery, 896 ;  M.  Mallant  on  Comptesaed-Air 
Machines,  902. 

Sociiti  dcs  Inginieurs  Civils,  Com^Us  RewiMi 
da  Uu—Ammameter  fay  M.  Anon,  890. 


fn/fs,  Bulletin  da  la:—Vi*  Fificard  oa 

Compressed  Air,  911. 
Society  of  Arts.  Committee  of,  on  Resistance 

on  Common  Roads,  963. 
Society  of  Arts.  Journal  of:— OH  ResbtUlOe 

on  Common  Roads,  963. 
Spill.  Strength  of  Belting  by,  680. 
Steel  Committee  of  Civil  Engineers,  on  the 

Strength  of  Wrotq^t  Iron,  579^  5B0;  and  of 

Steel,  596-603, 
Stephenson,  Robert,  on  the  Strength  of  Cast 

Iro"'  555.  561 

Stoney,  on  Stress  in  a  Curved  Flange,  525; 
on  Sectional  Area  of  a  Continuous  Web^ 
5a6;  on  Shearing  Strength  of  Cast  Iron, 
56 1 ;  his  Factors  of  Safety,  625 ;  on  the  Re- 
sistance of  Columns,  643,  645,  646;  OB 
Stresses  in  Roofs,  715. 

Sullivan,  Dr.,  on  Peat,  007. 

SutclifTe,  on  Condensatloa  of  Steam  in  the 
Cylinder,  880. 

Swindell,  J.  S.  E.,  on  Ventilation  of  Mines, 
925- 

Sylvester,  Codde  Stove  by,  488W 

T 

Tangye,  J.,  on  the  Compressive  Resistaaoe  of 

Wrought  Iron,  582. 
Tasker.  Woik  of  Steam  in  Portable  Eqgine 

by,  883. 

Telford,  Thomas,  on  the  Strength  of  Wroi^gbt 
Iron.  567 ;  and  of  Iron  Wire,  586. 

Thomas  &  Laurens,  on  Brown  Charcoal.  449; 
on  Heating  by  Steam,  463,  468. 

Thomson,  David,  on  Expansive  Action  of 
Steam,  Baa^  88a;  on  C«ntrifiigal  Pumps, 
946 ;  Duty  <rf'  Pumping  Engines,  948. 

Thomson,  PfofessoT  Jame«,  Vortex  Whed 
by.  943- 

Thmston,  on  the  Strength  of  Iron  Wix&,  587. 
Thwaitcs  &  Carbutt,  on  Root's  Blower,  988. 
TowTic,  H.  R.,  on  Leather  Belts,  679^  741^ 

74S  74^~75^ 
Tkedgoid,  Weight  and  Volume  of  Various 

Substances  by,  213  ;  on  Cooling  Hot  Water, 

469;  on  Cooling  of  Steam  in  Pipes,  479^ 

474:  on  the  Work  of  a  Horse,  720. 

Troca,  on  I^ubcreau's  HoC-Air  Engine, 
917;  on  Gas-Engines,  920,  921,  923;  on 
Pumps,  945.  946 :  on  Resistance  of  Tram- 
way Onmibus,  961. 

Turner,  Wodc  of  SiBaai  fai  Foitafale  E^^ 

by.  883. 

Tweddeli,  R.  H.,  on  Shafting.  763. 

U 

Umber,  on  M.  Him's  Wire  Ropes,  754, 
Umrin,  onSncnsth  of  Cofamms,  615. 
Ure^  Specific  Gravity  of  .Afloys  by,  aao. 


Digitized  by  Google 


AUTHORITIES  CONSULTED  OR  QUOTED. 


xxvii 


V 

Vickers,  T.  E.,  on  the  Strength  of  Steel,  631. 
tes. 

Violelte.  on  Wood,  439,  441,  443,  445;  on 
Chamoftl.  44^448>  45°^  45< 

w 

Wade^  Major,  on  the  Strength  of  Cast  Iron. 

557- 

Walker,  B.,  on  Resistance  of  Shafting.  766. 
Walker.  John,  on  the  Work  of  Labouren. 
718. 

Webb,  F.  W.,  on  the  Streagtb  of  Stad,  6x4. 

631. 

Webber,  &,  on  MID  Shafting,  763,  764.  766. 

Westmacott,  Percy,  on  Shafting,  766;  on 
Com -Warehousing  Machinery,  961;  on 
Armstrong's  Hydraulic  Machines,  950. 

Whitelaw,  James,  Water  IHU  by.  939. 


WUtworth,  Sir  I  usoph.  Standard  Wire-Gauge 

bf,  133.  134;  Strength  of  his  Fluid-Com- 
pressed Steel,  and  of  Iron,  614.  615;  on 
Resistance  of  Steel  and  Iron  to  Explosive 
Foroe»  6s8;  his  Sjrstem  of  Standard  Siaet 
of  Bolls  and  Nuts,  681 ;  Standard  Pttcfaea 
of  Screwcd-lron  Piping,  683. 
Wiesbach,  Coefficients  for  Flow  of  Water, 
89a. 

Williams,  R.  IVice,  on  the  Tkansferae Strength 

of  Rails.  662,  664. 
Vnniama.  Foster,  ft  Co.,  Weight  of  Sheet 

Copper  by,  961. 

Wilson,  A.,  on  the  Work  of  Bullocks,  720. 
Wilson,  R.,  on  Strength  of  Perforated  Iron 
Plates.  633* 

Wilson,  Robert  (Fstricroft),  00  Teeth  of 

Wheels,  732. 
Wood,  J.  it  £..  Work  of  Steam  in  Stationary 

Engine  by,  88a. 
Woods.  E.,  and  J.  Dewrance,  on  the  Efficiency 

of  Heating  Surface  of  a  Locomotive,  803. 
Wright.  J.  G..  on  Riveltrd  Joints.  637. 


DigUizoa  by  CoOglC 


A  MANUAL 

or 

RULES,  TABLES,  AND  DATA 

roE 

MECHANICAL  ENGINEERS. 


GEOMETRICAL  PROBLEMS 


PROBLEMS  OS  STRAIGHT  LINES. 

Problem  L — To  bisect  a  shrai^ht 
Une^  or  am  are  tf  a  drde^  Pig;  i. — 

From  the  ends  A,  as  centres,  de- 
scribe arcs  intersecting  at  C  and  d, 
and  draw  c  d,  which  bisects  the  line, 
or  the  arc,  at  the  point  e  or  f. 

Problem  IT. — To  draw  a  perpen- 
dicular to  a  sfrar^/it  line^  or  a  radial 
line  to  a  drcuiar  arc^  Fig.  i. — Operate 

:c 


% 

Ti%.  I.— Pm1».  I.  and  II. 

as  in  the  foregoing  problem.  The 
line  c  D  is  perpendicular  to  a  b ;  liie 
line  c  D  is  also  radial  to  the  arc  A  a 

Prohlkm  III. — To  draw  a  perpen- 
dicular to  a  straight  line,  from  a  given 
point  in  that  line,  Fig.  2. — With  any 
siditts,  fiom  the  given  point  a,  in  the 


line  B  c,  cut  the  line  at  B  and  c;  with 
a  longer  radius  describe  arcs  from  b 


rig.  s.-Prolk  lU. 

and  c,  ciittmg  each  other  at  and 
draw  the  perpendicular  DA. 

2d  Method^  Fi^  3. — From  any  cen* 

tre  F,  above  bc,  describe  a  circle 
passing  through  the  given  |x>int  a, 


1%;  m.  td  ntlkod 


and  cutting  the  given  line  at  d;  draw 
D  K,  and  produce  it  to  cut  the  circle 
at  e;  and  draw  the  perpendkdar  A  B. 


2 


GEOMETRICAL  PROBLEMS 


34  MetM,  Fig.  4. — Ftom  a  de- 
an arc  EC,  and  from  n,  with 
the  same  radtus»  the  arc  ac,  cutting 


;  / 


Fig.  4.— Pkobw  IIL  3d  iMlhod. 

the  other  at  c;  through  c  draw  a  line 

BCD,  and  set  off  cd  equal  tocE; 
and  through  d  draw  the  perpendicu- 
lar ad. 

4/^  Method,  Fig.  5.  —  From  the 
given  point  a  set  off  a  distance  a  e 

c 


■4- 


.  .4 


S  A 

Fig.  5.~Prob.  III.  4th  method. 

equal  to  three  ptorts,  by  any  scale; 
and  on  the  centres  a  and  s,  with 

radii  of  four  and  five  parts  respec- 
tively, describe  arcs  intersecting  at  C 
Draw  the  perpendicular  a  c. 

Note, — This  method,  is  most  useful 
on  veiy  large  scales,  where  straight 
edges  are  inapplicable.  Any  multi- 
ples of  the  numbers  3f  4*  5  may  be 
taken  with  the  same  effect,  as  6,  8» 
10,  or  9,  I  St  IS- 

Problem  IV. — To  draw  a  perpen- 
dicular to  a  straight  line  from  any 
point  ivithout  it,  Fig.  6. — From  the 
point  A,  with  a  sufficient  radius,  cut 
the  given  line  at  f  and  g  ;  and  from 
these  points  describe  arcs  cutting  at 
B.  Draw  the  perpendicular  a  b. 

NcU, — ^If  there  be  no  room  below 


the  line,  the  intersection  may  be  taken 
above  the  line;  that  is  to  say,  be- 
tween the  line  and  the  given  point 


F«.  d-Protk  IV. 

2d  Mdhody  Fig.  7. — ^From  any  two 
points  B,  c^  at  some  distance  apart, 


F|g>  7*  IVolk  iV.  sd  ncduKL 

in  the  given  line,  and  with  the  radii 
B  A,  c  A,  respectively,  describe  arcs 
cutting  at  a  d.  Draw  the  perpendi- 
cular A  D. 

Problem  V. — To  draiu  a  straight 
line  parallel  to  a  gii.  m  line,  at  a  ^vm 

disiance  apart,  Fig.  8. — From  the  oen- 


Flff.  a— Aobk 

tres  A,  B,  in  the  given  line,  with  the 
given  distance  as  radius,  describe  arcs 
c,  D  j  and  draw  the  paiallel  line  CD 
touching  the  arcs. 

Problem  VI. — To  draw  a  paralUl 
through  a  given  point,  Fig.  9. — With 
a  radius  equal  to  the  disbince  of  the 
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given  point  c  from  the  given  line 
AB»  describe  the  flic  D  fioni  By  t&ken 


C  D 


A  1 

1 

Fig.  9.— Fxoh,  VI. 


coDsiderablv  distant  from  c  ]>mw 
the  pareUei  duough  c  to  touch  die 
arc  D. 

^d  Mdhod^  Fig.  la — ^From  a,  die 

i  i 

»  / 

i  i 
B  F 

Iff.  ta— FMb.  VI.  fldmdtod. 

given  point,  describe  the  arc  f  d,  cut- 
ting the  given  line  at  fj  from  f,  with 
the  same  radinSy  describe  the  arc  £  a, 
and  set  off  fd  equal  to  ea.  Draw 
the  parallel  duough  the  points  a,  d. 

Note^  Fig.  II. — ^When  a  series  of 
parallels  are  required  perpendicular 
to  a  base  line  a  b,  they  may  be  drawn, 
as  in  Fig.  i,  through  points  in  the 
base  line,  set  off  at  the  required  dis- 

c 


/ 

\. 

t 

< 

\ 

— 1 — 
\ 

1 

0 

■»* 

Fig.  II.— Prab.  VL 

tances  apart  This  method  is  con- 
venient also  where  a  succession  of 
ptiaHels  aie  required  to  a  given  line, 


c  D ;  fur  the  perpendicular  a  b  may  be 
dnnm  to  it,  and  any  number  of  par- 
allels may  be  drawn  upon  die  per- 
pendicular. 

Problem  VII. — Thdmdeashra^ 
Mme  wto  a  number  of  equal paris^  Fig. 
12. — ^To  divide  the  line  a  b  into,  say, 
five  parts.  From  a  and  b  draw  par- 
allels A  c,  B  D,  on  opposite  sides.  Set 
off  any  convenient  distance  four  times 


Fig.  ia.-Ptob.  VII. 


(one  less  than  the  given  number) 
from  A  on  AC,  and  from  b  on  bd; 
join  the  first  on  a  c  to  the  fourth  on 
B  D,  and  so  on.    The  lines  so  drawn 

divide  a  h  as  reciuired. 

2d  Mcthody  Fig.  13. — Draw  the  line  . 
A  c  at  an  angle  from  a,  set  off,  say, 


Fig.  13.— Prob.  VII.  sd  flMthod. 


five  equal  parts;  dmw  b  5,  and  dmw 

parallels  to  it  from  the  odier  points 
of  division  in  ac    These  parallels 

divide  a  b  as  required. 

Note. — By  a  similar  process  a  line 
may  be  divided  into  a  number  of 
unequal  parts;  setting  oft  divisions 
on  a  c,  proportional  by  ascale  to  the 
required  divisions^  and  drawing  par- 
allels cutting  A& 

Pkobubm  VWlc^Vpm  a  Hrmgki 
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Fig.  14, — Let  A  be  gnm- 
\if  aad  pg  the  ttae  WiA  aoy 


Fig.  14.— 1 


isdns,  frcm  the  pewits  a  wbA  dch 
scribe  aics  d*^  ib,  cattiqg  lfaesida» 
of  the  angle  a,  and  the  line  fg.  Set 


▼in. 


e  arc  I H  equal  to  D  E,  and  draw 
The  angle  r  is  equal  to  a,  as 

ed. 

clmw  angles  of  Go'  and  30°,  Fig. 
•"rom  F,  with  any  radius  f  i,  cle- 
an arc  I  h;  and  fipom  i,  with 
me  radius,  cut  the  arc  at  h,  and 


Fig.  iS'-i'roh.  VIII. 


traw  F  H  to  form  the  required  angle 
I  b  ii.  Draw  the  perpendicular  h  k 
to  the  base  line,  to  form  the  angle  of 

30"  F  H  K. 

To  draw  an  angle  of  45"",  Fig.  16. 
— Set  off  the  distance  f  1,  draw  the 


Fig.  16.— Pnb.  VtIL 

perpendicular  i  h  equal  to  i  f,  and 
join  H  F,  to  form  the  angle  at  f  as  re- 
quired.   The  angle  at  h  is- also  45 ^ 

Problem  IX. — To  bisect  an  angle ^ 
Fig.  17.7-Let  ACB  be  the  angle;  on 
the  centre  c  cut  die  sides  at  A,  a  On 
A  and  B,  as  centras,  depoifte  arcs 


cutting  at  D.  Draw  c  D,  dividinc[  tbV' 
angle  into- two  equal,  paitst 


c 


Fig.  17. — Prob.  IX. 

Problem  X. — To  bisect  the  incHmth 
tion  of  tivo  lines,  of  li'hich  the  intersee- 
tioti  is  inauessiJbki  Fig.  i^. — Upon  the. 


given  lines  cb,  ch,  at  any  points^ 
draw  perpendiculars  e  f,  g  h,  of  equal 
lengths,  and  through  f  and  g  draw 
parallels  to  the  respective  lines,  cut- 
ting at  s;  bisect  the  angle  fsg,  so 
feimed^  by  the  Hne  sd,  wradi  divite 
equally  the  indinatifln  of  the  ^getm 
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"BmBLvai  XL — Through  im  given 
affvm  mUuSf  Fjg.  19.— h)&  the  poiitts 


Problem  XJII. — To  describe  a  dr" 
itk  passing  throiigk4hr£egtompomk^ 
^  M^^I^  i^  c  be  the  gifen 
l^raiBy^md  fvocMMd  at  in  last 


A  and  B  as  centres,  with  the  given 

radius,  describe  arcs  cutting  at  c ;  and 
from  c,  with  the  same  radhis,  describe 

an  arc  a  b  as  required. 

Problem  XII. — To  fimi  the  emir e 
of  a  circle^  or  of  a  n  arc  of  a  circle. 
I  St,  for  a  circle,  Fig.  20. — Draw  the 


rw.  ai.— Prob.  XII.  XIII. 

I^em4i>  ftid  the  oemre  o,  fromivbich 

die  circle  nui^  be  descnbecL 
JV^/h^This  proUem  is  variously 

useful : — in  striking  out  the  circular 
arches  of  bridges  upon  centerings, 
when  the  span  and  rise  are  given; 
describing  shallow  pans,  or  dished 


i 


chord  A  B,  bisect  it  by  the  perpendi- 
cular c  D,  bounded  both  ways  by  the 
circle;  and  bisect  c  d  for  the  centre  g. 

«d«  for  a  drde  or  an  arc,  Fig.  21. 
-^-Select  three  points,  a,  b,  c,  in  the 
circumference,  well  apart;  with  the 
same  radius,  describe  arcs  from  these 
three  points,  cutting  each  other ;  and 
draw  the  two  lines,  o  e,  f  g,  through 
their  intersections,  according  to  Fig.  i . 
Hie  point  where  they  cat,  is  the 
I  cf  the  dick  or  are. 


Fig.  M.— Pkob.  XIV.  m  mcdwd. 

covers  of  vessels ;  or  finding  tlie  dia- 
meter of  a  fly-wheel  or  any  other 
object  of  large  diameter,  when  only 
a  part  of  the  circumference  is  ac- 
cessible. 

Problem  XIV. — T»  describe  a  drde 
passif^  through  three  given  points  when 

the  centre  is  not  available. 

1st  Method^  Fig.  22.  — From  the 
extreme  points  a,  b,  as  centres,  de- 
scnbe  arcs  ah,  bg.  Through  the 
tfakd  point  c,  dtaw  ab,  bf,  cutting 
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ihe  arcs.  Divide  ap  and  bb  into 
any  number  of  equal  parts,  and  set 
off  a  series  of  equal  parts  of  the  same 
length  on  the  upper  portions  of  the 

arcs  beyond  the  points  E,  f.  Draw 
straight  Hnes,  b  l,  b  m,  &c.,  to  the  divi- 
sions in  A  f;  and  a  i,  a  k,  &c.,  to  the 
divisions  in  eg:  the  successive  inter- 

jI — --^z 
*v — 5? 

A 

and  paialld  to  ab.  Divide  da 
into  a  number  of  equal  parts  at  i,  2, 3, 

&c.,  and  from  d  describe  arcs  through 
these  points  to  meet  ef.  Divide  the 
arc  A  e  into  the  same  number  of  equal 
parts,  and  draw  straight  lines  from  d 
to  the  points  of  division.  The  inter- 
sections of  these  lines  successively 
with  the  arcs  i,  2,  3,  &c.,  are  points 
in  the  dide  which  may  be  filled  in  as 
before. 

Note. — The  second  method  is  not 
perfectly  exact,  but  is  sufficiently  near 
to  exactness  for  arcs  less  than  one- 
fourth  of  a  circle.  When  Ihe  middle 
point  is  equally  distant  from  the  ex- 
tremeSi  the  vertical  c  d  is  the  rise  of 
the  arc ;  and  this  problem  is  service- 
able for  setting  circular  arcs  of  large 
radius,  as  for  biidges  of  very  great 


1%.  •i.-Ftok  3CV. 


span,  when  the  centre  is  unavailable; 
and  for  the  outlines  of  biidge-beamsy 


sections  n,  o,  &c.,  of  diese  Imes,  aie 

points  in  the  circle  required,  between 

the  given  points  a  and  c,  which  may 
be  filled  in  accordingly:  similarly  the 
remaining  part  of  the  curve  fiC  may 
be  described. 

2d  Met  hod y  Fig.  23. — Let  a,  d,b  be 
the  given  points.  Draw  a    a  D,  d 


and  of  beams  and  connecting-fodsof 
steam-engines,  and  the  like. 

Problem  XV. — lb  draw  a  tangent 
to  a  circle  from  a  given  point  in  ihe 
circumference^  Fig.  24. — Through  the 
given  point  a,  draw  the  radial  line 


Pig.  vs*— Pntbi.  XV.  ad  OMdiod. 


A  c,  and  the  perpendicular  f  g  is  the 
tangent 

21/  Mdhod^  when  the  centre  is  not 
available,  Fig.  95. — From  A,  set  off 

equal  segments  a  b,  a  d;  join  B D,  and 
draw  A  £  parallel  to  it  for  the  tangent 

Problem  XTVI. — To  draw  tangents 
to  a  arde  from  a  point  ufithaut  it 


Fig.  a6.— Prob.  XVI.  nt  metbod 


ist  Method,  Fig.  26. — Draw  ac 
from  the  given  point  a  to  the  oentre 
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c;  Insect  it  at  d,  and  ftom  the  centre 
D,  describe  an  arc  through  c,  cattbg 
the  drde  at  B,  F.  Then  as,  af, are 

tangents. 

2^/  Mdhod,  Fig.  27. — From  a,  with 
the  radius  a  c,  describe  an  arc  b  c  d, 
and  from  c,  with  a  radius  equal  to  the 


diameter  of  the  circle,  cut  the  arc  at 
B,  D;  join  Bc,  CD,  cutting  the  circle 
at  £,  F,  and  draw  a  e,  a  F,  the  tan- 
gents. 

NoU, — When  a  tanf^t  Is  already 

drawn,  the  exact  pomt  of  contact 
may  be  found  by  drawing  a  perpen- 
dicular to  it  from  the  centre. 

Problem  l^Wj^Bdwem  two  inr 
dined  lines  to  draw  a  series  of  circles 
touching  these  lines  and  touchin:^  each 
Other,  Fig.  28. — Bisect  the  inclination 


A 


c 

Pic.  at—Pkolk,  XVU. 


of  the  given  fines  A  B,  c  D  by  die  line 
va  From  a  pomt  F  in  this  line, 


draw  the  perpendicolar  pb  to  die  fine 

AB,  and  on  p  describe  the  circle  BD 
touching  the  lines  and  cutting  the 

centre  line  at  e.  From  e  draw  e  f 
perpendicular  to  the  centre  line,  cut- 
ting AB  at  F,  and  from  f  describe  an 
arc  E  G,  cutting  a  b  at  g.  Draw  g  h 
parallel  to  b  p,  giving  h,  the  centre 
of  the  next  chde,  to  be  described 
with  the  radius  H  e,  and  so  on  for  the 
next  circle  i  n. 

Inversely,  the  largest  circle  may 
be  described  hrst,  and  the  smaller 
ones  in  succession. 

Note, — This  problem  is  of  frequent 
use  in  scroll  work. 

Problem  XVIII. — Bciivecn  two 
itulined  lines  to  draiv  a  circular  seg- 
ment to  Jill  the  an^lCf  ami  touching  the 
HmSf  Fig.  29. — ^Bisect  the  indmation 


Tig.  99.~Pkot».  XVIII. 


of  the  lines  a b,  d  e  by  the  fine  fc, 
and  draw  die  perpendicular  afd  to 
define  the  limit  within  which  the  cir- 
cle is  to  be  drawn.  Bisect  the  angles 

A  and  D  by  lines  cutting  at  c,  and 
from  with  radius  c  F,  draw  the  arc 
H  FG  as  required. 

Problem  XIX. — To  describe  a  cir- 
cular arc  joining  two  circles,  and  to 
touch  one  of  tlicm  at  a  given  pointy  Fig. 
30. — To  join  the  circles  a  b,  fg,  by 
an  arc  touching  one  of  them  at  f, 
draw  die  mdhis  b  f,  and  produce  it 
both  ways;  set  off  fh  equal  to  die 
radius  AC  of  die  other  cirde»  join  ch 
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and  bisect  it  -nrith  the  perpendicuiar 
Cii^ciitliiiigBFjai.  On  tbe  ocntK 


Fig.  sa-Frob.  XIX. 

^ntfaiadios  i  f,  describe  tlie  aic  v  a«b 
vequmd. 


PROBLEMS  ON  CIRCLES  AND 
RECTILINEAL  FIGURES. 

Problem  XX. — To  construct  a  tri- 
an^  m  a  given  kue,  the  sides  being 
given, 

xst  An  equikteral  triang^^iFig.  31. 


the  ends  of  the  given  base,  a,  b, 
vidi  A  B  as  radius^  describe  arcs  cift- 
ting  at  c,  and  draw  ac,  c a 

2d.  A  triangle  of  unequal  sides, 
Fig.  32. — On  either  end  of  the  base 
A  D,  with  the  side  b  as  radhis,  describe 
an  arc ;  and  with  the  side  c  as  radius, 
Oil  the  t)tfaer  end  cf  the  base  as  a 
•centrey-cattbeavcatx.  JoaiAS,DS. 

Note, — This  oonstmotion  may  be 
used  for  hiding  liie  position  of  a 
poiatyC  or  b,  at  givem  distancea  ftom 


the  en(kof  a  ibaie»aot 


to 


F«.3s.^Ptob.XX. 


PftOBLBM  XXI. — To  amstrtia  a 
square  ora  rectangle  on  a  given  sira^fki 
Une, 

ist  A  square.  Fig.  33. — On  the 


Ptf*  J9* — I^bb  XXL 

ends  A,  B,  as  centres,  "with  the  fine  A  B 

as  radius,  describe  arcs  cutting  at  c; 
on  c,  describe  arcs  cutting  the  others 
at  de;  and  on  d  and  t,  cut  these  at 
FG.  Draw  A  F,  iio,  and  join  the  in- 
tersections H,  L 

ad.  A  rectangle,  Fig.  34. — On  the 
base  B  F,  draw  the  perpendicdars  b  h, 


34-— Pn>^  XXI. 

F  G,  equal  to  the  height  of  the  rect- 
angle, and  jooi  gb. 

When  the  centre  lines,  ab,  CD^ 
f]g.3$,«f  aaqwreor  a  rectanglBaBe 
given,  cnttiQg  at      Set  off  b  f,  sa^ 
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tbelttlflaigAB  cf -die  figure,  wd  E  H, 
m,Tf  the  half  lieig^  On  the  ceatiees 
Mt%  mUn  a  ndiuB  of  i»lf  ihe  Jenglli, 


•w 

m 

o 

describe  arcs;  and,  on  the  centres  f, 
■G,  with  a  radius  of  half  the  height,  cut 
these  arcs  at  l,  n.  Join  these 
intersections. 

Problem  XXIL — To  comtruct  a 
paralMo^am^  of  which  the  sides  and 
4me  of  the  angles  are  ^ven^  Fig.  36. — 


V%.S&-Frabu  XXII. 

Draw  Uie  side  d  e  equal  to  the  given 
IfiCgtfa  A,  and  set  off  the  other  side 
D  F  equal  to  the  other  length  b,  form- 
ing the  given  angle  c.  From  k,  with 
D  F  as  radius,  describe  an  arc,  and 
from  F,  with  the  radius  d  £,  cut  the 
aic  at  a  Draw  fg,  e a 

Or,  the  remaining  sides  may  be 
drawn  as  parallels  to  d  e,  d  f. 

The  formation  of  the  angle  d  is 
readily  done  as  indicated,  by  taking 
the  straight  length  of  the  arc  h  i  and 
c  I  as  radius,  and  hndij^  the  inter- 
section L. 

Pkori.em  XXIII. — To  describe  a 
circle  about  a  triangle^  Fig.  37. — Bisect 
two  sides  a  b,  a  c  of  £e  tiiangle  at 

F,  «mI  fttm.  theee  i>omts  dnwr  per- 
pendicuUurs  cnttng  «t  x.  On 


the 


vtth  liie  n 


Fif.  37  -Prob.  XXIII. 

Problem  XXIV.  —  To  inscribe  a 
circle  in  a  triangle.  Fig.  38. — Bisect 
two  of  the  angles  a,  c,  of  the  triangle 
by  lines  cutting  at  d;  from  d  draw  a 
perpendicular  d  s  to  any  side,  and 
with  D  B  as  radius  describe  a  drde. 

When  the  triangle  is  equilateral, 
the  centre  of  the  circle  may  be  found 
by  bisecting  two  of  the  sides,  and 

B 


fig.  38.— Prob.  XXIV. 

drawing  perpendicnlars  as  in  die  pre- 
vious problem.  Or,  draw  a  perpen- 
dicular from  one  of  the  angles  to  the 

opposite  side,  and  from  the  side  set 
off  one-third  of  the  perpendicular. 


FSOBLIM   XXV.— J> 

ahat  M  sqmari,  mid  io 
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I  St  To  describe  the  circle.  Draw 
the  diagonals  ab.  cd  of  the  square, 
cutting  at  e;  on  the  centre  k,  with  the 
radiub  k  a,  describe  the  circle. 

ad.  To  inscribe  the  square. — Draw 
the  two  diameters  ab»  cd  at  right 
angles,  and  join  the  points  a,  B»  c,  n 
to  form  the  s(]uare. 

Note. — In  the  same  way  a  circle 
>may  be  described  about  a  rectangle. 

Problem.  XXVI.  —  To  inscribe  a 
circle  in  a  square,  ami  to  describe  a 
square  about  a  circle.  Fig.  40. 

ist  To  inscribe  the  circle. — Draw 


A  o  e 


rif .  4a— FMb.  XXVI. 

the  diagonals  a  c  D  of  the  scjuare, 
catting  at  e;  draw  the  perpendicular 
£  F  to  one  side,  and  with  the  radius 

E  F  describe  the  circle. 

2d.  To  describe  the  square. — Draw 
two  diameters  a  b,  c  d  at  right  angles, 
and  produce  them;  bisect  the  angle 
D  £  B  at  the  centre  by  the  diameter 
F  G,  and  through  F  and  G  draw  per- 

B 


T  1  j 

/  M 

m  M 

c 


Fig.  4i.-Prob.  XXVI 1. 

pendicttlais  ac,  bd,  and  join  the 

points  A  D  and  b  c,  where  they  cut  the 
diagonals,  to  complete  the  square. 


Problem  XXVII. — To  inscribe  a 
pentagon  in  a  circle,  Fig.  41. — Draw 
two  diameters  a  c,  b  d  at  right  angles, 
cutting  at  o;  bisect  a  o  at  e,  and  from 
E,  with  radius  £  b,  cut  a  c  at  f  ;  from  b, 
with  radius  b  cut  the  drcumference 
at  G»  H,  and  with  die  same  radius  step 
round  the  circle  to  i  and  K;  join  the 
points  so  found  to  fonn  the  pentagon. 

Problem  XXVIIL— 7<>  constrtid 
a  hexagon  ypon  a  given  straight  line. 

Fig.  42. — From  a  and  b,  the  ends  of 
the  given  line,  describe  arcs  cutting 
at^;  from^,  with  the  radius^  A,  de- 


Ftf.  4*.-PMlii  XXVIIL 

scribe  a  circle;  with  the  same  radius 
set  off  the  arcs  ag,  g  f,  and  a  d,  d  e. 
Join  the  points  so  found  to  fonn  tiie 
hexagon. 

Problem  XXIX. — 2h  inscribe  a 
hexagm  in  a  eirdk,  Fig.  43.— Draw  a 
diameter  A  c  b;  from  A  and  B  ascentresy 

with  the  radius  of  the  circle  a  c,  cut 
the  circumference  at  d,  e,  f,  g;  and 
draw  AD,  D £,  &c  to  form  the  hexagon. 


^ig-  43.-Prob.  XXIX 

The  points  D,  B,  &c.,  may  also  be 
found  by  stepping  the  radius  six 
times  round  the  circle. 
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oAm/  a  tirdi^  Fig.  44. — Draw  a 


rig.  44-— Prob.  XXX. 

diameter  a  d  b,  and  with  the  radius 
A  D,  on  the  centre  a,  cut  the  circum- 
ference at  c ;  join  a  c,  and  bisect  it 
witli  the  radius  d  £ ;  through  £  draw 
paiaUd  pg  cutdn^  the  diameter 
at  p,  and  with  the  radius  d  p  describe 
the  circle  fh.  Within  this  cude  de- 
scribe a  hexagon  by  the  preceding 
problem;  it  touches  the  given  circle. 

Problbm  XXXI. — To  descrihe  an 
0ti0gm  m  aghm  straighi  Um^  Fig.  45. 


Pli^  4j.—P)coU  XXXI. 


•i— Produce  the  given  line  ab  bodi 
ways,  and  draw  perpendiculars  as, 

B  f;  bisect  the  external  angles  a  and 
B,  by  the  lines  ah,  b c,  which  make 
equal  to  a  b.  Draw  c  d  and  h  g  par- 
allel to  A  £,  and  equal  to  a  b  ;  from  the 
centres  g,  d,  with  the  radius  a  b,  cut 
the  perpendiculars  at  i,  p,  and  draw 
■  p  to  complete  the  octagon. 

PmuDf  XXXIL— 2^  cmmrt  a 
square  inh  an  ocUmmf  Fig.  46.^Diaw 
«D6  diagonals  of  ue  sffiiaio  cutting  at 


e;  fhrni  thecocneiB  A,B,  c,D,  wilihA# 
as  radius,  describe  arcs  cutting  th» 


F«.  4&— Prob.  XXXII. 


sides  at  g,  h,  &c.;  and  join  the  pcMnta 
so  found  to  form  the  octagon. 

Problem  XXXIIL— 72>  inscribe 
an  octagm  in  a  eirde,  Fig.  47.-^Dmw 


B 


P^  XXXIIL 


two  diameters  a  c,  b  d  at  right  angles ; 
bisect  the  arcs  ab»  bc,  &c.»  at 
&:c,  and  join  Ae^ei^  &c,  to  form  the 
octag(HL 

Problem  XXXIV.— 72^  describe 
an  odagm  abaui  a  drcle,  Fig.  48. — 


P%.4lL-9loUXXXIV. 

Describe  a  square  about  the  given 
drde  ab^  draw  pcrpendicnlaia  AJk, 
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^ftc,  to  ihe  •diagonala,  tondfang  the 

circle,  to  form  the  octagon. 

Or,  the  points  A,      &c.,  may  be 

found  by  cutting  the  sides  from  the 
comers  of  the  square,  as  in  the  second 
last  problem. 

Problem  XXXV. — To  describe  a 
polygon  of  any  number  of  sides  upon  a 
,ffven  straight  litu^  Fig.  49. — Produce 


F«. Tiob.  XXXV. 


the  given  line  a  b,  and  on  a,  with 

the  radius  a  n,  describe  a  semicircle, 
divide  the  semi-circumference  into  as 
many  equal  parts  as  there  are  to  be 
sides  in  the  polygon;  say,  in  this  ex- 
ample, five  sides.  Dnmr  Knes  from 
A  thiou^jh  the  divisional  points  d,  b, 
•and  omittiiig  one  point  a\  and  on 
the  centres  b,  d,  with  the  radius  a  i;, 
cut  A  ^  at  E  and  a  r  at  f.  Draw 
D  ^  £  F«  f  B  to  complete  the  polygon. 

Problem  XXXVI. — To  inscrU)e  a 
-circle  within  a  poly^on^  t  ig-'*-  50,  51. — 
When  the  polygon  has  an  oven  num- 
ber of  sides,  Fig.  50,  bisect  two  op- 


Flg.  six—Pkob.  XXXVL  XXJCVII. 


posite  sides  at  a  and  b,  draw  a  b,  and 
meet  k  ajt'C  byaifiagonBlDB;  and 
ivith  the  ladbs  c  Adesofte  the  <arcle. 


"M^ben  ^e  number  of  sides  «  odd, 
•Fig.  51,  ttaeoi  tvm  of  the  «des  aft  a 


F%.  SL—FMlk  XXXVI.  XXXVIL 


and  £,  and  draw  lines  a  e,  b  d  to  the 
opposite  angles,  iateisecting  at  c; 
€nin<:,'«illi  the  nutius  ca,  describe 
the  cade; 

Problem  TXKSW.^To  describe  a 
drde  wiihotH  a  polygon^  Figs.  50,51 . — 
Find  the  centre  c  as  before,  and  widi 
the  radius  c  D  describe  the  circle. 

The  foregoing  selection  of  prob- 
lems on  regular  figures  are  the  most 
useful  in  median ical  practice  on  that 
subject.  Several  other  regular  figures 
may  be  constructed  from  them  by 
bisectioii  of  the  arcs  of  the  drcum- 
sciibiqg  circles.  In  this  way  a  de- 
cagon, or  ten-sided  polygon,  nuiy  be 
formed  from  the  pentagon,  as  shown 
by  the  bisection  of  the  arc  b  h  at 
in  Fig.  41.  Inversely,  an  equilateral 
triangle  may  be  inscribed  by  joining 
the  alternate  points  of  division  found 
for  a  hexagon. 

Problem  XXXVIII. — To  inscribe 
a  polygon  of  any  number  of  sides 
wUkin  a  drdc,  Fig.  52. — Draw  the 
<Sameter  a  b,  and  through  the  centre 
E  draw  the  perpendicular  e  c,  cuttii^g 
the  circle  at  f.  Divide  v.  f  into  four 
equal  parts,  and  set  off  three  parts 
equal  to  those  from  f  to  c.  Divide 
the  diameter  a  b  into  as  many  equal 
parts  as  Llie  polygon  is  to  have  sides; 
and  frtnn  t:  draw  c  d  'AroQgjh  the 
second  poialt  *of  division,  cntttng  4ie 
dadevftix  llien ao istqual to<iiie 


OH  TUX  ELLIPSi;. 


sidir  of  the  polygOD^  and  by  stepping' 
roimd  the  dicumference  wlh  the 


G 


1%.  SM.—Vnh.  XXXVin. 


length  A  D,  the  polygpa  may  be  com- 
pleted. 

The  constructions  for  inschbiog 
regular  polygons  in  circles  are  suit- 
able also  (or  divicUng  the  draimfer- 
ence  o£  a  ciide  into  a  numbet  of 
equal  parts.  To  supply  a  means  of 
dixiding  the  circumference  into  any 
.  number  of  parts,  including  cases  not 
])rovided  for  in  the  foregoing  prob- 
lems, the  annexed  tabic  of  angles 
relating  to  polygons,  expressed  in 
dnqgrees,  will  be  fbiuid  of  genecal 
ulmty.   In  this  table  the  angle  at 


Table  of  Polygonal  Amglss. 


Angle 

Number 

Angle 

atCratre. 

orSidei. 

at  Centre. 

No. 

No. 

Degrees. 

3 

I20 

12 

30 

4 

90 

I.^ 

27A 

1 

14 
15 

24  1 

7 

16 

22^  1 

S 

45 

2«W  1 

9 

40 

ao  1 

lO 

36 

19 

'9 

11 

3»A 

ao 

18 

the  centre  is  found  by  dividing  360°, 
the  number  of  degrees  in  a  circle,  by 
the  number  of  sides  in  the  polygon ; 
and  by  setting  off  round  the  centre 
of  the  circle  a  succession  of  angles 
by  means  of  the  protractor,  equal  to 
Ae  angle  in  the  uU)le  doe  to  a  gives 


nnmber  of  sides,  the  mHi  sO'  drawn 
wiil  dindethe  dBcuMtoente  inta  dnr 
same  number  oB  partK.  The  triangles, 
thus  formed  are  tensed  thr  clKnie»- 
tary  tiiangles  of  the  polygon. 

Problem  XXXIX.— 72?  mscnde 
any  regular  polygm  in  a  gkim  circle; 

or  to  divide  the  circumference  info  a 
gi7>en  number  of  equal  parts,  by  means 
of  the  att^le  at  the  centre.  Fig.  53. — 


Suppose  the  circle  is  to  contain  a 
hexagon,  or  is  to  be  divided  at  the 
circumference  into  six  ecjual  parts. 
Find  the  angle  at  the  centre  for  a 
hexagon,  or  60*^;  daw  any  radina  B  c». 
and  set  off,  by  a  protractor  or  otfaen- 
wise^  the  angle  at  the  centre  cbd- 
equal  to  60" ;  then  the  interval  c  d  Is 
one  side  of  the  figure,  or  segment  of 
the  circumfcrcn(  e;  and  the  remaining 
points  of  division  may  be  found  either 
by  stepping  along  the  circumference 
with  the  distance  c  d  in  the  dividen^ 
or  by  setting  off  the  renaintnig  five 
angles,  of  60^  each,  roand  the  centre; 


PROBLEMS  ON  THE  ELUPSE. 

An  elUpse  is  an  oval  figoiev  fike  a 

circle  in  perspective.  The  line  a  b, 
Fig.  54,  that  divides  it  equally  in  the 
direction  of  its  greatest  dimension^ 
is  the  transverse  a,xis:  and  the  per- 
pendicular c  D,  through  the  centre, 
is  the  conjugate  aaas.  Two  points^ 
F,     in*  th»  trsnaveiae  aads,  air  the 
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fod  of  the  curve,  each  being  caUed  a 

focus;  being  80  placed  that  the  sum 
of  their  distances  from  either  end  of 
conjugate  axis,  c  or  d,  is  equal 


Fi(.  S4*'-FMbi  XL, 


to  the  transverse  axis.  In  general,  the 
sum  of  their  distances  from  any  other 
point  in  the  curve  is  equal  to  the 
transverse  am  A  line  drawn  at 
right  angles  to  either  axis,  and  termi- 
nated by  the  curve,  is  a  dotibk  ordi- 
nate^ and  each  half  of  it  is  an  ordinate. 
The  segments  of  an  axis  between  an 
ordinate  and  its  vertices  are  called 
abscisses.  The  double  ordinate  drawn 
through  a  focus  is  called  the  para- 
meter  of  the  axis. 

The  squares  of  any  two  ordinates 
to  the  transverse  axis,  are  to  each 
other  as  the  rectanglesof  their  respec- 
tive abscisses. 

Problbm  XL. — To  describe  an  el- 
l^te  when  the  length  and  breadth  are 
^ven,  Fig.  54. — On  the  centre  c,  with 
A  E  as  radius,  cut  the  axis  a  b  at  f 
and  G,  the  foci ;  fix  a  couple  of  pins 
into  the  axis  at  f  and  G,  and  loop  on 
a  diread  or  cord  upon  tfaem  equal  in 
length  to  the  axis  a  B,  so  as  when 
stretched  to  reach  to  the  extremity  c 
of  the  conjugate  axis,  as  shown  in  dot- 
lining.  Place  a  pencil  or  drawpoint 
inside  the  cord,  as  at  H,  and  guiding 
the  pencil  in  this  way,  keeping  the 
cord  equally  in  tension,  carry  the 
pencil  round  the  pins  f,  g,  and  so 
describe  the  ellipse. 

JV^— This  mediod  is  employed 


in  setting  off  elliptical  garden-plots, 

walks,  &c. 

2d  Method,  Fig.  55. — Along  -tlie 
straight  edge  of  a  slip  of  stiff  paper, 
mark  off  a  distance  a  c  equal  to  a  c» 


Fig.  ss— Fkobk  XL.  ad  owilMd. 


half  the  transverse  axis;  and  from 
the  same  point  a  distance  a  b  equal 
to  CD,  half  the  conjugate  axis.  Place 
the  slip  so  as  to  bring  the  point  b  on 
the  line  a  B  of  the  transverse  axis,  and 
the  point  con  the  line  de;  and  set 
oft"  on  the  drawing  the  position  of  the 
])oint  a.  Shifting  the  slip,  so  that 
the  point  b  travels  on  the  transverse 
axis,  and  the  point  c  on  the  conjugate 
axis,  any  number  of  points  in  the 
curve  may  be  found,  uirough  which 
the  curve  may  be  traced. 

^d  Method^  Fig.  56. — The  action 
of  the  preceding  method  may  be  em- 


Fig.  56.^Prob.  XL.  3d  nwtliod. 


bodied  so  as  to  afford  the  means  of 
describing  a  large  curve  continuously, 
by  means  of  a  bar  m  with  steel 
jjoints  w,  /,  k,  rivetted  into  brass  slides 
adjusted  to  the  length  of  the  semi- 
axes,  and  Ibndwidisetscrews.  Areo- 
tangular  cross  e  g,  with  guidbg  slots, 
is  placed  ooinddiog  with  tne  two 
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axes  of  the  ellipse,  ac  and  bh;  by 
sliding  the  points  ^  /,  in  tiie  slots,  and 
carrying  lound  the  point  m,  tiie  curve 
nay  be  contmuously  described.  A 
pen  or  pencil  may  be  Axed  at  m. 

4/A  Method^  Fig.  57. — Bisect  the 
transverse  axis  at     and  through  c 


S  

1     ii  iiiM^^*^^" 

Fig.  57. — Prob.  XL.  4lh  method 

draw  the  perpendicular  d  e,  making 
CD  and  CE  each  equal  to  half  the 
conjugate  axis.  From  d  or  e,  with 
the  ndhis  ac^  cot  tlie  tmasverseaxis 
at  p,  f',  for  the  foci  Divide  a  c  into 
a  number  of  parts  at  the  points  i,  2, 
3,  &C.  With  the  radius  A  i,  on  P  and 
f'  as  centres,  describe  arcs ;  and  with 
the  radius  b  i,  on  the  same  centres, 
cut  these  arcs  as  shown.  Repeat  the 
operation  for  the  other  divisions  of 
the  transverse  axis.  The  series  of 
intersecdons  thus  made  are  points  in 
the  curve,  through  which  the  curve 
may  be  traced. 

5M  Method,  Fig.  5a.— On  the  two 


Fig.  58.— Prob.  XL.  5th  method. 


axes  A  B,  D  E  as  diameters,  on  centre 
Cy  describe  circles;  from  a  number 


of  points,  <S:c.,  in  the  circumfer- 
ence APBy  draw  radii  cutting  the  in- 
ner circle  at  tf^^^',  &c  From  a^b, 
&&,  draw  perpendiculars  to  a B;  and 
from  a',  &c.,  draw  parallels  to  a  b, 
cutting  the  respective  perpendiculars 
at  «,  0^  ^z.  The  intersections  are 
points  in  the  curve,  through  which 
the  curve  may  be  traced. 

M  MOM,  Fig.  59.— When  the 
transverse  and  conjugate  diameters 


flf.  S9>— PMti^  XL.  <Ui  Bethed. 


are  given,  a  b,  c  d,  draw  the  tangent 
E  F  parallel  to  a  b.  Produce  c  d, 
and  on  the  centre  G,  with  the  radius 
of  half  A  describe  a  semidrde  hdk; 
from  the  centre  o  draw  9Xky  number 
of  straight  lines  to  the  points  e,  r, 
&c,  in  the  line  bp,  cuttmg  the  cir- 
cumference at  /,  w, «,  &c.;  from  the 
centre  o  of  the  ellipse  draw  straight 
lines  to  the  points  e,  r,  &c.,  and 
from  the  points  /,  w,  «,  &c.,  draw 
parallels  to  g  c,  cutting  the  lines  o  E, 
o  r,  &c.,  at  L,  M,  N,  &c  These  are 
points  in  the  drcumferenoe  of  the 
ellipse,  and  die  curve  may  be  traced 
through  them.  Points  in  the  other 
half  of  the  ellipse  are  formed  by  ex- 
tending the  intersecting  lines  as  indi- 
cated in  the  figure. 

Problem  XLI. —  To  describe  an 
ellipse  approximately  by  means  of  cir- 
cular arcs. — Firsty  with  arcs  of  two 
radii,  Fig.  60.— Find  die  diffmnoe 


i_.vju,^uo  Ly  Google 


oltlie  tva  aies,  andsct  il  off  Aomte 
Gcmtoe  o  to  a  mad  ^  on  oa.  ud  oc; 


Fig.  60.— Pkobb  XLI. 

draw  a  Cf  and  set  off  half  ac  to  ii; 

draw  ^  r  parallel  to  a  set  off  o  t- 
equal  to  O^,  join  f/,  and  draw  the 
parallels  e  m,  d  m.  From  w,  with 
radius  w  c,  describe  an  arc  through 
c  3  and  from  /  describe  an  arc  tlnough 
d;  from  d  and  ^describe  arcs  through 
A  and  B.  The  four  arcs  foim  the 
ellipse  approximately. 

Note. — This  method  does  not  ap- 
ply satisfactorily  when  the  conjugate 
axis  is  less  than  two-thirds  of  the 
transverse  axis. 


equal  to  ci^  and  oa  D<d4 
an  axe  widk  radios  dm;  mi  a,  witk 

radius  o  cut  dns  arc  at  a.  Thus 
the  five  centres  d,  a,  b,  h,  are  found, 
from  which  the  arcs,  are  dffiKTibed.  to 
form  the  ellipse. 

NoU. — This  process  works  well  for 
nearly  all  proportions  of  ellipses.  It 
is  emplo^ol  in  strildng  out  vaults  and 
stone  bndges. 

Problem  XLIL — To  iraw  a  itm- 


7* 


Second,  with  arcs  of  three  radii, 
Fig.  6r. — On  the  transverse  axis  a  b 
draw  the  rectangle  b  g,  on  the  height 
oc;  to  the  diagonal  a c  draw  the  per- 
pendicular G  H  D ;  set  off  o  K.  equal 
to  o  c,  and  dMcribe  a  semicircle  on 
AK,  md  pEoduce  oc  to     set  off 


Figp  6a.— ProL  XLIL 

^eni  to  an  eUipse  thrmigh  a  ^mpomt 

in  the  curve,  Fig.  62.— From  the  given 
point  T  draw  straight  lines  to  the 
foci  F,  f';  produce  f  t  beyond  the 
curve  to  c,  and  bisect  the  exterior 
angle  c  r  f,  by  the  line  t  dy  which 
is  the  tan^^ent 

Problem  XLIII. — 3>  (h'aiw  a 
tangent  to  an  ellipse  from  a  givm 
point  without  the  curve,  Fig.  63. — 
From  the  given  point  T,  with  a 
radius  to  the  nearest  focus  f,  de- 
scribe an  arc  on  the  other  focus 
'  f',  with  a  radius  equal  to  the  trans- 
verse axis,  cut  the  arc  at  k  l,  and 


Fig.  6j.-Prob.  XLIIL 

dnw  K.r',  hv^r  cutting  the  curve  at 
UyV,  ThelineiTM^TNaietaAgenta.. 


Digitizea  L7  GoOglc 


ON  THE  PARABOLA. 


17 


PROBLEMS  ON  THE  PARABOLA 

A  pambola,  dac,  Fig.  64,  is  a 
curve  such  that  every  point  in  the 
curve  is  equally  distant  from  the  ^z- 
rectrix  K  L  and  the  focus  F.  The 
focus  lies  in  the  axis  a  h  drawn  from 
the  vertex  or  head  of  the  curve  a,  so 
as  to  divide  the  figure  into  two  equal 
parts.  The  vertex  a  is  equidistant 
ficom  the  directrix  and  the  focus,  or 
A  F.  Any  line  parallel  to  the 
axis  is  a  diameter.  A  straight,  line, 
as  E  G  or  D  c,  drawn  across  the  figure 
at  right  angles  to  the  axis  is  a  double 
ordinate,  and  either  half  of  it  is  an 
ordinate.  /The  ordinate  to  the  axis 
B  F  6,  drawn  through  the  focus,  is 
•called  the  parameter  of  the  axis.  A 
■segment  of  the  axis,  reckoned  from  the 
vertex,  is  an  absciss  of  the  axis;  and 
it  is  an  absciss  of  the  ordinate  dra^^m 
from  the  base  of  the  absciss.  Thus, 
ukB  is  an  absciss  of  the  ordinate  v,  c. 

Abscisses  of  a  parabola  are  a^  Uie 
tquaies  of  their  ondinates. 

Problem  XLIV.  —  To  describe  a 
JaraMa  wAen  an  aisdss  and  Us  ordt- 
note  are  gnm;  that  is  to  saj,  ivhen 
the  height  and  breadth  are  given, 
Fig.  64. — ^Bisect  the  given  ordinate 


1 — ^ — 1 

1  ^ 

-\ — ^ 
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Fig.  64-— Ptob.  XLIV. 

£  c  at  a ;  draw  a  a,  and  then  a  b  per- 
pendicular to  it,  meeting  the  axis  at 
3.  Set  off  A  <r,  A  F,  each  equal  to  n  b; 
and  draw  k.  <r  l  perpendicular  to  the 
axis.  Then  x  l  is  the  directrix  and 
9  m      locoii  ThBoqgli  w  aad  any 


number  of  points,  Oy  0,  &c,  in  the 
axis,  .draw  double  ordipates,  man, 
&c ;  aad  on  the  centre  f,  with  the 
radii  reyOef  &c,  cut  the  respective 

ordinates  at  e,  g,  //,  &c.  The  curve 
may  be  traced  through  these  points 
as  shown. 

2i/  Method;  by  mecuis  of  a  square 
and  a  cord,  Fig.  65. — Place  a  straight- 


Fig.  65.— Probi  XLIV.  ad  method. 

edge  to  the  directrix  e  n,  and  ^yply 
to  it  a  square  leg.  Fasten  to  the 
end  G,  one  end  of  a  thread  or  cord 
equal  in  length  to  the  edge  e  g,  and 
attach  the  other  end  to  the  focus  f; 
slide  the  square  along  the  straight- 
edge, holding  the  cord  taut  against 
the  edge  of  the  square  by  a  dnu»- 
point  or  pencil  D,  by  n^iich  the  curve 
IS  described. 

^d  Method;  when  the  height  and  the 
base  are  given,  fig.  66. — Let  a  b  be 


the  given  axis,  and  c  d  a  double  ordi- 
nate or  base;  to  describe  a  parabola 
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of  which  llie  vertex  is  ftt  A.  Through 
A  draw  BP  poraUel  to  cd,  and 

through  c  and  d  draw  c  e  and  D  P 
parallel  to  the  axis.  Divide  b  c  and 
B  D  into  any  number  of  equal  parts, 
say  five,  at  <7,  &c.,  and  divide 
c  E  and  D  F  into  the  same  number  of 
puts.  Through  the  points  d 
m  die  base  cd,  on  au:h  side  of  the 
axis,  draw  perpendicuhus,  and  through 
«,  ^,  r»  i/,  in  CB  and  dp,  draw  lines  to 
the  vertex  a,  cutting  the  perpendicu- 
lars at  e,f,g,  h.  These  are  points  in 
the  parabola,  and  the  curve  cad  may 
be  traced  as  shown,  passing  through 
them. 


PROBLEMS  ON  THE  HYPERBOLA. 

The  vertices  a,  b.  Fig.  67,  of  oppo- 
site hyperbolas,  are  the  heads  of  the 
curves,  and  are  points  in  their  centre 
or  axial  lines.  The  transrcrsc  axis 
A  B  is  the  distance  between  the  ver- 
tices, of  which  the  centre  c  is  the 
centre.  The  conjugate  axis  g  h  is  a 
stia^ht  line  drawn  through  the  centre 
at  r^ht  angles  to  the  transverse  axis. 
An  ordinate  f  k  is  a  straight  line 
drawn  from  any  point  of  the  curve 
peri)endicular  to  the  axis.  The  seg- 
ments of  the  transverse  axis  a  f,  b  f, 
between  an  ordinate  f  k  and  the  ver- 
tices of  Uie  curves^  are  c^sdsses. 
The  parameter  is  the  double  ordinate 
drawn  througii  the  focus.  The 
asymptotes  are  tw  o  straight  lines,  s  s, 
R  R,  drawn  from  the  centre  through 
the  ends  of  a  tangent  ed  at  the  vertex, 
equal  and  parallel  to  the  conjugate 
axis,  and  bisected  by  the  transverse 
axis. 

The  nature  of  the  hyperbola  is  such 
that  the  difference  of  the  distances 
of  any  point  in  the  curve  from  the 
foci  is  always  the  same,  and  is  equal 
to  the  transverse  axis. 

In  a  hyperbola  the  squares  of  any 
two  oidinates  to  the  transverse  axes 
are  to  each  other  as  the  rectao^^of 
their  abscisses. 


Problbm  XLV. — 7b  deterihe  a 

Hyperbola^  the  transverse  and  conjugate 
ax€s  being  gnm^  Fig.  dy.^Draw  a  b 
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Fig.  67.-Prob.  XLV. 

equal  to  the  transverse  axis,  and  d  e 
perpendicular  to  it  and  equal  to  the 
conjugate  g  h.  On  c,  with  the  radius 
c  E,  describe  a  circle  cutting  a  b  pro- 
duced, at  f/;  these  points  are  the  foci. 
In  A  b  produced  take  any  number  of 
points  0^  0,  &C.,  with  the  radii  a  b  ^, 
and  on  centres  f,/ describe  arcs  cut- 
ting each  other  at  //,  &c.  These 
are  points  in  the  curve,  through  which 
it  may  be  traced. 

2d  Method^  Fig.  67. — The  curve 
may  be  drawn  thus: — Let  the  ends 
of  two  threads  /p  q,  f  p  q,  be  fastened 
at  the  pomts  /  f,  and  be  made  to 
pass  through  a  small  bead  or  pin  p, 
and  knotted  together  at  q.  Take 
hold  of  Q,  and  draw  the  threads  tight ; 
move  the  bead  along  the  threads,  and 
the  point  p  will  describe  the  curve. 
If  the  end  of  the  long  thread  be  fixed 
at  p,  and  the  short  thread  at  /,  the 
opposite  curve  may  be  described  in 
the  same  manner. 

Or,  the  line  /q  may  be  replaced 
by  a  straight-edge  turning  on  a  pin 
at /  and  the  cord  f  q  joined  to  it  at  Q. 
The  curve  may  then  be  described  by 
means  of  a  point  or  pencil  in  the  same 
manner  as  for  the  parabola,  Fig.  65. 

3^  Methods  when  ike  hmdtk  en. 
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hft^ht  A  B,  and  transverse  axis  kk'  of 
the  curve  are  givetif  Fig.  68. — Divide 


Fiff.  68.— Pralk  XLV.  3d  nMdMd. 

the  base  or  double  ordinate  c  D  into 
a  number  of  ctiual  j)arts  on  each  side 
of  the  axis  at  a,  ^,  *kc ;  and  divide 
tile  parallels  C  e,  d  f,  into  the  same 
number  of  equal  parts  at  a,  d,  &€. 
From  the  points  a,  fi,  &c.,  in  the  base, 
draw  lines  to  a',  and  from  the  points 
a,/f,  Szc,  in  the  verticals,  draw  lines 
to  A,  cutting  the  respective  lines  from 
the  base.  Trace  the  curve  through 
the  intersections  thus  obtained. 


THE  CYCLOID  AND  EPICYCLOID. 

Problem  XLVI. — To  describe  a 
cycloid^  Fig.  69. — When  a  wheel  or  a 
drde  doc  rolls  along  a  stzaic^t  line 


Fiff.  «».-Ptal>.  XLVI. 

A  B,  Fig.  69,  beginning  at  a  and  end- 
ing at     where  it  has  just  completed 


one  revolution,  it  measures  off  a 
straight  hne  a  b  exactly  equal  to  the 
circumference  of  the  ciide  d  g  c, 
^idi  is  called  the  generating  circle, 
and  a  point  or  pencil  fixed  at  the 
point  D  in  the  circumference  traces 
out  a  curvilinear  path  a  d  n,  called  a 
cycloid,  A  B  is  the  base^sA.  CD  is  the 
axis  of  the  cycloid. 

Place  the  generating  circle  in  the 
iddle  of  the  cycloid,  as  in  the  figure, 
draw  a  line  b  h  parallel  to  the  base, 
cutting  the  circle  at  c;  and  the  tan- 
gent H I  to  the  curve  at  the  point  h. 
Then  the  following  are  some  <rf  the 
properties  of  the  cycloid : — 

The  horizontal  line  h  g  =  arc  of  the 
circle  g  d. 

The  hal^hese  a  c  ^the  half-circum- 
ference CGD. 

The  arc  of  the  qrcloid  DHstwice 
the  chord  d  g. 

The  half-arc  of  the  cycloid  d  a  =s 
twice  the  diameter  of  the  circle  d  c 

Or,  the  whole  arc  of  the  cycloid 
A  D  B  =  four  times  the  axis  c  D. 

The  area  of  the  cycloid  a d  b  Ab 
three  times  the  area  of  the  generating 
circle  D  c 

The  tangent  h  i  is  parallel  to  the 
chord  GD. 

Problem  XLVII. — To  describe  an 


■  F%.  Ta-PMb.  XLVIL 

exterior  epicycloid^  Fig.  70. — The  epicy* 
chid  differs  from  the  cycloid  in  this, 
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that  it  is  generated  by  a  point  o  in 
one  dide  d  c  rolling  upon  the  or- 
cumferenoe  of  another  aide  a  c 

instead  of  on  a  fiat  sinfiioe  or  line ; 
the  former  being  the  generating  circle^ 
and  the  latter  the  fundamental  circU. 
The  generating  circle  is  showTi  in  four 
positions,  in  which  the  generating 
point  is  successively  marked  d,  d',  d", 
D*',    A  vf"  B  is  die  epicycloid. 

Problem  XLVIII. —  To  describe 


rig.  ys^Ptob.  XLVIIL 


an  interior  ffuycloid^  Fig.  71. — \{  the 
generating  circle  be  rolled  on  the  in- 
side of  the  fundamental  circle,  as  in 
Fig.  7 1)  it  fonns  an  mtarior  epUydoidy 
or  /lypoeyMd^  a  d'^  B,  which  becomes 
in  th»  case  nearly  a  tkraight  line.  The 
other  points  of  reference  in  the  figure 
correspond  to  those  in  Fig.  70. 
WTicn  tlie  diameter  of  the  generating 
circle  is  equal  to  half  that  of  the  fun- 
damental circle,  the  ej)icycloid  be- 
comes a  straight  line,  being  in  (act  ai 
diameter  of  the  laiger  ditle. 


THE  CATENARY. 

WTien  a  perfectly  flexible  string,  or 
a  chain  consisting  of  short  links,  is 
suspended  from  two  points  m,  n.  Fig. 
73,  it  is  stretched  by  its  own  weight, 
and  it  fonns  a  curve  line  known  as 
the  catenary,  m  c  n.  The  point  c, 
where  the  catenary  is  horizontal,  is 
the  vertex. 

Problem  XLIX. — To  describe  a 


catenary^  Fig.  72. — Draw  the  vertical 
c  G  equal  to  the  length  of  the  arc  of  the 

chain,  m  c,  on  one  side  of  the  vertex, 

and  divide  it  into  a  great  number  of 
equal  parts,at  ( i ),  (2),  (3),\:r.  I ) raw  the 
horizontal  line  c  h  equal  to  the  length 
of  so  much  of  the  rojje  or  chain  as 
measures  by  its  weight  the  horizontal 
tension  of  the  chain.  From  the  point 
c  as  the  vertex,  set  off  c  (i)  on  the 
horizontal  line  equal  to  c  i  on  the 
vertical;  and  (i)  (2)  from  the  point 
(i),  parallel  to  h  i  and  equal  to  c(i); 
and  again  (2)  (3)  from  the  point  (2) 
parallel  to  h  2  and  equal  to  c  (i); 
and  so  on  till  the  last  segment  (6)  m 
is  drawn  parallel  to  h  c.  The  poly- 
gon c  (i)  (2)  (3) .  .  .  M,  thus  fonned, 
is  appnadmatdy  the  catenary  curves 
which  may  be  traced  through  the 
middle  points  of  the  sides  of  the 
polygon.  A  similar  process  being 
performed  for  the  other  side  of  the 
curve,  the  catenaiy  is  completed. 


F«g.  73.— Prob.  XLIX. 


2d  Method.  —  Suspend  a  finely 
linked  chain  against  a  vertical  wall. 
The  curve  majr  be  traced  from  it,  on 
the  wall,  answering  the  conditions  of 
given  length  and  height,  or  of  given 
width  or  length  of  arc.  A  cord  having 
numerous  equal  weights  suspended 
from  it  at  short  and  equal  distances 
may  be  used. 
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CIRCLE& 

The  circumference  of  a  circle  is  commonly  signified  in  mathematical 
discussions  by  the  symbol  ir»  which  indicates  the  length  of  the  circumfer- 
ence when  the  diameter  =  i. 

The  area  of  a  circle  is  as  the  square  of  the  diameter,  or  the  square  of  the 
circumference. 

The  ratio  of  the  diameter  to  the  circumference  is     as  i  to  3 '141 593 — 


commonly  abbreviated,  »  as  i  to  3"i4i6 

approximately,  as  i  to  3^ 

or  as  7  to  S3 

When  the  diameter  =  i,  the  area  is  equal  to  '7^539^  + 

or,  commonly  abbreviated,  7^54 

approximately,  «  -fths. 

When  the  circumference  *»  i,  the  area  is  equal  to  'o79577  + 

or,  abbreviated,  '0796 

approximately,  s^ths,  or  'oS. 


In  these  ratios,  the  diameter  and  the  circumference  are  taken  lineally, 

and  the  area  superficially.    So  that  if  the  diameter  =  i  foot,  the  cb:cump 

ference  is  ecjual  to  3'i4i6  feet,  and  the  area  is  equal  to  7854  square  foot 
jVo/t'. — If  the  first  three  odd  figures,  1,3,  5,  be  each  ])ut  down  twice,  the 
first  three  of  these  will  be  to  the  last  three,  that  is  113  is  to  355,  as  the 
diameter  to  the  circumlcrenu;. 


PLANE  TRIGONOMETRY. 


The  circumference  of  a  circle  is  supposed  to  be  divided  into  360  degrees 
or  divisions,  and  as  the  total  angularity  about  the  centre  is  equal  to  four  right 
angles,  each  right  angle  contains  90  degrees,  or  90°,  and  half  a  right  angle 


V  co-tafiffent 
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contains  45°.  Each  degree  is  divided  into  60  minutes,  or  60';  and.  for  the 
sake  of  still  further  minuteness  of  measurement,  each  minute  is  divided  into 
60  seconds,  or  60'.   In  a  whole  circle  there  are,  therefore,  360  x  60  x  60s 
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1,296,000  seconds.  The  annexed  diagram.  Fig.  73,  exemplifies  the  rela- 
tive positions  of  the  sine^  cosine,  vened  sine^  tangent,  co-tangent,  secant, 
and  co-secant  of  an  angle.  It  may  be  stated,  genmlly,  that  the  oorrelatied 
quantities,  namely,  the  cosine,  co-tangent,  and  co-secant  of  an  angle,  are 

the  sine,  tangent,  and  secant,  respectively,  of  the  complement  of  the  given 
angle,  the  complement  being  the  dift'erence  between  the  given  angle  and  a 
right  angle.  The  supplement  of  an  angle  is  the  amount  by  which  it  is 
less  than  two  right  angles. 

When  the  sines  and  cosines  of  angles  have  been  calculated  (by  means  of 
formulas  which  it  is  not  necessary  here  to  particularise),  the  tangents,  co-tan- 
gents, secants,  and  co-«ecant8  are  deduced  from  them  according  to  the 
following  relations: — 

rad  X  sin.  rad.^  rad.'-^  rad.' 

tan.  a  ;  cotan.  m  — ;      sec  ;'cosec.  ■»  • 

COS.  tan.  cos.  sin. 

For  these  the  values  will  be  amplified  in  tabular  form. 

A  triangle  consists  of  three  sides  and  three  angles.  When  any  three 
of  these  are  given,  including  a  side,  the  other  three  may  be  found  by  cal- 
culation:— 

Case  i. — fVAen  a  side  and  its  opposite  angle  are  fu»  rftJieghun parts. 

Rule  i.  To fnd a  side^  work  the  following  proportion: — 
as  the  sme  of  the  angle  opposite  the  given  skie 
is  to  the  sine  of  the  angle  opposite  the  required  side^ 
so  is  the  given  side 
to  the  required  side. 

Rule  a.  lb fnd  an  angle: — 

as  the  side  opposite  to  the  given  angle 
is  to  the  side  opposite  to  the  required  angle, 
so  is  the  sine  of  the  given  angle 
to  the  sine  of  the  required  angle. 

Rule  3.  In  a  right-angiai  triangle^  when  the  angles  and  one  side  next  the 
right  angle  aregiven^  to  find  the  other  side: — 
as  radius 

is  to  the  tai^gent  of  the  angle  adjacent  to  the  given  side^ 
so  is  this  side 
to  the  other  side. 

Case  a. — Whm  two  sides  and  the  included  astgfe  are  given. 

Rule  4.  Ta  find  the  other  side,^ — 
as  the  sum  of  the  two  given  sides 

is  to  their  difference, 

so  is  the  tangent  of  half  the  sum  of  their  opposite  angles 

to  the  tangent  of  half  their  difference — 
add  this  half  difference  to  the  half  sum,  to  find  the  greater  angle;  and 
subtract  the  half  diflference  from  the  half  sum,  to  find  the  less  angle.  The 
other  side  may  then  be  found  by  Rule  i. 

Rule  5.  When  the  sides  ef  a  right-angled  irian^  etre  given^  to  find  the 
angles.-^ 
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as  one  side 

is  to  the  other  side, 

sois  ^  ndiuf 

to  the  tangent  of  the  angle  adjacent  to  die  first  skSc 
Case  3. — When  the  three  sides  anghm. 

Rule  6.  T0  find  an  a^gle.  Subtract  the  sum  of  the  logarithms  of  the 
sides  which  contain  the  required  an§^  firom  20;  to  the  renninder  add  the 
logarithm  of  half  the  sum  of  the  thiee  sides,  and  that  of  the  difference 
between  this  half  sum  and  the  side  opposite  to  the  required  angle.  Half 
the  sum  of  these  three  logarithms  will  be  the  logarithmic  cosine  of  half  the 
required  angle.    The  other  angles  may  be  found  by  Rule  i. 

Rule  7.  Subtract  the  sum  of  the  logarithms  of  the  two  sides  which  con- 
tain the  required  angle,  from  20,  and  to  the  remainder  add  the  logarithms 
of  the  differences  between  tliese  two  sides  and  half  the  sum  of  the  three 
sides.  Half  the  result  will  be  the  logarithmic  sine  of  half  the  required 
angle. 

— In  all  ordinary  cases  either  of  these  rules  gives  sufficiently  accur- 
ate results.  It  is  recommended  that  Rule  6  should  be  used  when  the 
lequiied  an^e  exceeds  90^;  and  Rule  7  when  it  is  less  than  90°. 


MENSURATION  OF  SURFACES. 

To  find  the  area  of  a  paraildo^am.  Multiply  the  length  by  the  height,  or 
perpendicular  breadth. 

Or,  multiply  the  product  of  two  contiguous  sides  by  the  natural  sine 
of  the  included  an^ 

To  find  the  area  ef  a  tnangle.  Multiply  the  base  by  die  perpendicular 
height,  and  take  half  the  product 

Or,  multiply  half  the  product  of  two  contiguous  sides  by  the  natural 
sine  of  the  included  angle. 

•  To  find  the  area  of  a  trapezoid.  Multiply  half  the  sum  of  Uie  parallel 
sides  by  the  perpendicular  distance  between  them. 

To  find  the  area  of  a  quadrilateral  inscribed  in  a  circle.  From  half  the 
sum  of  the  four  sides  subtract  each  side  severally;  multiply  the  four  re- 
mainders together;  the  square  root  of  the  product  is  the  area. 

To  find  the  arm  of  any  quadrilateral  figure.  Divide  the  quadrilateral  into 
two  triangles;  the  sum  of  the  areas  of  the  triangles  is  the  area. 

Or,  multiply  half  the  product  of  the  two  diagonals  by  the  natural  sine  of 
tiie  angle  at  theur  intersection. 

Note. — ^As  the  diagonals  of  a  square  and  a  ifaombus  intefsect  at  ri^  angles 
(the  natural  sme  of  which  is  half  die  product  of  diehr  diagonals  is  the 
area. 

To  find  the  area  of  at^ polygon.  Divide  the  polygon  into  triangles  and 
trapezoids  by  drawing  diagonals ;  find  the  areas  of  these  as  aboye  shown, 

for  the  area. 

To  find  the  area  of  a  regular  polygon.    Multiply  half  the  perimeter  of  the 
polygon  by  the  perpendicular  drawn  from  the  centre  to  one  of  the  sides. 
Note, — To  find  the  perpendicular  when  the  side  is  given — 


Digitized  by  Google 


24 


GEOMETRICAL  PROBLEMS. 


as  radius 

to  tangent  of  haif-ai^le  at  perimeter  (see  table  Na  iX 

so  is  &!{  length  of  side 
to  perpendicular. 
Or,  multiply  the  square  of  a  side  of  any  Kgutar  poljrgon  by  the 
ponding  area  in  the  following  table: — 


Table  No.  i. — ANGLts  and  Areas  ot  Regular  Polygons, 


Name. 


Equilateral  triangle,  

Square,  

Peatag^  

Hexagon,  

Heptagon,  

Oct^on,  

Nonagon  

Decagon,  

Undecagon,  

Dodecagon,  ..«•..•.; 


Nmbcr 

of 
Sides. 


3 
4 

5 
6 

7 

8 

9 

lO 

II 
12 


Oaehalf 

Angle  at  the 
Perimeter. 


30^ 

60" 
64'? 

73\V 
75^ 


Area. 
(Side=i) 


04330 

1*0000 

17205 
2-5981 

3*6339 
4-8284 

6I8I8 

76942 

93656 

111962 


Perpeodi- 

cular. 
(Side  =  I) 


0-  2887 
0*5000 
0*6882 
o*866o 
i'0383 

I'2071 

1*3737 

1-  5388 
1-7028 

i'S66o 


To  find  the  circumference  of  a  circle.    Multi])ly  the  diameter  by  3-1416. 
Or,  multiply  the  area  by  12*5664;  the  square  root  of  the  produa  is  the 

circumference. 

To  find  the  diameter  of  a  circle.    Divide  the  circumference  by  3*1416. 
Or,  multiply  the  circumference  by  '3183. 

.Or,  divide  the  area  by  7854;  the  square  root  of  the  quotient  is  the 
diameter. 

Teftidtheanaofacirde,   Mukipfy  the  square  of  the  diameter  by  7854. 
Or,  multiply  the  circumference  by  one-fourth  of  the  diameter. 
Or,  multiply  the  square  of  the  circumference  by  '07958. 

To  find  the  length  of  an  arc  of  a  drtU,    Multiply  the  number  of  degrees 

in  the  arc  by  the  radius,  and  by  '01745. 

Or,  the  length  may  be  found  nearly,  by  subtracting  the  chord  of  the  whole 
arc  from  eight  times  the  chord  of  half  the  arc,  and  taking  one-third  of  the 

remainder. 

To  find  the  area  of  a  sector  of  a  drcU,    Multiply  half  the  length  of  the 

arc  of  the  sector  by  the  radius. 

Or,  multiply  the  number  of  degrees  in  the  arc  by  the  square  of  the  radiu8|> 
and  by  -008727. 

To  find  the  area  of  a  sei^ment  of  a  circle.    Find  the  area  of  the  sector 
which  has  the  same  arc  as  the  segment;  also  the  area  of  the  triangle 
formed  by  the  radial  sides  of  the  sector  and  the  chord  of  the  arc; 
difference  or  the  sum  of  these  areas  will  be  the  area  of  the  segment,  ac- 
cording as  it  is  less  or  greater  than  a  semiciiclc. 

To  find  the  area  of  a  ring  mehuki  bttoftm  the  drcmnfermtet  of  two  sm- 
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€mirkmrde$*  Multiply  the  sum  of  the  diametcn  by  their  difference,  and 
by  7854. 

Ih  find  the  area  of  a  cydoid.  Multiply  the  area  of  the  genenitin£f  drde 
by  3. 

To  find  the  length  of  m  arc  of  a  parabola,  ctU  off  by  a  doubk  erdmate 
to  the  axis.    To  the  square  of  the  ordinate  add  four-fifths  of  the  sqone  Of 

Ae  absciss ;  twice  the  square  root  of  the  sum  is  the  length  nearly. 

Not€\ — This  rule  is  an  approximation  which  applies  to  those  cases  only 
in  which  the  absciss  does  not  exceed  half  the  ordinate. 

To  find  the  area  of  a  parabola.  Multiply  the  base  by  the  height;  two- 
thirds  of  the  produri  is  the  area. 

To  find  tJu  circumjcrcme  of  an  ellipse.  Multiply  the  square  root  of  half  die 
sum  of  the  squares  of  the  two  axes  by  3*1416. 

To  find  the  area  of  an  ellipse.   Multiply  the  product  of  the  two  axes  by 

•7854. 

Noie. — The  area  of  an  ellipse  is  equal  to  the  area  of  a  drde  of  whidi 
the  diameter  is  a  mean  proportional  between  the  two  axes. 

To  find  the  area  of  an  elliptic  segment,  the  base  of  which  is  parallel  to 
either  axis  of  the  ellipse.    Divide  the  height  of  the  segment  by  the  axis  of 
which  it  is  a  part,  and  find  the  area  of  a  circular  setj;ment,  by  table  No. 
VIT.,  of  which  the  height  is  equal  to  this  quotient;  multii)ly  the  area  thus 
found  by  the  two  axes  of  the  ellipse  successively;  the  i)roduct  is  the  area. 

To  find  the  len^^th  of  an  arc  of  a  hyperbola,  beginning  at  the  vertex.  To 
19  times  the  transverse  axis  add  21  times  the  parameter  to  this  axis,  and 
multiply  the  sum  by  the  quotient  of  the  absciss  divided  by  die  transverse, 
ad.  To  9  times  the  transverse  add  ai  times  the  parameter,  and  multiply  the 
sum  by  the  quotient  of  the  absdss  divided  by  the  transverse.  3d.  To 
eadi  of  these  products  add  15  times  the  parameter,  and  then 

as  the  latter  sum 

is  to  the  former  sum, 

so  is  the  ordinate 

to  the  length  of  the  arc,  nearly. 
To  find  the  area  of  a  hyperbola.  To  the  product  of  the  transverse  and 
absciss  add  five-sevenths  of  die  sc^uare  of  die  absciss,  and  multiply  the  square 
root  of  the  sum  by  21;  to  diis  product  add  4  times  the  square  toot  of 
the  product  of  the  transverse  and  absciss;  multiply  the  sum  by  4  times  the 
TOoduct  of  the  conjugate  and  absdss,  and  divide  by  75  times  the  transverse. 
The  quotient  is  the  area  nearly. 

To  find  the  area  of  any  ain'ilineaJl  figure^ 
boutuitdat  the  ends  by  parallel  straight  lines. 
Fig.  74.  Divide  the  length  of  the  figure 
ab  into  any  e\en  number  of  equal  ])arts, 
and  draw  ordinates  c,  d,  e,  <Scc.,  through  the 
points  of  division,  to  touch  the  boondafy 
Ihies.  Add  together  the  first  and  l»t 
ovdinates  {c  and  k),  and  call  the  sum  a; 
add  together  the  ev«n  ordfantes  (that  is, 
d,f  h,J),  and  call  the  sum  b;  add  together 

the  odd  ordinates,  excei)t  the  first  and  last  i),  and  call  the  sum  C  Let 
D  be  the  common  distance  of  the  ordinates,  then 
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^  ■      ^  '  X  D  «  area  of  %ure. 

This  is  known  as  Simpson's  Rule. 

2d  Method^  Fig.  74. — Having  divided  the  figure  into  an  even  or  an  odd 
number  of  equal  parts,  add  together  the  first  and  last  ordinates,  making 
the  sum  a;  and  add  together  all  the  intermediate  ordinates,  making  the 
sura  B.  Let  L  «  the  length  of  the  hgure,  and  »  the  number  of  divisions, 
then 


That  is  to  say,  twice  the  sum  of  the  intermediate  ordinates,  plus  the  first 
and  last  ordinates,  divided  by  twice  the  number  of  divisionSi  and  multi- 
plied by  the  length,  is  equal  to  the  area  of  the  figure. 

This  method  is  that  commonly  used;  it  is  sufiiciently  near  to  exactness 

for  most  purposes. 

3^/  Method^  Fig.  74. — Having  divided  the  figure  as  above,  measure  by  a 
scale  the  mean  depth  of  each  division,  at  the  middle  of  the  division;  add 
together  the  depths  of  all  the  divisions,  and  divide  the  sum  by  the  number 
of  divisions,  for  the  average  depth ;  multiply  the  average  depth  by  the  length, 

which  gives  the  area. 

For  the  sake  of  obtaining  a  more  nearly  exact  result,  the ,  figure  may  be 
divided  into  two  half-parts,  Cyk^  Fig.  75,  one  at  each  end,  and  a  number 
of  whole  equal  parts,  d^e./.g^h^ij^  intermediately.  Then  the  ordinates 
separating  these  parts,  excluding  the  extreme  ordinates,  may  be  measured 


f%.75.  For  km,  <f  Culliwl  Fitawfc  FIf.|<k 


direct,  and  the  sum  of  the  measurements  divided  by  the  number  of  them, 
and  multiplied  by  the  length,  for  the  area. 

Note. — In  dealing  with  figures  of  excessively  irregular  outline,  as  in  Fig. 
76,  representing  an  indicator  diagram  from  a  steam-engine,  mean  lines,  a  by 
cdy  may  be  substituted  for  the  actual  lines,  being  so  traced  as  to  intersect 
the  undulations,  so  that  die  total  area  of  ^  spaces  cut  off  may  be  com- 
pensated by  that  of  the  extm  spaces  indosed. 

Note  2. — ^The  figures  have  been  supposed  to  be  bounded  at  the  ends  by 
parallel  planes.  But  they  may  be  tenninated  by  curves  or  angles,  as  In 
Figi  76,  at  ^,  when  the  extreme  ordinates  become  nothing. 
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MBMStlRATION  OF  SOUDS. 

IbJM  ike  smface  of  a  prism  or  a  eyHmUr,  The  perimeter  of  the  end 
multiplied  by  the  height  gives  the  upright  nn&oe;  add  twice  the  area  of 
an  end. 

To  find  tJie  cubic  contefUs    a  frim  or  a  ^Under,   Multiply  the  area  of 

the  base  by  the  height 

To  find  the  surface  of  a  pyramid  or  a  cone.  Multiply  the  perimeter  of  the 
base  by  half  the  slant  height,  and  add  the  area  of  the  base. 

To  find  ih€  cubic  contenis  of  a  pyramid  or  a  cone.  Multiply  the  area  of 
the  base  by  one-third  of  the  peipendicular  height 

To  find  ike  swfauef  m  fruttum  of  a  pyramid  or  a  cone. — Multiply  the 
sum  of  the  perimeten  of  the  ends  by  half  the  slant  height,  and  add  the 

areas  of  the  ends. 

To  find  the  cubic  contents  of  a  frustum  of  a  pyramid,  or  a  cone. — Add 
together  the  areas  of  the  two  ends,  and  the  mean  proportional  between  them 
(that  is,  the  square  root  of  their  product),  and  multiply  the  sum  by  one-third 
of  the  perpendicular  height 

Or,  when  the  ends  are  drdefl^  add  together  the  square  of  each  diameter, 
and  the  product  of  the  diametcs%  and  multiply  the  sum  by  7854,  and  by 
one-third  of  the  height 

To  find  the  cubic  contenis  of  a  wedge.^To  twice  the  length  of  the  base 
add  the  length  of  the  edge;  multiply  the  sum  by  the  breadth  of  the  base, 
and  by  one-sixth  of  the  height 

To  find  the  cubic  contents  of  a  prismoid  (a  solid  of  which  the  tivo  ends  are  UU' 
equal  but  parallel  plane  figures  of  the  same  number  of  sides). — To  the  sura 
of  the  areas  of  the  two  ends,  add  four  times  the  area  of  a  section  parallel  to 
and  equally  distant  from  both  ends ;  and  multiply  the  sum  by  one-sixth  of 
the  length. 

Note. — ^This  rule  gives  die  true  content  of  all  frustums,  and  of  all  solids 
of  which  the  parallel  sections  are  similar  ^gures;  and  is  a  good  i^proxima- 
tioo  for  other  kinds  of  areas  and  solidities. 

7b  find  ihi  swfaee  of  a  s^iare, — ^Multiply  the  square  of  the  diameter  by 

Note. — The  suxfaoe  of  a  sphere  is  equal  to  4  times  the  area  of  one  of  its 

great  circles. 

2.  The  surface  of  a  sphere  is  equal  to  the  convex  siuface  of  its  circum- 
scribing cylinder. 

3.  "nie  surfaces  of  spheres  are  to  one  another  as  the  squares  of  tfieir 
diameteri. 

lb  find  the  atrve  surface  of  anjf  sqpneni  w  gone  of  a  jf;f^A«rv;— -Multiply  the 
diameter  of  the  sphere  by  the  h^ht  of  the  zone  or  segment,  and  by  3'X4i6. 
Noie, — ^The  curve  surfaces  of  segments  or  zones  of  the  same  sphere  are 

Id  one  another  as  their  heights. 

To  find  ihe  cubic  contenis  a  sphere, — ^Multiply  the  cube  of  the  diameter 
by  '5236. 

Ot,  multiply  the  surface  by  one-sixth  of  the  diameter. 
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NeU. — The  contents  of  a  spheie  are  two-diiids  of  the  contents  of  its 
dicumscribing  cylinder. 
3.  The  contents  of  qplieres  are  to  one  another  as  the  cubes  of  their 

diameters. 

To  find  the  cubic  contents  of  a  segment  of  a  sphere. — From  3  times  the 
diameter  of  the  sphere  subtract  twice  the  height  of  the  segment;  mult^j 

the  difference  by  the  s(]iiare  of  the  height,  and  by  '5236. 

Or,  to  3  times  the  s(juare  of  the  radius  of  the  base  of  the  segment,  add 
the  sijuare  of  its  licight;  and  multiply  the  sum  by  the  height,  and  by  "5236. 

To  Jin  J  the  cubic  contaits  of  a  frustum  or  zone  of  a  sphere. — To  the  sum 
of  the  squares  of  the  radii  of  the  ends  add  ^  of  the  square  of  the  height; 
multiply  the  sum  by  the  height^  and  by  i  5708. 

To  find  the  euMc  mitmts  of  a  sphewd, — ^Multiply  the  square  of  the  le* 
volving  axis  by  the  fixed  axis  and  by  '5236. 
Ncie, — ^llie  contents  of  a  spheroid  are  two-thirds  of  the  contents  of  its 

circumscribing  cylinder. 

2.  If  the  fixed  and  revolving  axes  of  an  oblate  spheroid  be  equal  to  the 
revolving  and  fixed  axes  of  an  oblong  sj-)hcroid  respectively,  the  contents  of 
the  oblate  are  to  those  of  the  oblong  sjjheroid  as  the  greater  to  the  less  axis. 

To  find  the  aibic  contents  of  a  segment  of  a  spheroid. — ist.  \VTien  the  base 
is  parallel  to  the  revolving  axis.  Multiply  the  difference  between  thrice  the 
fixed  axis  and  double  the  height  of  the  segment,  by  the  square  of  the  height^ 
and  the  product  by  5236.  Then, 

as  the  square  of  the  fixed  axis 

is  to  the  square  of  the  reTolvmg  axis, 

so  is  the  last  pnxUu  t 

to  the  content  of  the  segment. 
2(1.  When  the  base  is  perpendicular  to  the  revolving  axis.    Multiply  the 
difference  between  tlince  the  revolving  axis  and  double  the  height  of  the 
segment,  by  the  square  of  the  height,  and  tlie  product  by  '5236.  Then, 

as  tiie  levoMng  axis 

is  to  fiife  fixed  axis, 

so  is  the  hut  pioduct 

to  the  content  of  the  segment 

To  find  the  soiidity  of  the  middle  frustum  of  a  spheroid. — ist.  When  the 
ends  are  circular,  or  parallel  to  the  revolving  axis.  To  twice  the  square  of 
the  middle  diameter,  add  the  scjuare  of  the  diameter  of  one  end;  multiply 
the  sum  by  the  length  of  the  tru&tum,  and  the  product  by  '2618  for  the 
content 

ad.  When  the  ends  are  elliptical,  or  perpendicular  to  the  rerolvffng  axis. 
To  twice  the  product  of  the  transverse  and  conjugate  diameters  of  the  middle 
section,  add  the  product  of  the  transverse  and  conjugate  diameters  of  one 
end;  multiply  the  sum  by  the  length  of  the  frustum,  and  by  '2618  for  the 

content 

7o  find  tlu  cubic  contents  eif  a  pamMic  mmd,'^-^\jXtx^y  the  area  of  the 
base  by  half  the  height 

Or,  multiply  the  square  of  the  diameter  of  the  base  by  the  height,  and 
by  •3927- 

To  find  the  cubic  contents  of  a  frustum  of  a  parabolic  conoid. — Multiply^ 
half  the  sum  of  the  areas  of  Uie  two  ends  by  the  lieight  of  Uie  frustum. 
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Or,  multiply  the  sum  of  the  sqiuoes  of  the  diameters  of  the  two  ends  by 
the  height,  and  by  '3927. 

To  find  the  aibic  contents  of  a  parabolic  spindle. — Multiply  the  square  of  the 
middle  diameter  by  the  length,  and  by  '41888. 

To  find  the  cubic  contents  of  the  middle  frustum  of  a  parabolic  spifidle. — 
Add  together  8  times  the  square  of  the  largest  diameter,  3  times  the  square 
of  diameter  at  the  ends,  and  4  times  the  product  of  the  diameters; 
mnhiply  the  sam  by  the  length  of  fhe  frustum,  and  by  '05236. 

Tt  find  the  surface  a$td  iheatbk  cmtentsof  any  of  the  Jive  rigtdar  solids,  Figs. 


Fig.  77.  Fig.  78.  Fig.  79.  Fig.  80.  Fig.  8x. 


77,  78,  79,  80,  81. — For  the  surface,  multiply  the  tabular  area  below,  by  the 
square  of  the  edge  of  the  solid. 

For  cooteDtSi  moltiply  the  tsbidar  contents  below,  by  the  cube  of  the 
given  edge. 

Nate, — A  regular  solid  is  bounded  by  similar  and  regular  plane  figures. 
There  are  five  regular  solids,  shown  by  Figs.  77  to  81,  namel3r: — 

The  tetrahedron^  bounded  by  four  equilateral  triangles. 

The  hexahedron,  or  cube,  bounded  by  six  S(]uares. 

The  oUaJudron^  bounded  by  eight  equilateral  triangles. 

The  dodteahedrou^bQMDA/eA  by  twdye  pentagons. 

The  ieosakedrottj  bounded  by  twenty  equilateral  trian^es. 

Hegular  soHds  may  be  ciiaunsciflied  by  spheres;  and  spheres  may  be 
imcnbed  in  rogokur  8olid& 

« 

Surfaces  and  Cubic  Contents  of  Regular  Solids. 


Number 
of  sides. 

Name. 

Area. 

CONTBNTS. 

£dge=i. 

4 

Tetrahedron  

, — .  

17320 

o'l  1 78 

6 '0000 

I  "0000 

8 

04714 

It 

20-6458 

so 

8*6603 

2*1817 

To  find  the  asdic  amients  of  cm  im^gulnr  mUd — Suppose  it  divided  into 
parts,  jwembli^g  prison  or  ofiier  bodies  measurable  by  preceding  rules;  find 
fhe  content  of  each  part;  the  sum  of  Ae  camenla  is  uie  cubic  contents  of 

fhe  solid 

^ote. — The  content  of  a  small  part  is  found  nearly  by  multipl)nng  half 
fhe  sum  of  the  areas  of  each  end  by  .the  poi^pendiculsr  distance  between 
them.  .  . 
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Or,  the  coDtents  of  small  irregular  solids  ma^  sometiiiies  be  found  by  tm- 
mening  them  mider  water  in  a  prismatic  or  qrhndrical  vessel,  and  obsoving 
the  amount  by  which  the  iem  of  the  water  descends  when  the  solid  is 
withdrawn.  The  sectional  area  of  the  vessel  being  multiplied  by  the  descent 

of  the  level,  gives  the  cubic  contents. 

Or,  when  the  solid  is  very  large,  and  a  great  degree  of  accuracy  is  not 
requisite,  measure  its  length,  breadth,  and  depth  in  several  different  places, 
and  take  the  mean  of  the  measurement  for  each  dimension,  and  multiply 
the  three  means  together. 

Or,  when  the  suiiace  of  the  solid  is  very  extensive,  it  is  better  to  divide 
it  into  triangles,  to  find  the  area  of  each  triangle,  and  to  multiply  it  by  the 
mean  depth  of  the  triangle  for  the  contents  of  each  triangular  portion;  the 
contents  of  the  triangular  sections  are  to  be  added  together. 

The  mean  depth  of  a  triangular  section  is  obtained  by  measuring  the 
depth  at  each  angle,  adding  together  the  three  measurements,  and  taking 
one-third  of  the  sum. 


MENSURATION  OF  HEIGHTS  AND  DISTANCES. 

To  find  the  height  of  an  accessible  object. — Measure  the  distance  from  the 
base  of  the  object  to  any  convenient  station  on  the  same  horizontal  plane; 
and  at  this  station  take  the  angle  of  altitude.    '1  hen 
as  radius 

.to  tangent  of  the  angle  of  altitude, 
so  is  £e  horizontal  distance 

to  the  height  of  the  object  above  the  horizontal  plane  passing 
through  the  eye  of  the  observer.  Add  the  height  of  the  eye,  and  the  sum 
is  the  height  of  the  object. 

Note. — The  station  should  be  chosen  so  that  the  angle  of  altitude  should 
be  as  near  to  45°  as  practicable ;  because  the  nearer  to  45°,  the  less  is  the 
error  in  altitude  arising  from  error  of  observatiop. 

When  the  angle  of  elevation  is  45^  the  height  above  the  plane  of  the 
eye  is  equal  to  the  distance.  When  it  is  36*  34',  die  height  is  half  the  dis- 
tance. 

To  find  tJ^prosdmatdy  the  height  of  an  accessible  object. — There  are  four 

methods  based  on  the  principle  of  similar  triangles. 

I  St.  By  a  geometrical  square,  Fig.  82. — This  is  a 
square,  ab,  with  two  sights  on  one  of  its  sides,  an, 
a  plumb-line  hung  from  one  extremity,  //,  of  that 
side,  and  each  of  the  two  sides  opposite  to  that 
extremity,  mbjma^  divided  into  100  equal  parts; 
the  division  beginning  at  Uie  remote  ends,  so  that 
the  1 00th  divisions  meet  at  the  comer  m.  Let  re 
be  the  object,  and  the  sights  be  directed  to  the 
summit  e,  at  the  known  distance  ad.  When  the 
Fig.  8».-MajMinaion  of  a     plummet  cuts  the  side  b  m  at,  say,  c,  then  by  similar 

triangles,  n  b  \  h  c  .  \  a  d .  d  e.  Or,  if  the  plumb-line 
cuts  the  side  a  //;,  then  the  part  of  a  m  cut  off  is  to  ^  «  : :  ad  \de.  Adding 
to  d€  the  height  of  the  eye      the  sum  is  the  height  of  the  object,  re. 
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2d.  By  shadows,  Fig.  83. — When  the  sun  shines,  fix  a  pole  be  \n  the 
ground,  vertically,  and  measure  its  shadow  a  b.  Measure  also  the  shadow  de 


Fig.  83.  Menmntioa  of  a  Hd^t.  Fig.  84. 

of  the  object  #  m\  then,  by  similar  triangles,  ab'.bc'.:de.em,\hQ  height  of 
the  object 

3d.  By  rtfleOiomf  Fig.  84. — Place  a  basin  of  water,  or  any  horiiontal 

reflecting  surface,  at  0,  level  with  the  base  of  the  object  de^  and  retire  fiom 

it  till  the  eye  at  c  sees  the  top  of  the  object  ^, 
in  the  centre  of  the  basin  at  a.  Then,  by  similar 
triangles,  a  b  :  b  c  wad  \d  e. 

4th.  By  tiuo poles ^  Fig.  85. — Fix  two  poles  a  w, 
cn^  of  unequal  lengths,  parallel  to  the  object  er, 
80  that  the  eye  of  the  observer  at  a,  the  top  of 
the  shorter  pole,  may  see  the  top  of  the  longer 
pole,  in  a  line  with  e,  the  summit  of  the  object  re. 
By  similar  triangles,  <7  ^  :be:\ad:  de;  and  adding 
r  d,  the  height  of  the  eye,  to      the  sum     is  the 

height  of  the  object.  ^S-  Mcnwrotionofa 

To  find  the  distance  of  the  visible  horizon. — To 
half  the  logarithm  of  the  height  of  the  eye,  add  3*8105;  the  sum  is  the 
logpzithm  of  the  distance  in  feet,  nearly. 

To  find  the  distance  of  an  object  by  the  motion  of  sound, — Multiply  the 
number  of  seconds  that  elapse  between  the  flash  or  other  sign  of  the  gene- 
ration of  the  sound  and  the  arrival  of  the  sound  to  the  ear,  by  iiao.  The 
product  is  the  distance  in  feet. 

A<'/c-. — When  a  sound  generated  near  the  ear  returns  as  an  echo,  half  the 
interval  of  time  is  to  be  taken,  to  find  the  distance  of  the  reflecting  surface. 
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MATHEMATICAL  TABLES. 

Table  No.  I. — Of  Logarithms  of  Numb£rs  from  i  to  10,000. 

Logarithms  consist  of  integers  and  decimals;  but,  for  tlic  sake  of  com- 
pactness, the  integers  have  been  omitted  in  the  table,  excej^  in  the  short 
preliminary  section  containing  the  complete  logarithms  of  numbers  from  i  to 
100.  The  table  No.  I.  contains  the  decimal  i>arts»  to  six  places,  of  the  loga- 
rithiiis  of  attmbefs  fiom  i  to  zo,ooa  The  iail^ery  or  index,  or  chsiader* 
istic  of  a  logarithm,  standing  on  the  left-hand  side  of  the  decimal  point,  is 
■a  number  less  by  x  timn  &e  number  of  figures  or  places  in  the  integer 
of  the  number.  Tf  a  number  contains  both  intei^ers  and  decimals,  the 
index  is  regulated  according  to  the  integers.  If  it  contain  only  decimals, 
the  index  is  equal  to  the  number  of  cyphers  next  the  decimal  point,  plus  i; 
moreover,  the  index  is  negative,  and  is  so  distinguished  by  the  sign  inmus, 
— ,  written  over  it 

For  example,  to  fllustiate  the  adjustment  of  the  integer  of  the  logMithm 
to  the  composition  of  the  ]Mimber:-<* 

Number.  Logarithm. 

4743  3676053 

474.3  2.676053 

47.43  1.O76053 

4-743  0.676053 

.4743  -2.676053 

.04743  2-676053 

.004743  3676053 

Still  more  for  the  sake  of  compactness,  the  first  two  figures  of  the  loga- 
xkhms  axe  given  only  at  the  bqpnmx^  of  each  line  of  logarithms,  to  save 
lepetkioDy  only  the  - remaining  four  decimal  places  being  ^ven  for  each 
logarithm.    In  seeking  for  a  logarithm,  the  eye  readily  takes  m  the  prefixed 

two  digits  at  the  commencement  of  each  line. 

Rules. — To  find  the  logarithm  of  a  number  containing  one  or  two  digits, 
look  for  the  number  in  the  preliminary  tablet  in  one  of  the  columns 
marked  No.,  and  find  the  logarithm  next  it.  Or,  look  in  the  body  of 
the  table  for  the  given  number  in  the  columns  marked  N,  with  one  or 
two  cyphers  following  it;  the  decimal  part  of  the  logarithm  is  in  the 
-column  next  to  it  For  example,  the  decimal  part  of  tiie  logarithm  of  3 
is  found,  in  the  column  next  to  the  number  300,  to  be  .477121,  and  as 
there  is  but  one  digit,  the  logarithm  is  completed  with  a  cypher,  thus, 
0.477 1 2 1.  The  same  logarithm  stands  for  30,  except  that,  when  completed, 
it  becomes  1.477 121.  Again,  take  the  number  37;  look  for  370  in  colimm 
N,  and  the  decimal  part  of  the  logarithm  is  found,  in  the  column  next  it, 
to  be  .568202,  which,  being  completed,  becomes  1.568202.  If  the  number 
be  .37,  the  logarithm  becomes  1.568202. 

To  find  the  logarithm  of  a  muodber  consisting  of  three  digits,  look  for  the 
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number  in  column  N,  and  find  the  logarithm  in  the  column  next  it,  as 
already  exemplitied,  for  which  the  index  is  to  be  settled  and  prefixed  as 
l>efoic. 

If  the  number  consist  of  four  digits,  look  for  the  first  three  in  column 
and  the  fourth  in  the  horizontal  line  at  the  head  or  at  the  foot  of  the  table. 

The  decimal  part  of  the  logarithm  is  found  opposite  the  three  first  digits 
and  under  or  over  the  fourth.    Take  the  number  5432  ;  oj^posite  543  in 
column  N,  and  in  the  column  headed  2,  is  the  logarithm  .734960,  to  which 
3  is  to  be  prefixed,  niaking  3.734960.     If  the  number  be  5.4321 
complete  logarithm  is  0.734960. 

If  the  number  consist  of  five  or  more  diipts,  find  the  logarithm  for  the 
first  four  as  above;  multiply  the  difference,  in  column  D,  by  the  remaining 
digits,  and  divide  by  10  if  there  be  only  one  digit  more,  by  100  if  there 
be  two  more,  and  so  on;  add  the  quotient  to  the  logarithm  for  the  first  four. 
The  sum  is  the  decimal  part  of  the  required  logarithm,  to  which  the  index 
is  to  be  prefixed.  For  example,  take  3. 141 6.  The  logarithm  of  3 141  is 
.497068,  decimal  part;  and  the  difference,  138  x  6  10  -  83,  i^  to  be  added, 
thus — 

0.49  706S 
 S3 

making  the  complete  logarithm,  0.497 151 

To  find  the  number  corresponding  to  a  given  logarithm,  look  for  the 
logarithm  without  the  index.  If  it  be  found  exactly  or  within  two  or  three 
units  of  the  right-hand  digit,  then  the  first  three  figures  of  the  indicated 
number  will  be  found  in  the  number  column,  in  a  line  with  tlie  logarithm, 
and  the  fourth  figure  at  the  lop  or  the  foot  of  the  cohum  containing  tiie 
logarithm.  Annex  the  fourth  figure  to  the  first  three,  and  place  the  decimal 
point  in  its  proper  position,  on  the  principles  already  explained. 

If  the  given  logarithm  differs  by  more  than  two  or  three  units  from  the 
nearest  in  the  table,  find  the  numl)cr  for  the  next  less  tabulated  logarithm, 
which  will  give  the  four  first  digits  of  the  required  number.  To  find  the 
fifth  and  sixth  digits,  subtract  the  tabulated  logarithm  from  the  given  loga- 
rithm, add  two  cyphers,  and  divide  by  the  difierence  found  in  column  D 
Opposite  the  logarithm.  Annex  the  quotient  to  the  four  digits  already 
found,  and  place  the  decimal  point  For  example,  to  find  the  number 
represented  by  the  logarithm  2.564732:— 

2-564732  given  logarithm. 
Log  367.0=  2.564666  nearest  less. 


56        D  118)6600  (56  neariy. 

  590 

367.056   

■  700 

708 

Showing  that  the  required  number  is  367.056. 

To  multiply  together  two  or  more  niunbers,  add  together  the  logarithms 
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of  the  niimbersy  and  the  mil  is  the  logarithm  of  the  product  Thus,  to 
multiply  365  by '3. 146: — 

Log  365  =  2.562293 

Log  3-146  =  0.497759 


3.060052 

Log  1 148.  3*059942 

39  D  380)1 1000  (39  neaily. 

  760 

1148.29   

3400 

3420 

Showing  that  the  product  is  1148.39. 

To  divide  one  number  by  another,  subtract  the  logarithm  of  the  divisor 
from  that  of  the  dividend,  and  the  remainder  is  the  logarithm  of  the 
quotient. 

To  find  any  power  of  a  given  number,  multiply  tlie  logarithm  of  the  num- 
ber by  the  exponent  of  the  power.  The  prcKluct  is  the  logarithm  of  the 
power. 

To  find  any  root  of  a  given  number,  divide  the  logarithm  of  the  number 

by  the  index  of  the  root.    The  quotient  is  the  logarithm  of  the  root. 

To  fuid  the  reciprocal  of  a  number,  subtract  the  dec  imal  i)art  of  the 
logarithm  of  the  number  from  0.000000;  add  i  to  the  index  of  the  loga- 
rithm, and  change  the  sign  of  the  index.  This  completes  the  logarithm  of 
the  reciprocal.    For  example,  to  find  the  reciprocal  of  230 : — 

0.000000 

Log  230  =  3.361728 


3.638373 slog  0.004348  (reciprocal). 

Inversely,  to  find  the  reciprocal  of  the  decimal  .004348 

0.000000 

Log  ,004348=  3.638272 

3.361738  a  log  330  (reciprocal). 

A^off. — It  will  be  found  in  practice,  for  the  most  part,  unnecessary'  to 
note  the  indices  of  logarithms,  as  the  decimal  parts  are  in  most  cases  suffi- 
ciently indicative  of  the  numbers  without  the  indices.  The  exact  calcula- 
tion of  differences  may  also  in  most  cases  be  dispensed  with — rough  mental 
approximadons  being  sufficiently  near  for  the  purpose— particularly  when 
the  numbers  contain  decisials.  The  indices  are,  however,  indispensable  in 
the  calculation  of  the  roots  of  numbers. 
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Table  No.  II. — Or  Hyperbolic  LiOGarithms  of  Numbers. 

In  this  table,  the  numbers  range  from  i.oi  to  30,  advancing  by  .01,  up 
to  the  whole  number  10;  and  thence  by  larger  intervals  up  to  30.  The 
hyperbolic  logarithms  of  numbers,  or  Neperian  logarithms,  as  they  are 
sometimes  called,  are  calculated  by  multiplying  the  common  logarithms  of 
the  given  numbeis,  in  table  No.  I.,  by  me  constant  multiplier,  2.302585. 
^The  hyperbolic  logarithms  of  numbers  intermediate  between  those  which 
'are  given  in  the  table,  may  be  readily  obtained  by  interpolating  piopoitional 
differences. 

Table  No.  III. — Of  Circumferencks,  Circular  Areas,  Squares  and 
Cubes;  and  of  Square  Koots  and  Cube  Roots. 

It  has  been  shown  how  to  calculate  the  powers  and  roots  of  numbers  by 

means  of  logarithms.  The  table  No.  III.  will  be  useful  for  reference.  It 
contains  the  powers  and  roots  of  numbers  consecutively  from  i  to  1000. 
The  circumferences  and  areas  of  circles,  due  to  the  numbers  contained  in 
the  first  columns,  considered  as  diameters,  are  also  given. 

By  a  suitable  adjustment  of  decimal  points  the  circumferences,  areas, 
squares  and  cubes,  may  be  determined  from  the  contents  of  die  table  for 
diameters  ten  or  a  hundred  times  as  much  as,  or  less  than,  the  values  given 
in  the  first  column. 

For  example,  if  the  number  378  in  the  first  column,  page  73,  be  taken  as 
37.8,  the  corresponding  circumference,  area,  square  and  cube  are  as  follows: 

OrifinaL  Dednwliied. 

Number                               378    37.8 

Circumference  :         1,187.52    118.752 

Circular  area.                      112,221.09    11 22.2 109 

Square                                142,884    1,428.84 

Cube  54,010,152    54,010.152 

Table  No.  IV. — Of  Circumferences  and  Areas  of  Circles  with 

Sides  op  Equal  Squares. 

The  table  No.  IV.  gives  the  circumferences  and  areas  of  circles  from 
yV  inf'h  to  1 20  inches  in  diameter,  advancing  by  sixteenths  of  an  inch  up 
to  6  inches  diameter;  thence  by  eighths  of  an  inch  to  50  inches  diameter; 
thence  by  quarters  of  an  inch  to  100  inches  diameter;  and  thenoe  by  half* 
inches  to  lao  inches  diameter. 

Whilst  the  diameters  are  here  expressed  as  inches,  they  may  be  taken  as 
feet,  or  as  measures  of  any  other  denomination. 

The  column  of  sides  of  equal  squares,  contains  the  sides  of  squares  having 
the  same  aiea  as  the  circles  in  the  same  lines  of  the  table  respectively. 

Tables  Nos.  V.  and  VI. — Of  Lengths  of  Circular  Arcs. 

The  lengths  of  circular  arcs  are  d ven  proportionally  to  that  of  the  radius, 
and  to  that  of  the  chord,  in  the  tables  Nos.  V.  and  VI.  In  the  first  of  these 
tables,  the  radius  is  taken  =  i,  and  the  number  of  degrees  in  the  arc  are 
given  in  the  first  column.  The  length  of  the  arc  as  compared  with  the 
radius  is  given  decimally  in  the  second  column. 
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In  the  second  table,  the  chord  is  taken  =  i,  and  the  rise  or  height  of  the 
arc,  expressed  dedmaUy  as  compared  with  the  chord,  is  given  in  the  first 
column.   The  length  m  the  arc  relatively  to  the  diord  is  given  in  the 

second  column. 

To  use  the  first  table,  No.  V.,  find  the  proportional  length  of  the  arc 
corresponding  to  the  degrees  in  the  arc,  and  multiply  it  by  the  actual  length 
of  the  radius;  the  product  is  the  actual  length  of  tlie  arc. 

To  use  the  second  table.  No.  VI.,  divide  the  height  of  the  arc  by  the  chord" 
for  the  proportional  lieight  of  the  arc,  which  find  in  the  first  column  of  the 
table;  the  proportional  lengd)  of  the  arc  corresponding  to  it  being  multi- 
plied by  the  actual  length  ol  the  chord,  gives  the  actual  length  of  the  arc 

Note, — The  length  of  an  arc  of  a  circle  may  be  found  nearly  thus: — 
Subtract  the  chord  of  the  whole  arc  from  8  times  the  chord  of  half  the  arc 
A  third  of  the  remainder  is  the  length  nearly. 

Table  No.  Vll. — Of  Areas  of  Circular  Segments. 

The  areas  of  circular  segments  are  given  in  Table  No.  VII.,  in  proportional 
superficial  measure,  the  diameter  of  the  circle  of  which  the  segment  forms 
a  portion  being  -  i.  The  height  of  the  segment,  expressed  decimally  in 
proportion  to  the  diameter,  is  given  in  the  first  column,  and  the  relative 
area  in  the  second  column.  ' 

To  use  the  table,  divide  the  height  1:^  the  diameter,  find  the  quotient  in 
the  table,  and  multiply  the  correspondmg  area  by  the  square  of  the  actual 
length  of  the  diameter;  the  product  will  be  the  actual  area. 

Table  Na  VIII. — Sines,  Cosines,  Tangents,  Cotangents,  Secant^ 
AND  Cosecants  of  Angles  from  o**  to  90**. 

This  table.  No.  VIII.,  is  constructed  for  angles  of  firom  o^  to  advancing 
by  ro',  or  one-dxth  of  a  degree.  The  length  of  the  radius  is  equal  to  i, 
and  forms  the  basis  for  the  relative  lengths  given  in  the  table,  and  which 
are  given  to  six  places  of  decimals.  £ach  entry  in  the  table  has  a  duplicate 

significance,  being  the  sine,  tangent,  or  secant  of  one  angle,  and  at  the 
same  time  the  cosine,  cotangent,  or  cosecant  of  its  complement.  For  this 
reason,  and  for  the  sake  of  compactness,  the  headings  of  the  columns  are 
reversed  at  the  foot;  so  that  the  upper  headings  are  correct  for  the  angles 
named  in  the  left  hand  maigin  of  liie  table^  and  the  lower  headings  te 
those  named  in  the  ri^  hand  maigin. 

lb  find  tht  sine^  or  other  demmt^  to  M  mmutay  divide  the  difference 
between  the  sines,  &&,  of  the  two  angles  greater  and  less  than  the  given 
angle,  in  the  same  proportion  that  the  given  angle  divides  the  diffinence  f£ 
the  two  ang.les,  and  add  one  of  the  parts  to  the  sme  next  it 

By  an  inverse  process  the  angle  may  be  found  for  any  given  sine,  ^c, 
not  found  in  the  table. 

Table  Na  IX. — Of  Logaeithmic  Sinbs,  Cosines,  Tangents,  and  Co- 
tangents OF  Angles  from     to  90*. 

This  table.  No.  IX.,  is  constructed  similarly  to  the  table  of  natural  sines, 
&c,  preceding.  To  avoid  the  use  of  logarithms  with  negative  indices,  the 
radius  is  asamned,  instead  of  being  equal  to  i,  to  be  equal  to  io"%  or 
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10,000,000,000  ;  consequently  the  logarithm  of  the  radius  =  10  log  10=  10. 
WTience,  if,  to  log  sine  of  any  angle,  when  calculated  for  a  radius  -  i,  there 
be  added  10,  the  sum  will  be  the  log  sine  of  that  angle  for  a  radius  =io". 
For  example,  to  find  the  loganthmic  sine  of  the  angle  15*^  50'. 

Nat  sine  15°  50'= '272840;  its  log  =  1*435908 

add  =  10 


Logarithmic  sine  of  15°  50'=  9-435908 

When  the  logarithmic  sines  and  cosines  have  been  found  in  this  manner, 
the  logarithmic  tangents,  cotangents,  secants,  and  cosecants  are  found  from 
those  by  addition  or  subtraction,  according  to  the  correlations  of  the 
trigonometrical  elements  already  given,  and  here  repeated  in  logarithmic 

Log  tan.  =  10  +  log  sin.  —  log.  cosiu. 

Log  cotan  1-  30  —  log  tan. 

Log  sec  >  20  -  log  cosin. 

Log  cosec.  s  20  —  log  sin. 

To  fifui  the  loganthmic  sine^  tangmt,  6^^.,  of  any  angk. — When  the  number 
of  degrees  is  less  than  45'',  find  the  degrees  and  minutes  in  the  left  hand 
column  headed  angUy  and  under  the  heading  sint,  or  tangent^  &c.,  as 
required,  the  logarithm  is  found  in  a  line  with  the  angle. 

When  the  number  of  degrees  is  above  45°,  and  less  than  90",  find  the 
degrees  and  minutes  in  the  right  hand  column  headed  atig/c,  and  in  the 
same  line,  above  the  title  at  the  foot  of  the  page,  sine  or  UuigaU,  ike,  hnd 
the  logarithm  in  a  line  widi  the  angle. 

Wiien  die  number  of  degrees  is  between  90^  and  180°,  take  their  supple- 
ment to  180^;  when  between  180^  and  270°,  diminish  them  by  180**;  and 
when  between  270^  and  360°,  take  their  complement  to  360"*,  and  find  the 
logarithm  of  the  remainder  as  before. 

If  the  exact  number  of  minutes  is  not  found  in  the  table,  the  logarithm 
of  the  nearest  tabular  angle  is  to  be  taken  and  increased  or  diminished  as 
the  case  may  be,  by  the  due  proportion  of  the  difference  of  the  logarithms 
of  the  angles  greater  and  less  than  the  given  angle. 

Tahle  No.  X. — Rhumbs,  or  Points  of  the  Oimpass. 

The  Mariner's  Compass  is  a  circular  card  suspended  horizontally,  having 
a  thin  bar  of  steel  magnetized, — the  needle, — for  one  of  its  diameters ;  tin- 
circumference  of  the  card  being  divided  mto  32  equal  parts,  or  pouiU^  and 
each  point  subdivided  into  quarters.  A  point  of  the  compass  is,  therefiore, 
equal  to  (360°  ^  32  = )  1 15'. 

Table  Na  XL — Of  REaPROCALS  of  Numbers. 

The  table  No.  XI.  contains  the  reciprocals  of  numbers  firom  i  to  looa 
It  has  already  been  shown  how  to  find  die  ledpiocal  of  a  number  by  means 
of  logaxiUuns. 
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TABLE  No.  L^LOGARITHMS  OF  NUMBERS 
FROM  Z  TO  Z0,000. 


No. 

Log. 

No. 

Na 

Log. 

No. 

Log. 

1 

2 

3 
4 
5 

0.000000 
a 301 030 
0.47713 1 
0.602060 
0.698970 

26 

'A 

29 
30 

1-414973 
I -43 "364 
1. 447158 
1.462398 
I.477121 

51 

52 
53 
54 
55 

1.707570 
1. 716003 
1.724270 
1-732394 
1.740363 

76 
77 
78 

79 
80 

1. 880814 
1. 886491 
1.892095 

1.S97627 
1.903090 

6 

7 
8 

9 

lO 

0.7781 51 

0.  S45098 
0.903090  1 
0.954243 
1.000000 

81 

32 
33 
34 
35 

I.491363 

1-505150 
1.518514 

56 
57 
58 

59 
60 

1. 748188 

»-75587S 
1.763428 
1.770852 

".778151 

81 

82 

83 
85 

1.908485 

1.913814 

1.919078 
1.924279 

1.939419 

11 

13 

«3 
14 
15 

1.041393 
1.079181 

I- "3943 
1.146128 

1.176091 

36 
37 
38 

39 
40 

1.556303 
1.568202 

1-579784 

I.0030CX) 

i  61 
62 

63 
64 
65 

1.785330 
1.792392 

I -79934 1 
I. 806180 

1.812913  1 

86 

87 
88 

89 

90 

» -934498 
1.939519 

I -9444 S3 
1.949390 

1.954243 

i6 

\i 

30 

1. 204 1 20 
1.230449 

'.255273 
1.278754 

1.3P1030 

41 

42 

43 
44 
45 

1. 612784 
1.623249 
1.633468 
1.643453 
1. 653213 

66 

% 

69 
70 

1.819544  ' 
1.826075 
1.832^09  1 
1.838849  ! 
1.845098 

91 

92 

93 
94 
95 

1.950041 
1.963788 
1.968483 
1.973128 
1.977724 

91 

22 

1  23 
24 

as 

1. 322219 

1-342423 
1. 361728 
1. 38021 1 
1.397940 

46 

47 

48 

49 

so 

1.662758 

1.672098 
I.68124I 
1. 690196 
1.698970 

71 

'  72 
1  73 
74 
1  75 

1.851258 

1.857332 
1.863323 
1.869232 
1.875061 

96 
97 
98 

99 
100 

1. 98227 1 
1,986772 
1.991226 

1-995635 
3.000000 

N 

01334 

56789 

D 

100 

lOI 

102 
102 

103 
104 
104 

00-  0000  0434  0868  1301  1734 

00-  4321   4751   5181   5609  6038 

01-  2837  3259  3680  4100  4521 
ox-  7033   7451   7868  8284  8700 

2166  2598  3039  3461  3891 
6466  6894  7331   7748  8174 

••••••       ••••••       «••*••  •••••• 

0734  1 147   1570   1993  2415 

4940  5360   5779  6197  6616 
91 16  9532  9947  ^  

..a...        ......        0301  0775 

432 
428 

425 
424 

420 

417 
416 

106 

106 
107 

107 
io8 
109 
109 

02-  1189   1603   2016  2428  2841 
oa-  5306  5715   6125   6533  6942 
o»-  9384  9789   

03-                    0195   0600  1004 

03-  3424   3826   4227   4628  5029 
03-  7426   7825   8223   8620  9017 

••••••       ••••••       •«*«••  ••«•«• 

3252        3664        4075        4486  4896 

7350   7757   8»64   8571  8978 

1408    1812   2216   2619  3021 
5430   5830  6230  6629  7028 

  0307  0603  0998 

412 
408 
405 
404 
400 
398 
397 

N 

01334 

56789 

D 
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39 


01934 

56789 

D 

110 
III 

112 
112 

"3 
114 

114 

04-  1393  17S7  2182  2576  2969 

^  5323   57  > 4   0105   6495  0885 

04-  9318  9606  9993   

05-                              0380  0766 

05-  3078  346^  3846  4230  4613 
05-  6905   7386   7666  8046  8436 

3362   3755   4148  4540  4932 
7375  7064  8053  8443  8830 

1 1 53    1538   1924   2309  2694 
4996   5378  5760  6142  6524 
8805  9185  9563  9943 

••••••  0|^20 

393 
389 

388 

386 

❖ 
383 

379 

115 
ii6 
117 
117 
ii8 
119 

06-  0698    1075    1452    1829  2206 

06-  4458  4832   5206   5580  5053 

06-  8186  8557   8927  9298  9068 

07-  1882  2250  2617  2985  3352 
07-  5547  5912  6276  6640  7004 

2582  2958  3333  3709  4083 
6326  6699  7071  7443  7815 

0038  0407  0776   1145   1 5 14 
3718  4085   4451   4816  5182 
7368  7731   8094  .8457  8819 

370 

373 
380 

370 

366 

363 

120 

lao 

131 
132 

123 
123 
124 

07-  9181  9543  99«H 

08-                               0260  0620 

08-  2785  3144  3503  3861  4219 
08-  6360   6716   7071    7436  7781 

08-  9905   

09-  0258  061 1  0963  ni5 
09-  3422  3772  4122  4471  4820 

0987   1347   1707   2067  2426 
4576  4934   5291    5t>47  6004 
8136  8490  8845   9198  9552 

1667    2018   2370   2721  3071 
5169   5518   5866  6215  6562 

362 
360 

357 
355 

355 
353 
349 

126 

136 

127 

138 

139 

09-  6910  7257  7604  7951  8398 

10-  owi  071S  io<9   1403  1747 

10-  3804  4146  4487  4828  5169 
zo-  7310  7549  7888  8227  8565 

••••••  «••«•• 

iz-  0590  0936  1363  1599  1934 

8644   8990  9335  9681 

2091  3434  «777  3"9  3462 

^510   5851   6191   65^  6871 
8903  9241   9579  9916 

••••••      ••••«■                      •••«••  02^^ 

3370  3605  3940  3375  3609 

348 
346 
343 
341 
338 
337 
335 

180 
131 

131 
132 
133 
134 
«34 

3943    4277   461 1    4944  S278 

11-  7371   7603  7934  8305  8595 

12-   

12-  0^74  090^  I23I  IS60  1888 
12-  3852    4178    4504    4830  5156 

12-  7105  7439  7753  8076  8399 

■  - 

q6ii    5943   6276   6608  6940 

^r^B,.A^C        ^^.A^^L        ^^M^t^         —  ^ 

  0245 

2216    2544    2871     3198  3525 
^481     5806    6131    6456  6781 

8733  9<H5  9368  9690 

333 

331 

330 
328 

325 
323 
323 

1  OK 

ISO 

136 

137 

138 

138 

X3-  <Q34  <»5S  0977  1395  1619 
13-  3539   3858  4177   4496  4814 

13-  6721  7037  7354  7671  7987 
X 3**  9^7^  ♦••••*  «••■•■  ••••«• 
Z4-             0194   0508   0822  I136 

14-  3015  33*7  3639  395  >  4ao3 

1939    93oO    2580    2900  3219 
5133   545 »    5769   6086  6403 
8303  8618  8934  9249  9564 

1450   1763   2076   2^89  2702 
4574  4885   5196  5507  5818 

321 
318 

316 
315 
3M 
311 

140 

141 
141 
142 

143 
144 

144 

14^6128  6438  674S  7058  7367 

14-  9**9  95*7  9835   

15-  3388  3594  2900  3205  3510 
15-  5336  5640  5943  6246  6549 

W                                                      fi#\/«^        fV%f%^  #\P^*V 

iS~  0302   0004  ('9^5   9200  95^7 

7676  7985  8394  8603  8911 

0756    1063    1370   1676  1982 
3815   4120  4424  4728  5032 
6852   7154  7457  7759  8061 

308 

307 

305 

303 
302 

301 

146 
146 

147 

16-  1368  1667  1967  2266  2564 
»^  4353  4650  4947  5244  5541 
Z6-7317  7613  79W  M03  8497 

286^,      31 61      3460     3758  4055 
5S3S     6U4     64W     6726  7022 
8792     9086     9380     9674  9968 

299 
297 

295 

N 

01334 

56789 
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N 

01234 

56789 

D 

148 

149 

17-  0262  0555  0848   HAi  1434 
17-  3*86  347»  37<»9  4o6o  4351 

1726  2019  2311  2603  2895 

4932  5222   5512  5802 

293 
391 

160 

151 
151 
152 
153 
154 
»54 

17-  6091  6381  6670  6959  7a«8 

17-  8977  9M4  955>  9&39 

x8-  1844  3139  341 S   2700  2985 

18    4691    4975    5259    5542  $825 

18-  7521    7803   8oli4  8366  8647 

7536  7835  81 13  8401  8689 

0413   0699  0986    1272  1558 
3270   3555   3839   4123  4407 
6108   0391    6674   0950  7339 
8928   9209  9490  977&   

a89 

287 

287 
285 
283 
281 
281 

165 

156 

157 
158 

158 

1  »59 

19-  0332   0612   0892    1 171  1451 
19-  3125   3403   3681    3959  4237 
19-  5900  .0176   645  ^   6729  7005 

19-  8657  893a  9306  94&t  9755 

20  ■   

20-  1397      iOyO      1943     2216  2488 

1730   2010   2289   2567  2846 
4514   4792   5069   5346  5623 
7281    7556   7832   8107  8382 

0029  0303  0577   0850    1 1 24 
2761   3033   3305   3577  3848 

279 
278 
276 

275 
274 

272 

160 
161 
162 
162 

163 
164 

20     4120    4391     4663     4934  5204 
20     6826     7096     736^     7634  7904 

21-                              0051     0319  0586 

21-  21SS     2454     2720     29S6  3252 
21-  4644    5109    5373    5638  5902 

5475    5746   6016   6286  6556 
8173  8441   8710  8979  9247 

0853    1121    1388    1654  1921 
3518    3783   4049   4314  4579 
blOO    O430    6694    6957  7221 

271 

267 
266 
264 

166 

166 
167 
168 
169 
169 

21-  7484    7747   8010   8273  8536 

22-  0108   0370  0631    0892    II 53 
22-  2716   2976   3236   3496  3755 

22-  5309     5568     ^826     6084  6342 

22-  7887     8144     8400    8657  8913 

23-   

8798    9060    9323    9585  9846 
I414    1675    1936    2190  2456 

4015   4274   4533   4792    505 » 
6600   6858   7115    7372  7630 

9170   9426   9682  9938   

  0193 

262 
261 

259 
258 
257 
256 

■ 

170 

171 
172 

»73 

173 
174 

23-  0449    0704    0960     1215  1470 
23-  2996     3250    3504    3757  4011 

23-  5528    5781   6033   ^5  6537 

23-  8046  8197  8548  8799  90« 

24-   

24-  0549  0799   1048   1297  1546 

1724    1979   2234   2488  2742 
4264   4517   4770   5023  5276 
6789   7041    7292    7544  7795 

9399  9550  9800 

  0050  0300 

1795   2044   2293   2541  2790 

255 
253 
252 
251 
250 
249 

176 

176 
177 
177 
178 
179 

24-  3038  3286  3534  3782  4030 

24-  5'>*3    5759    6006   6252  6499 

24  7973    8219   8464   8709  8954 

25-   

25-  0420   0664   090S    1 151  1395 

25  2853   3096    3338    3580  3822 

4277   4525    4772    5019  5266 
6745   6991    72^7    7482  7728 
9198   9443   9687  9932   

1638    1881    212^    2368  2610 
4064   4306   4548   4790  5031 

248 
246 
246 

245 

243 
242 

180 
182 
i&4 

25  ■  5273   5514  5755   5996  6237 
25-  7679   7918  8158   8398  8637 
36-  0071    0310  0548  0787  1025 
«6~  2451    2688   2925   3162  3399 
36-4818  5054  5*90  55»S  5761 

6477   6718   6958   7198  7439 
8877   9116   9355    9594  9833 
1263    1501    1739    1976  2214 
3636   3873   4109    4346  4582 
5996  6233   6467   6703  6937 

■ 

241 

239 
238 
237 
335 

185 

186 
186 

N 

«6-  7173  7406  7641   7875  81 10 

a^95'3  9746  9980 

27-                          0213  0446 

27-  1842  2074  2306  2S38  2770 

4158  4389  4630  4850  5081 

8344  8578  8813  9046  9>79 

0679  0912   1144   1377  1609 
3001   3233  3464  3696  3937 
5311   554a  577>  6003  6333 

234 

233 
232 

01234 

56789 

D 
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N 


8 


D 


189 


27-  646s  6692  6921   7151   7380  I  7609 
8982  921 I  9439  9667 


190 

27- 

8754 

190 

28- 

19* 

28- 

1033 

192 

28- 

3301 

193 

2ft- 

5557 

194 

28- 

7803 

195 

29- 

003s 

196 

29- 

2256 

197 

29- 

4466 

198 

29- 

6665 

199 

29- 

885i 

199 

30- 

ij6i 

3527 


1488  1715 

3753  3979 

6007  6232 

8*49  8473 


I9«i 

4205 

6456 
8696 


7836  8q67 
9,  —'^r— 


8a^  8525^1  <229 

 ^-a  .   ~ 


9895 

4431 
6681 

8920 


0123  0351 

2396  2622 

4656  4882 

6905  7130 

9143  9366 


0^78  0806 

«i9  3075 

5»07  533a 

7354  7578 

9589  9812 


228 
228 
227 
226 

223 


200 
201 
ao2 
203 
204 
204 

205 
206 
207 
208 
209 


0257 
2478 
4687 
6884 
9071 


0480  0702 

2699  2920 

4907  5W7 

7104  7323 

9289  9507 


0925    1 147 

3HI  3363 
5347  5567 


7542 
97^5 


7761 
9943 


1369  1C91 

3584  3804 

5787  6007 

7979  8198 


1813 
4025 
6226 
8416 


2034 
4246 
6446 

8635 


0161   0378  0595  0813 


222 
221 
220 
219 
218 
218 


30-  1030 
30-  3^9^ 

»»-  535» 

30-  7496 

30-  9630 
3«-   


1247 
34." 

556^ 

7710 

9843 


1464  1681 
3628  384A 

S7«i  5996 
81 


1898 

4059 
6211 

^51 


7924  8137 
0056  0068  0481 


2114 

4275 
6425 

8564 


2331  2547 

4491  4706 

6639  6SS4 

8778  8991 


2764 
4921 
7068 

9204 


2980 

7282 
9417 


0693  0906   1118   1330  1542 


31-  1754 
31-  3867 
31-  5970 

31-  8063 

32-  0146 


1966 
4078 
6180 

8272 

0354 


2177  2389 

4289  4499 

6390  6599 

84S1  8689 

0562  0769 


26c»  '  2812 


4710 
6809 
8S98 
0977 


4920 
7018 

9106 

1184 


3023  3234 

5UO  5340 

7227  7436 

9314  9522 

1391  1598 


3445 

7646 

0730 
1805 


3656 
5700 

7854 

9938 
20I2 


217 
216 
215 
213 
213 
212 

211 
210 
209 
208 
207 


210 
21 1 
212 
213 

ai4 


215 

216 
217 
218 
218 
219 


32-  2219 
32-  42S2 
32-  6316 

32-  8380 

33-   

33-  0414 


2426 

4488 

8^3 


2633  2839 

46*^4  4S99 

6745  <>950 

8787  8991 


3046  3252 
5'05    53 »o 


7155 
9194 


0617    0819  1225 


7359 
9398 


3458  3665 

5516  5721 

7503  7707 

90OI  980s 


1427   1630  1833 


3871 
5926 

7972 

0008 
2034 


4077  j  206 
6131 
8176 


0211 
2236 


205 
204 
204 

203 
202 


33-  2438 

33-  4454 

33-  6460 

3»-  8456 

34  ■■ 

34-  0444 


2640 

4655 
6660 

8656 


2842  3044 

4856  5057 

6860  7060 

8855  9054 


3246 

5257 
7260 

9*53 


0642  0841    1039  1237 


3447 
5458 
7459 
94SI 


3649  3^50 

5058  5859 

7059  7858 

9650  9849 


1435    1632  1830 


4051 

6059 
8058 

• 

0047 
2028 


4253 
6260 

8257 

« •  •  • 

0246 
2225 


202 
201 
200 
200 
199 
198 


^O 
221 
222 
223 

223 
224 


34  2423 
34-  4392 
34-  6353 

34-  8305 

35-   

36-  0248 


2620 

4589 
6549 

8sac» 


2S17  3014 
4785  4981 
6^  6939 


3212 
5178 
7135 


3409  3606  3S02 

5374  5570  57<>ti 

7330  7525  7720 

9278  9472  9666 


3999 
5962 


0442   0636   0829  102.3 


1216   1410   1603  1796 


4196 

6157 
8110 

• • • 

0054 
1989 


197 
196 

195 
194 

194 
«93 


225 

226 
227 
228 
229 
229 

N 


35  ■  2183 

35-  4Jo8 
35-  6026 

35-  7935 

35-  9835 

36-   


2375 

4301 
6217 

8125 


2568  2761 

4493  4685 

6408  6599 

8316  8506 


2954 
4876 

6790 

8696 


0025   0215  0404  0593 


3147 
5068 
6981 
8^ 


3339  3532 

5260  5452 

7<72  7363 

9076  9266 


3724 
5643 
7554 
9456 


3916 
5^34 
7744 
9646 


0783   0972    1 161    1350  1539 


8 


193 
192 
191 

190 

189 
189 

D 
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N 

•  •  « 

0  '   *  r     ar    '3  4 
•■   —  

56789 

D 

232 
233 

314 

,.r3ff-Ci738  -lii?  2105  2294  2482 

at?-*  361 2  •  ^Soo  ^  3988  4 1 76  4363 
36-  5488  5675  5862  6049  6236 
36-  7356  7542  7729  7915  8101 
36-9316  9401  9587  9773  995S 

3671    2859   3048   3236  3434 

4551    4739    4926    51 13  5301 
6423   6610   6796    6983  7169 
8287    8473    8659    8845  9030 

••••••                           ••«••  •••*«« 

188 

188 
187 
186 
186 

234 

236 

237 
238 
239 
239 

^7—  1068     12^1     Iil17     1632  1806 

37-  2912    3096    3280    3464  3647 
37-4748    4932    51 15    5298  5481 
37-  6577    6759   6942    7124  7306 
37-  8398   8580  8761    8943  9134 

•••••• 

OM3  0328   0513   0698  088^ 

1001     2I7C     2')6o    2C44,  2728 

■  *fy»                     •J*'"      —3*?^  m/miv 
3831      4015      4198      4382  4565 
5664      5846      6029      6212  6394 
7488      7670      7852      8034  8216 
9306     9487     9668  9849   

i8l 

184 

182 
182 
181 

MO 

241 

242 

243 
344 

38-  03I1    0393    0573    0754  0934 

38-  2017    2197    2377    2557  2737 

38-  3815   3995    4174   4353  4533 
38-  5606   578?    5964   6142  6321 

38-  7390  75W  7746  7933  8101 

I I 15       1296      1476      1656  1837 

2917      3097      3277      3456  3636 
4712      4891      5070      5249  5428 

C499      6677      6856      7034  7212 

8279     8456     8634     8811  8989 

18. 

180 
179 

178 

246 

245 

246 

24^ 
349 

tR—  0166    QIAI    0C2O    tiftcA  0K7C 

j«—                      y^V"  y^/D 
39-  

0935     ">2     1288     1464  164I 

39-  2697    2873    3048    3224  3400 
39-  4452    4627    4802    4977  5152 
39-  6199  6374  6548  6733  6896 

0051    0338    0405    0582  0759 
1817     1993    2169    2345  2521 

3575   375 »    392^   4101  4277 
5326   5501    5676   5850  6025 
7071   7345   74«9  759a  7766 

177 

177 

176 
176 

175 
174 

260 

251 
252 

253 
^54 

266 
356 

257 

257 
258 

3S9 

^0—  70iio    81  lA    8287    &a6i    86  ia 

39-  9674  9847   

40-                           0020    0192  0365 

40-  1401     1573     1745     I917  2089 
40-3121     3292    3464    3635  3807 
40-4834    5005    5176    5346  5517 

8808     8081     01 C4     0128  OCOI 

0538    07 1 1    0883    1056  1228 
2261    2433    2605    2777  2949 
3978    4149    4320    4492  4663 
$688  5858  6039  6199  6370 

171 

173 

173 
172 

171 
171 

40-  6^AO    6710    6881     70CI  7221 
40-  8240    8410    8579    8749  8918 

40-  9933   

41-              OI03    0271    0440  0609 

41-  1630    I78S    1956    2124  2293 
41-3300    3467    3635    3803  3970 

710I     7C6l     7711      7QOI  8o70 

9087  9257  9436  9595  9764 



0777   094^    '''4    ^283  1451 
2461    3629    2796    2964  3132 
4137   4305   4473   4639  4806 

170 

169 

{67 

260 
261 
262 
263 
263 

364 

41-  AOTl     ^l±0     ^^07     iATA  c6iLI 
^*     tV/j     j^'r^     jy-'/     j'r/'r  j^'^r* 

41-  6641   6807  6973   7'39  7306 
41-  8301   8467  8633  8798  8964 

43-              OI3I    0286    0451  0616 

43-  1604    1768    1933    3097  3361 

c8o8    ca7A   61  Ai    6108  6a7a 
7473    763*    7804    7970  8135 

9139  9*95  9460  9635  979' 

0781   0945   1 1 10   1275  1419 
3436  3590  3754  3918  3083 

167 

165 
165 
165 
164 

266 

266 
267 
268 
269 
369 

42—  12a6     7410     1C74     1717  100I 

*»*              0^*^              j/ji  yr^^ 

43-  4883   5045   5208   5371  5534 
4a-  651 I   6674  6836  6999  7161 
42-  8135    8297    84^9   8621  878^ 

42-  9752  99H   

43-                    0075   0336  0398 

Ao6c     A228     4102     ACCC  A7lS 
<^v/v>^     c^n.>j     ^Cfi^     ^^xi  't/*" 

5697     5860     6023     6180  6349 

7324     7486     7648     781  I  7973 
8044    QIO6     9268     9429  9^91 

0559  0720  0881   1043  1203 

164 

»63 
162 
163 
i6s 
161 

270 
371 

43-  1364    1525    1685    1846  2007 
43-3969   3130  3390   3450  3610 

2167   2328  2488  2649  2809 
3770  3930  4090  4^  4409 

161 
160 

N 

01334 

56789 

D 
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N 

01134 

5^789 

D 

272 

273 
274 

43-  4569    4729   4888   5048  5207 
43-  6163    6322    6481    0640  0709 
43-  775«   7909  8067  8226  8384 

5367  5526  5685   5844  6004 
6957   71 16   7275    7433  7592 
8543  8701  8859  9017  9"7S 

159 

975 

275 
276 
277 
278 
279 

43-  9333  9491   9648  9806  9964 

4^^^  «•••••       •«••••       ••••••       •••••«  •>••■• 

44-  0909   1066   1224   1381  1538 
44-  2480  2637   2793  2950  3106 
44-4045  4201   4357   4513  4669 
44-  5^  57^  5915  6071  6226 

0122  OS79  0437  0594  0752 
1695   1852  2009  2166  2323 
3263   3419  3576  3732  3889 
4825   4981    5137   s^9\  5449 
6382  6537   6692  6848  7003 

157 

'57 
156 

155 

980 

281 

281 
282 

284 

1*5^  Z3»3   7468   7623  7778 

44-  8706  8861  9015  9170  9324 

45-  

45-  0249  0403   0557   0711  0865 
45-  17S6   1940  2093   2247  2400 
45-3318  3471  3^4  3777  3930 

7933  8088  82A2   8397  8552 

9478  9633  9787  9941   

  0095 

1018    I 172    1126   1479  1633 
2553   2706   2859   3012  3165 
4062  423s  4387  4540  4692 

>55 
154 

154 
>54 
»53 
153 

286 

286 

287 
2iiS 
288 
289 

45-  4845    4997    5150   5302  5454 
45-  6366   6518   6670   6821  6973 
45-  7S82    8033   8184   8u6  8487 
4^  9392   9543   9694  9845  9995 

4O-  0898   1048   II98   1348  1499 

5606   5758   5910   6062  6214 

ZPS  7276  7428  7579  7731 
8638  8789  8940  9091  9242 

0146  0296  0447  0597  0748 
1649  1799  1940  3098  2248 

152 
152 
151 
151 

i5« 
150 

900 

291 

292 

293 
a94 

295 
295 
296 
297 
29S 
299 

46-  2198   2548   2697   2847  2997 

46-  3893  4043  4191   4340  4490 

46-  5383   5532   5680   5829  5977 
46-  6068   7016   7164   7312  74^ 
46-8347  8495  8643  8790  S938 

3146   3296   3445    35Q4  3744 
4639  4788  4936   5085  5234 
6126   6274   6423   6571  6719 
7608    7756    7904   8052  82CX> 

9085   9«33  9380  95*7  9675 

150 
149 

148 

46-  9822  9969   

47-  1292   1438   158s   1732  1878 
47-  2756    2903    3049    3195  3341 
47-4216   4362   4508   A653  4799 
47-  5671    5816   596a   6107  0252 

0557  0704  0^51   0998  1145 
2025   2171   2318  2464  2610 

3487   3633   3779   3925  4071 
4944   5090   5235    5381  5526 
0397  8S43  0687  6832  6976 

147 
147 
146 
146 
146 
US 

800 

301 
302 

303 
304 

47-  7121    7266    741 1    7555  7700 
47    S566    871 1    8855    8999  9143 

48-  0007   01 5 1   0294  0438  0582 
48-  1443    ii;86    1729    1872  2016 
48-  2874   3016   3159    3302  3445 

7844   7989  8133  8278  8422 
9287  9431   9575  9719  9863 
0725  0869   1012   1 1 56  1299 
2159  2302  2445   2588  2731 
3587  3730  3S72  4015  4157 

145 
144 

144 

143 
M3 

305 

306 

307 
308 

309 

48-  4300   4442    4585    4727  4869 
48-  5721    5863    6005    6147  6289 
48-  7138    7280    7421    7563  7704 
48-  8551    8692   8833   8974  9114 

48-  9958   

49-             0099   0239   0380  0520 

501 1   5153   5295   5437  5579 
6430  6572  6714  6855  6997 
7845   7986  8127  8369  8410 
9*55  9396  9537  9^7  9818 

0661   0801   0941    1081  1222 

142 
142 
141 
141 
140 
140 

810 

311 
312 

313 
3'4 

49-  1362    1502    1642    1782  1922 
49-  2760   2900   3040   3179  3319 

49-4155    4294   4433   4572  47" 
49-  5544   5683   5822   5960  6099 
49-6930  7068  7ao6  7344  7483 

2062  2201   2341   2481  2621 

3458   3597   3737   3876  4015 
4850  4989   5128   5267  5406 
6238   6376   6^15    6()5'>  6701 
7621    7759   7897   8035  8173 

140 
139 
139 
139 
138 

N 

01234 

56789 

D 
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N 

01334 

56789 

D 

315 

316 

316 

3'7 
3'8 
3«9 

49-  8311  8448  8«86  8734  886a 

49-  9087  9824  996a   

50-  1059    1 196    1333    1470  1607 
50-  2427    2564   2700   2837  2973 
^  379»   3927  4063  4199  4335 

8999   9t3T  937s   9413  0$fO 

0374  oui   0648  07S5  0922 
1744  1880  3017  2154  2291 

3109  3246  3382  3518  365s 

4471    4607  4743  4878  5014 

138 

>37 

»37 
»37 
136 

13^ 

320 
321 

322 

323 

324 

50-  ^1^0    ^286    S421     <CC7  <6q^ 

50-  6C05   6640  6776  69 u  7046 
50-  7856  7991   8126  8260  8395 

50-  9203   9337   9471    9606  9740 

51-   

5X>  OS45  0679  0813  0947  1081 

5828   5964   6099  6234  6370 
7181    7316   7451    7586  7721 
8p  8664  8799  8934  9068 

1215   J349   1483   1616  1750 

■36 

"35 
»35 

134 

|i34 

325 
326 
327 
328 

329 

51-  1883   2017  3151   3384  3418 

51-  3218   33^1    3484   3617  3750 
51-  4548  4681   4813  4946  5079 
51-  587A  6006  6139  M71  6403 
51-  7190  73*8  74w>  7593  7724 

2551    2684    2818    39U  3084 

3883   4016   4149   4282  4415 

52  u    5344  5476   5609  5741 
6^5   6068  6800  6932  7064 
78S5  7987  8119  83S1  838a 

133 

133 
133 
132 
133 

330 

331 

331 
332 
333 
334 

5X-  8^14    8646    S777    8000  9040 
qbso  99S9   •*••••  «••••• 

5a- 1 138  1269  1400  1530  1661 
5a-  2444  2575  2705  2835  2966 
5a-  3746  3876  4006  4136  4366 

Q171    Qio^    94^    Q^66  q6q7 
• 

0484    0615     0745    0876  1007 
1792     1922     2053     2183  2314 
3096    3226    3356     3486  3616 

4396  45^  4656  4785  4915 

I 

0^ 
131 
»3i 
i3< 
»30 
130 

886 

336 
337 
338 
338 
339 

52-  504^    qi74    <104    (414  i;i:63 

5*- 6339  6469  6598   6727  6856 
52-  7630   7759   7888   8016  8145 

52-  8917   9045   9174   930a  9430 
53~  ••••••  ••*••• 

sa-  oaoo  0338  0456  0584  0713 

<)69';    ^833    ^Q^t    6081  6210 

6985      71 14      7243      7372  7501 
8274      8402      8531      8660  8788 

9559  9687  9815  9943   

••••••       ••••••       ••«•••  00^2 

o8«o  0968  1096  1333  1351 

120 

129 
129 
128 
128 

is8 

840 

341 

342 

343 
344 

346 
346 
346 

347 
348 
349 

53-  1479  1607  1734  1862  1990 

53-  2754  2883  3009  3136  3364 
53-  4026  4153  4280  4407  4534 

53-  5294   5421    5547   5674  5«<» 
53-  6558   6685  6811   6937  7063 

21 1 7  2245  2372  2500  2627 

3391   35«8   3645   377a  3899 

4661   4787   4914   5041  5167 
5927   6053   6180   6306  6432 

7189   7315    7441    7567  7693 

128 

137 

127 
126 
126 

53-  7819    7945    8071    8107  ^^522 

53-  9076    9202    9327    9432  9578 

54-  0329   0455    0580   0705  0830 
54-  1579    »704    1829    1953  2078 
54-  2825    2950    3074    3199  3323 

8448   8i;74   8600   883S  89^1 
9703   9829  9954   

0955    1080    1205    1330  1454 
2203   2327   2452   2576  2701 
3447    3571    3696   3820  3944 

126 
126 

I3S 

125 

125 
124 

350 

35 » 
353 

353 
354 
354 

54-  4068    4192    4316    4440  41:64 

54-  5307    5431    5555    5(^/8  5802 
54-6543   6666   6789   6913  7036 
54-  7775    7898   8021    8144  8267 
54-  9003   9126   9249  9371  9494 

4688   4S12    4936    5060  5183 
5925    6049   6172   6296  6419 
7159   7282    7405    7529  7652 
8389    8512    8635    8758  8881 

124 

i23 

<23 

123 

123 

355 

356 
357 

55-  0228   0351    0473   0595  0717 
55-  HSo    »572    »694    1816  1938 
5S-  »8  3790  3911  3033  3155 

0840      0962       1084       1206  1328 
2060      2181      2303      2425  2547 
3276      3398      3519      3640  3762 

133 
123 
121 

D 

N 
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N 

01934 

56789 

D 

358 
359 

55-  3883  4004  4126  4247  4368 
S5-5094  5«i5  5336  5457  5578 

4489  4610  4731   4852  4973 
5699   5830  5940  6061  6183 

131 
131 

36t 

362 

363 
364 

55-  0303   0423   0544   ofeOA  07B5 
55-  7507   7627   7748   7868  7988 

55-  87CX)   8809  8948  9068  9188 

99^7                    •••«•<  ■•«•■■ 

56-      0036  0146  0265  038^ 

56-  iioi  list  1340  1459  1578 

0905    7020   7^4^    7207  73"7 
8108  8338  8349   8^69  8589 
9308  9428  9548  9067  9787 

0504  0624  0743   0863  0982 
1698   1817   1936  3055  3174 

120 
120 
120 
120 
119 
119 

365 

3«6 

367 
368 

369 

56-  2293  2412   2531   2650  2769 
5^  3481   3600  3718  3837  3955 
56-  4666  47S4  4903   5021  5139 
56-  5848  5966  60S4  6202  6320 
56-  7026  7144  7262   7379  7497 

2887   3006   3125    3244  3362 
4074  4193   43 I I    4429  4548 
5257    5376   5494    56' 2  5730 
6437   6555   6673   6791  6909 
7614   7732   7849    7967  8084 

119 
119 
118 
118 
118 

0  r  u 

371 
371 
37a 

373 

374 

50—  o202   0319   o43"   "554  007^ 

5fr-  9374  949*    9608  9725  9842 

57-  

57-  0543  0660  0776  0893  1010 

57-  1709    182?    1942   2058  2174 

57-  2872   2988   3104  3220  3336 

0755  5905  9^3  9*40  9^57 
9959   ••••••   •; 

1126   1243   1359    1476  1592 
2291    2407   2523   2639  2755 
3452   3568   3684  3800  3915 

>>7 

117 

117 

»i7 
116 

116 

376 

376 

379 

57-  4031    4147   4263   4379  4494 
57-  5188   5303   5419  55^4  5650 
57-  6341   6457  657a  6687  6802 
57-  7492    7607    7722    7836  7951 
57-8639  8754  8868  8983  9097 

4610  4726  4841   4957  5072 
5765   5880  5996  61 11  6226 
6917   70t2   7147   7262  7377 
8066   8181    8295   8410  8525 
9212  9326  9441  9555  9669 

if6 

"5 
"5 
"5 
■«4 

380 

382 
383 
384 

58-               0012  0126  0241 

58-  0925  1039  1153  1267  1381 

58-  2063  3177  3391  3404  2518 
5«-  3199   33 » 2   3426   3539  3652 
58-  433"   4444  4557  4^7©  4783 

0355    0460   0583   0697  oSii 
1495    1608    1722    1836  1950 
2631    3745    2858    3973  ajA%^ 
37^5    3879   3992   4105  4218 
4896   5009  5122  5235  5348 

114 

114 
114 
"4 
"3 
113 

OOO 

386 

387 
388 

389 
389 

58-  54t)i    5574   5M6   5799  5913 
58-  6587   6700  6812   6925  7037 

5**  22"  2**3  7935  8047  8160 
5»-  8833  89#4  9056  9167  9279 

58-  9950   

59-            0061   0173  0^  0396 

OO84    0137    OS5O    0303  0475 

7149    7262    7374     7486  7599 
8272    8384    8496    8608  8720 

939"   9503  9615   9726  9838 
0507  0619  0730  0843  0953 

>'3 

112 

112 
112 

1 12 

113 

890 

39» 
39* 
393 

394 

59-  1065    1 176   1287   1399  1510 

59-  2177   2288   2399   2510  2621 
5»-  3286   3397   3508  3618  3729 

5^  4393   4503  4W4  47*4  4*34 

59-  5496   5606  5717  5827  5937 

ttei  1733  1843  1955  9066 

2732  2843  2954  3064  3175 
3840  3950  4061  41 71  4282 
4945  5055  5165  §276  5386 
te|7  6157  M7  6377  6487 

lit 

III 
III 

no 
110 

OVD 

396 

397 

9q8 

399 

59-  0597   0707   0817   t>927  7037 
59-  7695   7805   7914   8024  8134 
59—  07^1            y^'^  9"9  y**® 

0^                 om  oaio  otio 

Co-  0973    1082    1 191    1399  1406 

7140    7250    7300    7476  7586 

8*43  8351  8462   8573  8681 

M\.f0'dL  ^%JiJL^ 

9337  94#  9SS»  9^5  9774 

«••«••                      ••••••  •••••• 

0498    0<1!9    rA«A    oVn  oB&d. 
**T"' 

1517  1W5  I7»  i«43  195« 

no 
no 

109 

109 

109 

400 

60-  2060  3169   2277   2386  2494 

2603  27 1 1  2819  2928  3036 

108 

N 

01234 

56789 
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401 

402 

403 
404 

60-  3144  3*53  3361  3469  3577 
60-  4226  4334  4442   4550  4658 

^  §-^25  k'^L^  §521  5628  5736 

9o-  6381   6489  6596  6704  68lt 

3686   3794   3902   4010  41 18 
4766   4874   4982   5089  5197 
5844   5951    6059   6166  6274 
6919  7086  7133  7*41  7348 

108 
108 
loS 
107 

405 

406 
407 

407 
408 
409 

410 
411 
412 

413 
414 

60-  7455  7562  7669  7777  7884 
60-  8526  8633  8740  8847  8954 

60-  9594  97«>«  9«»  9914 

61    0021 

61-  0660  0767  0873  0979  1086 
61-  1733   1809  1936  9043  314B 

7991   8098  8205   8312  8419 
9061   9167  9274  9381  9488 

0128  0234  0341   0447  0554 
1 192    1298    1405    151 1  l6l7 

3354  3360  34160  3573  3675 

107 
107 
107 
107 
106 
106 

6i-  2784  2890  2996  3102  3207 
61-  3842  3947  4053  4»59  4264 
6x-  4897  5003  5108  5213  5319 
61-  5950  6055  6160  6265  6370 
61-  7000   7105    7210   7315  7420 

3313  3419  3525  3630  3736 

4370  4475   4581    4686  4792 
5424   5529    5634    5740  5845 
6476   6581    6686    6790  6895 

7525    7629    7734   7839  7943 

106 
106 
105 
105 
105 

415 
416 
416 

417 

418 

419 

61-  8048   815^   8257   8362  8466 

61-  9093   9198   9302   9406   951 1 

62-  0136  0240  0344  0448  0552 
62-  1176  1280  1384  1488  1592 
62-  2214   2318   2421    2525  2628 

8571    8676   8780   8SS4  8989 
1  9615  97«9  9824  9928   

0656  0760  0864  0968  1072 
1695    1799   1903   2007   21 10 
2732   2835   2939   3042  3146 

105 

105 
104 

104 
104 
104 

420 

421 
422 

423 
424 

62-  3249  3353  3456  3559  3663 
6a-  4282   4385   4488   4591  4695 

«*-  5312  5415  55'8  5621  5724 
62   6340   6443   6546   6648  6751 

62-  7366  7468  757«   7673  7775 

3766  3869   3973  4076  4179 
4798   4901    5004   5107  5210 
5827   5929  6032   6135  6238 
6956    7058    7161  7263 
7878    7980   8082    8185  8287 

103 
103 
103 
»o3 
102 

425 

426 
426 

427 
42S 

429 

6»-  8389  8491   8593  8695  8797 

62-  9410  951a  9613  971$  9817 

••••••                     ••»•••  •••••• 

63-  0428  0530  0631  0735  0835 
63-  1444  1545  1647  1748  1849 
63-  2457  2559  2660  2761  2862 

8900  9002  9104  9306  930S 

9919   

  0021    0123   0224  0326 

0936  1038  1 139  1241  1342 
1951  2052  2153  2255  2356 
1  3963  3064  3165  3266  3367 

108 

102 
102 
102 
lOI 
lOI 

430 

431 

432 
433 
434 

63-  3468  3569  3670  3771  3872 
63-  4477  4578  4679  4779  4880 
^3-5484  5584  S68J  §785  5886 
63-  6488   6588  0088  0789  0889 

«a-  7490  7590  7690  7790  7890 

3973  4074  4t75  4*76  4376 

4981    5081   5182   5283  5383 
5986  6087  6187  6287  6388 

6989    7089    71 89    7290  7390 
7990    8090    8190    8390  8389 

lOI 

Id 
100 
too 
too 

435 
436 

436 

438 

439 

63-  8489   8589   8689   8789  8888 

63-  9486   9586  9686  9785  9885 

64-   

64-  0481    0581   0680  0779  0879 

64-  1474  1573  1672  1771  1871 
64-  3465   3563  3663  3761  3860 

8988  9088   9 1 88  9287  9387 

••••••  a..*.. 

  0084     0183     0283  0382 

0978     1077     1177     1276  1375 
1970     3069     3I6S    2267  2366 

2959  3^  3156  3355  3354 

too 
100 
99 
99 
99 
99 

440 
441 

442 
443 
444 

3453  3551  3650  3749  3847 
64-  4439  4537  4636  4734  4832 
64-  5422  5521  5619  5717  5815 
64-  6404  6502  6600  6^)98  6796 
64"  7383   7481    7579   7676  7774 

3946  4044  4143  4242  4340 
4931   5029  5127  5226  5324 

5913     601 1     61  ID    6208  6306 
6894     6992     7089     7187  728s 
7872     7969     S067     8165  8262 

99 
98 
98 
98 

98 

N 
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445 

446 

447 
448 
449 

Am—  Site  SacS  8cce  R6ei  ftrco 
«4-  9335  943a  953©  96«7  97H 

65-  0308  0405  0502  0599  0696 
65-  1278  1375  1472  1569  1666 
^  33416  3343  3440  3536  3633 

SOAC                 OIJO  tk%VI 

oofo  oy4>  ^r'^i  5f*4»'  V*37 
9831    9919  ... 

0793  0890  0987  1084  1 181 
1762  1859  1956  3053  2150 
3730    3836    3933   3019  3116 

at 
97 

97 

97 

97 

97 

97 

460 

451 
452 
453 
4S4 

•5-  3*13  3309  3405  3502  3598 
65  4177  4273  4369  4465  4562 

65-  5»38  5235  533>  5427  5523 
65-  6098   6194   6290   6386  6482 

«5-  7056  7i5»  7*47  7343  743* 

3695    3791    3888    3984  4080 

4658  4754  4850  4946  5042 
5619  5715  5810  5906  6002 
6577  6673  6769  6864  6960 
7534  7639  77«5  7830  7916 

96 

96 

96 
96 

96 

466 

456 

457 

457 
458 

459 



6^—  801 1  810?  8202  8208  &IQI 
6S-896C   9060  9155   9350  9346 

65-  99«0   •*•  

66-             001 1    0106   0201  0296 

66-0865  0960  1055  1150  1245 
66-  1813   1907  30M  3096  3191 

8a88  8c8a  8670  87 7A  8870 
9441  9536  963"  97a6  9831 

0391  0486  0581  0676  0771 
1339  1434  1529  1623  1718 
3386  3380  347s  3569  3663 

OC 

95 

95 
95 
95 
95 

460 
461 
462 

463 
464 

66-  2758    2852    2947    30AI  313^ 

66-  3701   3795   3889  3983  4078 

66-  4642  4736  4830  4924  5018 
66-  5581  5675  5769  5862  5956 
66-  6518  6613   6705    6799  0892 

3230  333A  3418  3512  3607 
417s  4366  4360  4454  4548 

51 12  5206  5299  5393  5487 
6050  6143  6237  6331  6424 
6986   7079  7173   7266  7360 

94 
94 

94 
94 
94 

465 

466 

467 

467 

468 
469 

66-  'JAZt     7s,l6     7640     7771  7826 

66-  6^60    8479    8572    8665  87W 

66-  93«7  9410  9m  9596  9689 

67-   

67-  0246  0339  0431  0524  0617 
67-  1173   1265   1358   145 I  1543 

•7020  8nii  Rfofi  fiioQ  8201 
8852    8045    9038    9 131  9224 

9783    9875  9967 

  0060  0153 

0710  0802  0895  0988  1080 
1636     1728    1831     I913  2005 

01 

93 
93 

93 
93 
93 

470 

471 
47a 

473 
474 

67-  2098  2190  2283  2375  2467 
67-  3021  31 13  3205  3297  3390 
67-  3943  4034  41^  4318  4310 
67-  4861  4953  5045  5137  5228 
67-  5778   5870  5963   6053  6145 

2560    2652    2744    2836  2929 

3482  3574  3666  3758  3^So 
4403  4494  4586  4677  4769 
5320  5412  5503  5595  5687 
6236  6328  6419  65 1 1  6603 

92 
92 
92 
92 
93 

476 

476 

477 
478 
478 
479 

St-  fif^A  fitRc  fAff\  ftofA  Tnco 
67-  7607  7698  7789  7881  7972 
67-  8518    8609    8700    8791  8882 

67-  9438   9519  9610  9700  9791 

68-   

68-  0336   0436   0517   0607  0698 

7IKI  72^2  7111  Tata.  7Ci6 
7151     /^4'  /j*" 

8063  8154  8245  8336  8427 
8973   9064  9155   9246  9337 

98»  9973   

  0063  o'54  0245 

0789  0879  0970   1060  1151 

01 

9» 
9> 
91 
91 
9« 

480 

481 
482 

483 
484 

68-  1341  1333  1433  1513  1603 
68-  2145    2235    2336    2416  2506 

6»-  3047  3>37  3237  33»7  3407 
68-  3947  4037  4137  4ai7  4307 
««-4»4S  493S  S«S  5"4  5«H 

1693  1784  1874  1964  2055 
2596   2686   2777   2867  2957 

3497  3587  3677  3767  3857 
4396  4486   4576  4666  4756 

5294   5383    5473   5563  5^>52 

90 
90 
90 

90 

90 

486 

486 

487 

68-  5742  5831  5031  6010  6100 
68-  6636  6736  6815  6904  6994 
68-  7529  7618  7707  7796  7886 
68-  8420  8500  8508  8687  8776 
88-9309  939*  9486  9575  9664 

6189   6279   6368   6458  6547 

7083  7172  7261  7351  7440 
7975  8064  8153  8242  8331 
8865  8053  9042  9131  9220 
9753  9«4l  9930   

89 
89 
89 

u 

hi 
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N 

01234 

567^9 

D 

4>9 

•»•«••    ••••••    ••«««•    008^  ^^lO^ 

89 

490 
491 
492 

493 
494 

6g-  0196   0285   0373   0462  0550 
69-  lolt   1170  1258   1347  1435 
69-  1965   2053   2142   2230  2318 
69-  2847   2935   3023   3111  3199 
69-  3727   3*^15   3903   3991  4078 

0639  0728  0816  0905  0993 

1524  i6r2  1700  1789  1877 

2406  2494  2583  2671  2759 

3287  3375  3463  3551  3639 
4166   4254   4342   4430  4517 

«9 

88 
88 
88 
88 

495 

496 

497 

498 

499 

69-  4605   4693   4781   4868  4956 
69-  5482   5569   5657   5744  5832 
69-  6356   6444   6531   6618  6706 
69-  7229   7317   7404   7491  7578 
69-  8101   8188  8275  8362  8449 

5044  5131  5219  5307  5394 
5919  6007  6094  6182  6269 
6793  6880  6968  7055  7142 
7665  7752  7839  7926  8014 
8535   8622   8709   8796  8883 

88 
87 
87 
87 
87 

500 

501 

501 
502 

503 
5<H 

5^  8070  90<57  0144  9231  gttj 
6a  983S  99*4 

70-  0704  0790  0877  0963  1050 
70   1568   1654    1741    1827  1913 
70-  2431   2517  2603  2689  2775 

9404  949*   957S  9^  9751 

0271      0358     0444     0531  0617 

1 1 36    1222    1309    1395  1482 

1999  2086  2172  2258  2344 
2861    2947    3033    3119  3205 

87 

f 

87 
87 
86 
86 
86 

505 

506 
507 
508 
509 

W   33n  34«3  3549  3^35 

70-4151   4236  4322   4408  4494 

70-  5008   5094   5179   5265  5350 
70-  5864   5949   6035   6110  6206 
70-  6718  6803  6888  6974  7059 

37«l   3807  389s  3979  4065 

4579  4665  4751  4837  4922 
5436  5522  5607  5693  5778 
6291  6376  646a  6547  66j2 
7144  7^9  73«5  7400  74»5 

86 

86 
86 

«S 

510 

5" 

5" 
512 

5*3 
514 

70-  7570  7655   7740  7826   79  n 
70-  8421   8506   8591   8696  8761 

70-  9*70  9355  9440  9534  9609 

71-  0117  0208  0287  0371  G456 
71- 0963  1048  113a  1217  1301 

7096  8081  8166  8251  8336 
8846  8931  9015  9100  9185 
9694  9779  9863  9948 

••••••    •••»••    •••••*  ^^33 

0540  0625  0710  0794  0879 

1385  1470  1554  1639  17«3 

8s 
85 

510 

516 

5»7 
518 

519 

71-  1807   1892   1976  2060  2144    2229  2313  2397  2481  2566 
71-  2650  2734  2818  290a  2986  1  3070  3154  3238  3323  3407 

7>-  349»    3575   3^59   3742    3826  1  3910   3994   4078   4162  4246 
7»-  4330   4414   4497   45^»    4665    4749   4833   49i6    5000  5084 
7X-  5167   5251   5335   5418   5502    5586  5^   5753   5836  59«> 

84 

84 

620 
521 
522 

523 
524 
S«4 

71-  6003   6087   6170   6254  6337 
71-  6838   6921    7004   7088  7171 
71-  7671    7754   7837   7920  8003 
71-  8502    8585    8668   8751  8834 

71-  933>   94H  9497  95W  9663 

6421  6504  6588  6671  6754 
7254  7338  7421  7504  7587 
8086  8169  8253  S336  84T9 
8917   9000   QoS^    ()i65  9248 

9745   9838  991 1  9994   

  «>77 

83 

83 
83 
83 

83 

0S5 

526 
527 
528 

529 

7a-  oiw  0242  0325  0407  0490 
7a-  0986    io68    1151    1233  1316 
72-  1811    1893    1975   2058  2140 
7a-  2634   2716   2798   2881  2963 
72-  3456   3538   3620   3702  3784 

0573  o6«  0738  0821  0903 
1398  1481  1563  1646  1728 
2293  23P$  3387  2469  3S52 
3045  3127  3309  3291  3374 
3866    3948    4030    41 12  4194 

f3 

82 

82 

82 
82 

530 

531 
532 
S33 

7a-  4276   4358   4440   4522  4604 

72-  5095     5176    5258    5340  5422 

7a-  591a  5093  6075  6156  6238 

7*-  6727  6809  6890  6973  70S3 

4685     4767    4849    4931  5013 

5503  5585  5667  5748  5830 
6320    6401     6483    6564  6646 

7134  7««  im  im  74to 

82 

8a 
8a 
81 
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N  0123456789 
534    7«-  7541   y&n  77«*  77»5  7*6^    794*  8o«9  8ii»  8i9«  8«73 


536 

536 
537 
537 
538 
539 


540 
541 
542 

543 
544 


7a-  8354 

72-  9165 

f»-9974 

73-   

73-  0782 

75-  1589 


8435  8516 
9246  9327 


8597  8678 
9408  9489 


0055  0136 
0863  0944 
1669  1750 


0217  <)298 
1024  1 105 
183a  1911 


8759 
9570 

0378 
1186 

1991 


8841 
9651 

0459 
1266 
207s 


8922  9003 
9732  9813 


0540  0621 
1347  142* 
2152  2233 


9084 
9893 

0702 
1508 
23'3 


73-  2394 

73-  3»97 

73-  3999 
73-  4800 

73-  5599 


2474  255^ 

3278  3358 

4079  4160 

4880  4960 

5679  5759 


2635 
3438 


271" 
351^ 


4240  43» 

5040  5120 

5838  5918 


2796 
3598 


2876 
3679 


3t>79  3759 
4480  4560 


5200 
5998 


5279 
6078 


2956  3037 

3759  3839 

4SW>  4M 

5359  5439 

6157  6237 


39*9 
47*0 

55«9 
63IF 


D 

81 

81 
81 
81 
81 
81 
81 


80 
80 

80 
80 
80 


545 


547 
548 

549 


73-  6397 


546    73-  7193 


73-  7987 
73-  8781 

73-  9572 


6476  6556 

7272  7352 

8067  8146 

8860  8939 

9651  9731 


6635 

7431 
8225 

9018 

9810 


6715 
75" 
8305 

9097 

9889 


549  74- 


6795 
7590 

8384 
9177 

9968 


6874 
7670 
8463 
9156 


6954  7034 

7749  7829 

8543  8622 

933S  9#I4 


7113 
7908 
8701 
9493 


0047   0126  0205  0284 


80 
79 
79 
79 

79 
79 


550  74-  0363  0442  0521  0600  0678 

551  74-  1152  lajo  1309  1388  1467 

552  74-  1939  2018  aoo6  2175  2254 

553  74-  2725  2804  2882  2961  3039 

554  74-  35«o  3588  3667  3MS  38*3 


0757 
1546 

233* 
3118 

39M 


0836 
1624 
241 1 

3196 
3980 


0915  0994 

1703  1782 

2489  2568 

3«7S  3353 

4058  4130 


1073 
i860 

2647 

3431 

4215 


79 

79 
79 
78 
78 


m 

556 
557 
558 

569 


74-  4^3 

74-  5075 
74-  5855 
74-  6634 

74-  74" 


437t  4449  45s8 

5153  5231  5309 

5933  601 I  6080 

6712  6790  6868 

7489  7567  7645 


4606  i  4684 

5387  5465 
6167  ,  6245 

6945  7023 
7788  I  780a 


4762 

5543 

6323 
7101 

7878 


4840  4919 

5621  5699 

6401  6479 

7179  7256 

7955  8033 


4997 

5777 

6556 

7334 
81 10 


78 
78 
78 
78 
78 


1560 
561 
562 
562 

564 


74-  S188 
74-8963 

74-  9730 

75-   

75-  0508 
75-  ia79 


8266  8343  8421 
9040  9118  9i9j 
9814  989* 


8498  :  8576 
9«7a  9350 


0586  0663  0740 
1356  1433  iSro 


0045 
0817 

1587 


0123 
0894 
1664 


8653 
94*7 

0200 
0971 

1741 


8731  8808 
9504  9582 


0277  0354 

1048  1185 

1818  189s 


8885 
9659 

0431 

1902 
1978 


77 
77 
77 
77 
77 
77 


565 
566 

5^ 


75-  2048 
75-  8816 

75-  3583 
75-  4348 
75-  5 "2 


2125  2202  2279 

2893  2970  3047 

3660  3736  38M 

4425  450»  4578 

5189  5265  5341 


2356 
3**3 

3889 


2433 
3200 

3966 


4654  4730 

5417 !  5494 


2509 

3«77 

4042 

4807 
5570 


2586  2663 

3353  3430 

4119  4195 

4883  4960 

5646  5722 


2740 
3506 
4272 
5036 

5799 


77 

77 

77 
76 

76 


670 
57 » 
57a 
573 
574 


75-  5875 
75-  6636 
7»-  739« 
75-  81SS 
75-  8913 


5951  6027  6103 

6712  6788  6864 

7478  7548  7624 

8230  8306  S382 

8988  9063  9439 


6180  I  6256  6332 

6940    7016  7092 

7700    7775  7851 

8458 : 8533  8609 

9214    9890  9366 


6408  6484 

7168  7244 

7927  8003 

868s  8761 

94«<  95>7 


6$6o 
7320 

8079 

8836 

9S92 


76 
76 
76 

76 
76 


1575 

575 
576 

577 

a 


75-  9668 

74-  0422 

7*-  1176 


9743  -9819  9894  9970 


0498  0573  0649 
I851   I38i  14B8 


0724 
«477 


0045 
0799 


0121 

0875 
1607 


0196  0272 

0950  108^ 

7       8  . 


0347 

IIOI 

•853 


76 
75 
75 
75 

D 
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MATHEMATICAL  TABLE& 


N 

01234 

56789 

D 

578 

579 

76-  1928  2003  2078  2153  as^ 

76  -  2679  2754  2S29  2904  2978 

2303  2378  2453  2529  2604 

3053   3128  3203   3278  3353 

75 

75 

080 

582 

584 

76-  3428  3503  3578  3653  3727 
76-  4176  4251  4326  4400  4475 
76-  4923  4998  5072  5147  5221 

76-  5669   5743   5818   5892  5966 
76-  6413  6487  6562  6636  6710 

3802   3877  3952  4027  4101 
4550  4624  4699  4774  4848 
5296  5370  5445   5520  5594 
6041  01 15  6190  6264  63^8 
6785  6859  6933  7007  7082 

75 
75 
75 
74 
74 

585 

586 

587 

588 

588 
589 

76-  7156   7230   7304   7379  7453 
76-  7898    7972    8046    8120  8194 

76    S6-,S    S712    8786    8860  8934 

76-  9377   945 «    9525   9599  9^73 
' ^ 7~~  ••••••    «•••■•  •••*•• 

77-  0115  0189  0263  0336  0410 

7527   7601    7675   7749  7823 
8268   8342    8416    8490  8564 

9008    9082    9156    9230  9303 
9746   9820    9894  9968   

•  •«•••        ••••••                           ■••••«  00^2 

0484   0557   0631   0705  0778 

74 
74 
74 
74 
74 
74 

590 

591 

592 
593 
594 

77-  0852  0926  0999  107^  1146 

77-  1587   1661   1734  iM  1881 

77-  2322  239^   2468   2542  2615 
77-  3055   3«28   3201    3274  3348 
77-  3786  3860  3933   4006  4079 

1220    129^    1367    1440  1514 

195^  aoaS  2to2  2i7<  2248 

2688  2762  2835  290S  2981 

3421    3494    3567    3640  3713 
4152   4225   4298   4371  4444 

74 
73 

73 
73 
73 

595 

596 

598 
599 

77-  45 « 7   4590   4663   4736  4809 
77-  5246   §319   5392   5465  5538 
77-  5974  0047   6120  6193  6265 

77-  6701    6774   6846   6919  6992 

77-  74*7   7499   7573   7644  77>7 

4882    4955    5028    5100  5173 
5610    5683    5756    5829  5902 
6338  041 1   6483   65  c6  6029 
7064   7137   7209   7282  7354 
7789  7862   7934  8006  8079 

73 
73 
73 
73 

72 

600 

601 
602 
602 
603 
604 

77-  815 1   8224  8296  8368  8441 
77-  8874   8947   9019  9091  9163 

77-  9596   9669   974«   9813  9885 

78-  

78   0317   0389   0461   0533  0605 
78-  1037    1109   I 181    1253  1324 

8513   858^  8658  8730  8808 
9236  9308  9380  945a  9524 

0677  0749  0821   0893  0965 
1396   1468   1540   1612  1684 

72 

72 
72 
72 
72 
72 

605 

606 

609 

7^  >755   1827   1899   197 1  2042 
78-  2473   2544   2616   2688  2759 
78-  3189   3260  3332   3401  3475 

7»-  3904   3975   4046  4«i8  4189 

78-  4617   4689   4760  4831  4902 

21 14  ai86  8958  3329  2401 

2831   2902  2974  3046  31 17 
3546  3618  3689  3761  3832 
4a6i  433a  44*^  4475  4546 
4974  5045  5"o  5187  5«S9 

7a 

72 

71 
7' 
7' 

610 

611 
612 

614 

615 
616 

616 
617 
618 
619 

78-  5330   5401    5472   5543  5615 
78-  6041    61 12   6183   6254  6325 
78-  6751    6822   6893   6964  7035 
It  Z^S  253»   7602   7673  7744 
7*-  8168  8^39  8310  8381  8451 

5686  5757   5828  5899  5970 
6396  6467  6538  6609  6680 
7106  7177   7248   7319  7-590 
7815   7885   7956  8027  8098 
8323  8593  8663  8734  8804 

71 
71 
71 
7« 
71 

78-  8875  8946  9016  9087  9157 

78-  9581   9651    9722   9792  9863 

79-   

79-  028c   0356   0426   0496  0567 
79-0988    1059    1 1 29    1 199  1269 
79-  1691    1761    1831    1901  1971 

9228    9299    Q^6q    0440  Q^IO 

9933   

  ooQf  0074  0144  ^'5 

0637  0707  0778  0848  0918 
1340   I4I0   1480   1550  1620 
2041  SI  1 1  S181  2252  2322 

71 
70 
70 

70 
70 
70 

AAA 

080 

622 

79-  2392   2462   2532   2602  2672 
79-  3092   3>62   3231    3301  3371 
79-3790  3860  3930  4000  4070 

2742  2812  2882  2952  3022 
3441   35"   3581   3651  3721 
4139  4ao9  4379  4349  441^ 

70 
70 
70 

N 

0       I       2       3       4  1 
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LOGARITHMS  OF  NUMBERS. 


.1^ 


N 

623 
624 

625 

626 
627 
628 
629 


8 


79-  4488  4558  4627  4697  4767 

79-  5185    5254   5324   5393  5463 


4836  4906  4976  5045  51 15  70 
5532   5602    5672    5741    581 1  70 


79^-  5880  5949  6019  6088  6158 

79-  6574  6644  6713  6782  6852 

79-  7268  7337  7406  7475  7545 

79-  7960  8029  8098  8167  8236 

79-  8651  8720  8789  8858  8927 


6227  6297  6366  6436  6505  69 

6921  6990  7060  7129  7198  69 

7614  7683  7752  7821  7890  69 

8305  8374  8443  8513  8582  69 

8996  9065  9134  9203  9272  69 


680  79-  9341  9409  9478  9547  9616 

631  80^-  0029  0098  0167  0236  0305 

632  80-  0717  0786  0854  0923  0992 

633  80-  1404  1472  1 54 1  1609  1678 

634  80-  2089  2158  2226  2295  2363 

685  80-  2774  2842  2910  2979  3047 

636  80-  3457  3525  3594  3662  3730 

637  I  80-4139  4208  4276  4344  4412 

638  I  80-  4821  4889  4957  5025  5093 

639  *»-  5S01  5569  5637  5705  5773 


640 

641 
642 

643 
644 

646 

64s 
646 

649 

650 

651 
652 

653 
654 


9685  9754  9823  9892  9961  69 

0373  0442  05 1 1  o5cSo  0648  69 

1061  1 129  1198  1266  1335  69 

1747  1815  1884  1953  303I  69 

2432  2500  2568  2637  2705  69 


3116  3184  3252  3321  3389 

3798  3867  3935  4003  4071 

4480  4548  4616  4685  4753 

5161  5229  5297  5365  5433 

5841  5908  5976  6044  6112 


80-  6180  6248  6316  6384  6451 

So-  6858  6926  6994  7061  7129 

80-  7535  7603  7670  7738  7806 

80-  821 1  8279  8346  8414  8481 

8886  8953  9021  9088  9156 


6519  6587  6655  6723  6790 

7197  7264  7332  7400  7467 

7873  7941  8008  8076  8143 

8549  8616  8684  8751  8818 

9223  9290  9358  9425  9492 


80-  9560 

8x**   

•i-  0233 

8x-  0904 

81-  1575 
81-  2245 


9627   9694  9762  9829 


0300  0367 

0971  1039 

1642  1709 

2312  2379 


• • • • 

1106 
1776 

2445 


0501 
"73 

1843 
2512 


9896  9964 


0569  0636 

1240  1307 

1910  1977 

2579  2646 


0031  0098  0165 

0703  0770  0837 

1374  1441  1508 

2044  21 1 1  2178 

2713  2780  2847 


81-  2913 
8i-  3581 
8x-  4248 
81-^4913 
«i-  5578 


2980  3047 

3648  3714 

4314  4381 

4980  5046 

5644  S7II 


3"4 
3781 
4447 
S"3 
5777 


3181    3247  3314 

3848  1  3914  3981 

4514   4581  4647 

5179    5246  5312 


5S43 


5910  5976 


68 
68 
68 
68 
68 

68 
68 
68 
67 
67 


67 
67 
67 
67 
67 
67 


3381  3448  3514  67 

4048  41 14  4181  67 

4714  4780  4847  67 

5378  5445  55"  66 

6042  6109  6175  66 


655 

656 
657 
658 

659 


81-  6241 
8x-  6904 
81-  7565 
81-  8226 
81-  8885 


6308  6374 

6970  7036 

7631  7698 

8292  8358 

8951  9017 


6440  6506 

7102  7169 

7764  7830 

8d2i.  RjQO 

9081  9149 


6573  670s  6771  €838  66 

7235  7301  7367  7433  7499  66 

7896  7962  8028  8094  8160  66 

8556  8622  8688  8754  88ao  66 

9215  9281  9346  9412  9478  66 


{600 

660 
661 
662 
663 
664 


81-  9544 

82—   

82-  0201 
8a-  0858 
82-  I 5 14 
82-  2168 


9610   9676    9741  9807 


•••••• 

0267  0333 

0924  0989 

1579  1645 

2233  2399 


0399  0464 

1055  I I 20 

1710  1775 

S3^  U3f> 


9873  9939 

0530  0595 

1 186  1251 

1S41  1906 

2495  aSte 


0004  0070  0136 

0661  0727  0792 

1317  1382  1448 

197a  2^37  2103 

2626  2691  2756 


66 
66 
66 
66 

65 


1665 

666 
667 
668 

IT 


82-  2822 

«a-  3474 

82-  4126 

8»-  4776 


2887  2952 

3539  3005 

4191  4256 

4841  4906 

I  2 


3018  3083 

3670  3735 

4321  4386 

497>  5036 


1213  3279  3344  3409  65 

3800  386$  3930  3996  406t  65 

4451    4516  4581  4646  47"  65 

5101    5166  5231  5296  5361  65 

5      6      7  8      0  D 
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MATHEMATICAL  TABLES. 


N 

01334 

56789 

D 

669 

Bar-  5426  5491   5556  56ai  5686 

575 «   5815   5880  5945  6010 

65 

670 

671 
672 

673 
674 

8a-  6075   6140  6204   6269  6334 
8a-  6723   6787   6852   6917  6981 

82    7369    7434    7499    75^3  7628 

82-  8015    8080   S144   S209  8273 

83-  8660   S724   8789   8853  8918 

6399   6464  6528  6593  6658 
7046   71  u   7175   7240  7305 
769a  7757   7821    7886  7951 
S338   8402   S467   8531  8^9:; 
8982  9046  91 1 1   9175  9239 

65 
65 
65 

64 

676 

676 
676 

677 
67S 
679 

82-  Q^04    QI68    QAXl    Q407  QC6l 

^^2^*  ^^^^47 

83-            001 1   0075   0119  0204 

83-0589  0653  0717  0781  0845 

83-  1230    1294    1358    142a  1486 

83-  1870    1934     1998    2062  2186 

q62C    q600             0818  oSSiS 

Vj/^  jf***" 

026S    0332    0396   0460  0525 
0909    0973    1037    iKtt  1166 
1550    1614    1678    1742  1806 
2189    2253    2317    2381  2445 

"4 
64 
64 
64 
64 
64 

680 
681 
682 
683 
684 

685 

686 
687 
688 
689 

690 
691 
691 

692 

693 

694 

83     2509    2573    2637    2700  2764 
83    J 147     32 1 1     3275    3338  3402 

83    37^   3848   3912   3975  4039 
83-  4421    4484   4548   461 I  4675 
83-  5056  5120  5183  5247  5310 

2828    2892    2956    3020  3083 
3466    3530    3593    3657  3721 
4103    4166    4230    4294  4357 
4739  4800  4866  49Si9  4993 
5373   5437   55a>   55^4  5627 

^ 

64 
64 
64 

63 

83-  5691    5754   5817    5881  5944 

83-  6324   6387   6451    6514  6577 
83-  6957    7020   7083   7146  7210 
83-  7588    76w    7715    7778  7841 

83-  8219  8282  8345  8408  8471 

6007   6071   6134   6197  6261 
6641    6704   6767   6830  6894 

7273    7336    7399    7462  7525 
7904    7967    8030   8093  8156 
8S34  8S97  8660  8723  8786 

63 
63 
63 

ti 

81-  88dO   8qi2   8q7C   00^8  QIOI 

83-  947»  9541   9604  9667  9729 

84-   

84-  0106   0169  0232   0294  0357 
*4-  0733   0796  0859   0921  0984 
84-  1359   1422    1485    1547  1610 

Ol6il     Q227     02&0  dAlC 

y**"*    V*-*/                •'•5)      ys' J 

9792  9855  9918  9981   

  OQ43 

0420  04S2   0545   060S  0671 
1046  1109   1172   1234  1297 
167a  1735   1797  iSoo  1993 

63 
63 
63 

685 

696 
697 
698 
699 

84-  1985   2047   2110   2172  2235 
84-  2609  2672   2734  2796  2859 
84-  3233    3295    3357    34«>  3482 
84'  3855    39»8    3980   4042  41C4 
84-  4477   4539   4601    4664  4726 

2297   2360  2422   2484  2547 
2921   2983   3046  3108  3170 
3544    3606    3669    3731  3793 
4166   4229   4291    4353  4415 
4788   4850  4912   4974  5036 

6a 
6a 
63 
63 
6a 

700 
701 
702 

703 
704 

84-  5098   5160   5222    5284  5346 
84-  5718   5780   58A2   5904  5966 
•4-6337   6399  6461   6523  6585 
84-  6955    7017    7079   7»4i  7202 
«4-  7573   7^34   7696  775*  7819  \ 

5408    5470    5532    5594  5656 
6028   6090   6151    6213  6275 
6646  6708   6770  6832  6894 
7264    7326    73S8    7449    75 I I 
7881   7943  8004  8066  8uB 

6a 

63 

6a 
6a 
6b 

706 

706 
707 
708 
709 

84   8i«9   8251    8312   8374  $495 
84-  8805    8866    8928    89S9  9osr 
84-  9419   9481    954a   9604  9665 
8s~  0033  0095   0156  0217  0379 
8s-  0646  0707  0769  0830  0891 

8497  8SS9  M«>  8682  8743 

91 1 2  9174  9235   9297  9358 

9726   9788   9&49   991 1  9972 
0340  Q401   0462  0524  0585 
0952   1014  I07S  "36  "97 

6a 

61 
61 
61 
«• 

710 

711 
712 

713 
7U 

85-  1258    1320   1381    1442  1503 
85-  1870    1931    1992    2053  Stl4 
85-  2480    2541    2602    2663  2724 
8y-  3090  3150  3211  3272 
«5-369«  3759  3«M  38fti  3941 

1564   1625   1686   1747  1809 
2175   2236  2297  2358  2419 
2785   2846  2907   2968  3029 

3394  3455   35«6   3577  3^37 
4002  40^  4124  4185  4245 

61 
61 
61 
61 
61 

N  1  01234 
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D 
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N 


8 


716 
716 

717 
718 

719 


1790 

721 

722 

723 
724 

7*4 


726 

726 
727 
728 
729 


85-4306 
85-49*3 

85-  5519 
85-  6124 

85-  6739 


4367 

4974 

5580 

6185 
6789 


4418  44&8 

5640  5701 

6245  6jo6 

6850  6910 


4549  I  4610 
5156  5216 
5761  5822 


6366 
6970 


6427 
7031 


4670  4731 

5277  5337 

5882  5943 

6487  6548 

7091  7152 


4792 

539« 

6003 

6608 
7212 


4852 

5459 
6064 

6668 

7272 


85-  7332 
85-  7935 
85-  8537 
85-  9138 

85-  9739 


7393 
7995 
8597 
9198 

9799 


7453  7513 

8056  81 16 

8657  8718 

9258  9318 

9859  9918 


7574  7634 
8176  8236 


8778 

9379 
9978 


8838 
9439 


7694  7755 
9499  9559 


7815 
S417 
9018 
9619 


7875 
«477 
9078 

9679 


cx)38  0096  0158  oai8  0278 


86-  0338 
86-  0937 

86-  1534 
86-  2131 
86-  2728 


0398 
0996 

1594 

2191 

2787 


0458  0518 

1056  I I 16 

1654  1714 

2251  2310 

2847  2906 


0578 
1176 

1773 

2370 
2966 


0637 
1236 

1833 

2430 

3025 


0697  0757 

1295  135s 

1893  «95« 

2489  2549 

3085  3144 


0817 
1415 

901 2 

2608 
3204 


0877 

i47S 
2072 

2668 

3263 


780 

731 
732 
733 
734 


1785 

736 
737 
73S 
739 


740 

741 
741 

742 
743 
744 


1746 
746 

747 
748 
749 

1760 

75i 
752 
753 
754 


86-  3323 
86-  3917 
86-  45 1 1 
86-  5104 
86-  5696 


3382 

3977 
4570 
5163 
5755 


3442  350 ' 

4036  4096 

4630  4689 

5222  5282 

5814  5874 


3561  3620 

4'55  4214 

4748  4808 

5341  5400 

5933  5992 


3680  3739 

4274  4333 

4867  4926 

5459  5519 

6051  61 10 


3799 
4392 
4985 

5578 
6169 


3858 
4452 
5045 
5637 
6228 


86-  6287 

86-  6878 
86-  7467 
86-  8056 
W-8644 


6346 

6937 
7526 
8115 

8703 


6405  6465 

6996  7055 

7585  7644 

8174  8233 

8768  8821 


6524  \  6583 
7114  '  7173 


7703 
8292 
8870 


7762 

8350 
8938 


6642  6701 

7232  7291 

7821  7880 

8409  8468 

8997  9056 


6760 

7350 
7939 
8527 
9114 


6819 
7409 
7998 
8586 

9173 


86-  9232 

86-  9818 
87- 

87-  0404 
87-  0989 

•7-  1573 


9290 
9877 

0462 
1047 
1631 


9349  9408 
9935  9994 


0521  0579 
II06  I164 
1690  1748 


9466 

0053 
0638 
1223 
1806 


9525   9584   9^  970«  9760 


oiti 

0696 
1281 
1865 


0170  0228 

0755  *>8i3 

1339  1398 

1923  1981 


0287 
0872 
1456 


0345 
0930 

209^ 


87-  2156 

87-  2739 

87-  3321 
87-  3902 
87-  4482 


2215 

2797 

3379 
3960 

4540 


2273  2331 

285s  2913 

3437  3495 

4018  4076 

4598  4<>56 


2389  I  2448 
2972  I  3030 
3553    361 1 


4134 
4714 


87-  5061 

87-  5640 
97-  63r8 

87-  6795 

87-  7371 


5"9 

6853 
7429 


5177  5235 

5756  5813 

0333  0391 

6910  6968 

7487  7544 


4192 
4772 


2506  2564 

30S8  3146 

3669  3727 

4250  4^ 

4S30  4888 


2622 
3204 

3785 

4366 

4945 


2681 
3262 

3844 
4424 

5003 


5293  5351 
5871  I  5929 

6449  I  6507 

7026  70S  3 
7602  7659 


5409  5466 

5987  6045 

6564  66» 

7'4i  7199 

77'7  7774 


5524 
6102 
6680 

7256 

783a 


5582 
6160 

6737 
7314 
7889 


1756 

756 


758 

759 


N 


87-  7947 
87-  8522 

87-  9096 

•7-9669 

88-   

88-  0242 


8004 
8579 

9153 
97a6 


8062  8119 

8637  8694 

921 1  9268 

9784  9841 


8177 

8752 


0299  0356  G413  0471 


8234 

8809 

9383 
9956 

0528 


8292  8349 
8Sf>6  8()24 
9440  9497 


a 


0013  c»7o 
0585  0642 

6  7 


8407 

8981 

9555 

0127 
0699 

8 


8464 

9039 
9612 

0185 
0756 
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N 

01234 

56789 

D 

760 

761 
762 

763 
764 

88-  0814  0871  0928  09S5  1042 
88-  1385  1442  1499  1556  1613 
88-  1955  2^  ^12^  2183 
88-  2525  2581  2638  2695  2752 
88-  3093  3150  3207   3204  3321 

1099   1156  1213   1271  1328 
1670   1727   1784    1841  1898 
2240  2297   2354  241 1  2468 
2809  2866  2923  2980  3037 
3377  3434  3491   3348  3605 

57 
57 
57 
57 
57 

766 

766 
767 
768 
769 

88-  3661  3718  3775  3832  3888 
88   4229  4185  4342  4399  4455 

88  4795  4852  4909  4965  5022 
88-  5361  5418  5474  5531  5587 
88-  5926   5983   6039  6096  6152 

3945   4002  4059   41 15  4172 
4512   4569  4625  4682  4739 

5078   5135   5192   5248  5305 
5644  5700  5757   58M  5870 
6209  6265  6321   6378  6434 

57 
57 

57 
57 
56 

770 

771 
772 

773 
774 

88-  6491  6547  6604  6660  6716 
88-  7054  71 1 1  7167  7223  7280 
88  7617  7674  7730  7786  7842 
88-  8179  8236  8292  8348  8404 
88-  8741    8797    8853   8909  8965 

6773   6829  6885   6942  6998 

7336    7392    7449    7505  7561 
7898   7955    801 1    8067  8123 
8460    8516    8573    8629  8685 
9021    9077    9134   9190  9246 

56 
56 
56 
56 
56 

775 
776 
776 

777 
778 

779 

88-  9302    9358   9414   9470  9526 

88-  9862    9918  9974   

89-  0421    0477    0533   0589  0645 

89-  CK)So      1035      1091      1 147  1203 

89-  *537    >593    '649    1705  1760 

OS82   9638  9694  9750  0806 

0141   0197  0253  0^09  0365 
0700  0756  o8t2  <»68  0924 

1259    1314    1370    1426  1482 
1816   1872    1928   1983  2039 

56 
56 
56 
56 
.  56 

56 

780 

781 
782 

784 

89-  2095  2150  2206  2262  2317 
89-  2651  2707  2762  2818  2873 
89-  3207  3262  3318  3373  3429 
89-  3762  3817  3873  3928  3984 
89-  43»6  4371   4427   4482  4538 

2373   2429   2484   2540  2595 
2929   2985   3040   3096   315 1 
3464   3540   3595   3651  3706 
4039  4094   4150  4205  4261 
4593  4648   4704   4759  4814 

56 
56 
56 
55 
55 

786 

786 

787 
788 

789 

89-  4870  4925   4980   5036  5091 

89-  5423  5478  5533  5588  5644 
89-  5975  6030  6085  6140  619s 
89-  6526  6581  66^6  6692  6747 
89-  7077   7132   7187   7242  7297 

5146   5201    5257   5312  5367 

5699   5754    5^'^o9    5^^4  5920 
6251    6306   6361    6416  6471 
6802   6857    6912    6967  7022 
735«  7407  7462  7517  7572 

55 
55 
55 
55 
55 

790 

791 
792 

793 
794 
794 

80-  7627    7682    7737    7792  7847 

89-  8176  8231  8286  8341  8396 

89-  S725  8780  8835  S890  8944 

89-  9273  9328  9383  9437  9492 
89-  9821    9875    9930  9985   

7902   7957  8012  8067  8122 
8451   8506  8561   8615  8670 
8999  9054  9109  9164  9218 
9547  9602  9656  971 1  9766 

••••••  •••••• 

0094  0149  0203  0258  0312 

ce 

55 
55 
55 
55 
55 

795 

796 

797 
798 

799 

90-  0367  0422  0476  0531  0586 
90-  0913   0968    1022    1077    1 131 

90-  1458  1513  1567  1622  1676 
90-  2003  2057  21 12  2166  2221 
90-  2547    2601    2655    2710  2764 

0640   0695   0749   <^4  ^59 
I 186    1240   1295    1349  1404 
I 731    1785    1S40    1S94  1948 
227s    2329   2384   2438  2492 
2818   2873   2927    2981  3036 

55 
55 
54 
54 
54 

800 

801 
802 

803 
804 

90-  3090  3144  3199  3253  3307 
90-  3633  3<^S7  3741  3795  3849 
90-  4174  4229  4283  4337  4391 
90-  4716  4770  4824  4878  4932 
90-  5256  53«o  5364  5418  5472 

3-/n    3416    3470    3524  3578 
3c)04    3958    4012    4066  4120 
4445    4499   4553    4607  4661 
4986    5040    5094    5148  5202 
5526    5580   5634   5688  5742 

54 
54 
54 
54 
54 

806 

90-5796  5850  5904  5958  6012 

6066   61 19   6173   6227  6281 

54 

N 

01234 

56789 

D 
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N 

0          I          2          1  A 

t;      6      7      8  0 

D 

806 

807 
808 
809 

90-  6^35   6389   6443   6497  6551 
90-  6874   6927   6981    7035  7089 

90-7411    7465    75 »9   7573  7626 
90-  7949   8002   8056   81 10  8163 

6604    6658    6712    6766  6830 
7143    7196    7250    7W  7358 
7680    7734    7787    7841  7895 
8217    8270    8324    8378  8431 

54 

54 
54 
54 

RIO 

811 
812 

812 

S'^ 

814 

nn     5^4)^;     ^iort     Hcnf     5^>tA  QAr\n 
04" j                "jv*     0040  0099 

90-  9021     9074    9128    9181  9235 

90-  9556    9610    9663    9716  9770 



91-  0091     0144    0197    02?I  0^04 

91-  0624   0678   0731    0784  O838 

0753    0007     0000    0914  "O07 
9289    9342    9396    9449  9503 

9823     9877    9930  9984   

,    0037 

0358    0411     0464    0518  0571 
0891     0944    0998     IO51     1 104 

54 
54 
54 

53 

53 
53 

815 

816 

817 

818 

819 

91-  1158  I2II   1264  ni7  1371 
91-  1690   1743    1797    lUo  1903 

9Z-  8333    3275     2328    2381  2435 

91-  27C3  2806  2859  29 n  2966 
9i-3»4  3337  3390  3443  3496 

1424     1477     1530     1584  1637 
1956     2009     2063     21 16  2169 
2488     2541     2594    2647  2700 
3019     3072     3125     3178  3231 

3549  3602  3655   3708  3761 

53 
53 
53 
53 
53 

820 

821 
822 

834 

91-  3814  3867  3930  3973  4036 

91-  4343    4396   4449   4502  4555 
9i~  4872   4925    4977    5030  5083 
91-  5400   54^3   5505    55^8  5611 
91-  5937   $980  6033  6085  6138 

4070  4133  4184  4237  4290 
4608   4660  4713   4766  4819 
5136   5189   5241    5294  5347 
5664   5716   5769   5822  5875 
6191   6243  6396  6349  6401 

53 

53 
53 
53 
53 

825 
826 
827 
828 
8s9 

91-  64U   6507   6559   6612  6664 
91-  6980  703?   7085    7138  7190 
91-  7506   7558   761 1    7663  7716 
91-  8030  8083   8135   8188  8240 
91-  8555   8607  8659  8713  8764 

6717   6770   6822   6875  6927 
7243   7295    7348   7400  7453 
7768   7S20   7873    7925  7978 
8293   8^45   8397   8450  8502 
88t6  8869   8921    8973  9026 

53 
53 
52 
52 
52 

83' 
831 
832 

833 
834 

gi-  90/0    9'3*-'    9**3    9235  9207 

91-  9601    9653    9706   9758  9810 

sp9B^^                                             «■■•••        ••••••  •••••• 

92    0123    0176    0228    0280  0332 

92-  0645   0097   0749  0^53 

93-  1166  I3i8  1370  1333  1374 

9340   9392    9444   9490  9549 

9862   9914  9967   

  0019  0071 

0384   0436   0489   0541  0593 
0906  0958    loio    1062    1 1 14 
1436   1478   1530   1583  1634 

52 
52 
52 
52 
52 
5a 

835 

836 

837 
838 

839 

92-  1686   1738   1790   1842  1894 

92-  2206    2258    2UO    2362  2414 

9»>  2725   2777   2829  8881  3933 

92-  3244    3296    334^    3399  345' 
92-  3762   3814   3865   3917  3969 

1946    1998   2050   2102  2154 
2466   2518   2570   2622  2674 
2985   3037   3089    3'40  3198 
3503   3555   3607   3658  37«o 
4021   4072  4124  4176  4238 

52 
52 
52 
52 
52 

840 

841 
842 

843 
844 

92-  4279    4331    43^3    4434  4486 
92-  4796   4848   4S99    495'  5003 
92-  53'2   5364   5415    5467  5518 
9a-  5828   5879  5931    5982  6034 
»»-634a  6394  6445  6497  6548 

4538   4589   4641    4693  4744 
5054    5106    5157    5209  5261 
5570   5621    567^    5725  5776 
6085    6137   6188   6240  6291 
6600   6651    6703   6754  6805 

5a 

52 
52 
5i 
51 

846 

846 
8a7 
848 
849 

9s-  6857  6908  6959  701 1  7062 

92-  7370    7422    7473    7S24  7576 
oa-  788^    70  ;i;    7q86   80^7  8088 
92-  8396    8447    8498    8549  8601 
9%^  8908   8959  9010  9061    91 13 

71 14    716c    7216    7268  7319 

7627    7678    7730    7781  7832 
Si. 10    8101    H^Ai    8202  c 

8652     8703     8754    8805  8857 

9163  0315  9366  9317  9368 

51 
51 

C  I 

51 
51 

850 
851 

92-  9419    9470    9521    9572  9623 
9^-  9930   9981   •   

9674    9725    9776    9827  9879 

51 

5' 

N 

0         18        3  4 

56789 

D 
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N 

0 

I 

8 

3 

4 

5 

6  7 

8 

9 

D 

852 
853 
854 

»- 

93- 
93- 
93- 

0440 
0949 
1458 

0491 
1000 
1509 

0542 
105 1 
1560 

0083 

0592 

IIQ2 
I6IO 

0134 

0643 

1661 

0185 
0694 
1203 
1713 

03|6  0287 
0745  0796 
1254  ixos 
1769  1814 

0338 
0847 

0^ 
0898 
1407 
1915 

51 
5« 
51 
51 

856 

856 

857 

858 

859 

860 
861 
862 
863 
864 


93-  1966 

93-  2474 
93-  2981 

93-  3487 

93-  3993 


2017 
2524 
303* 
3538 
4044 


2068 

2575 
3082 

35^9 
4094 


2118 
2626 

3133 

3639 
4145 


2677 

3183 

3690 

4»95 


2169     2220  2271 


2727  2778 

3234  3285 

3740  3791 

4246  4296 


2323 
2829 

3335 
4347 


2x72 
2879 
3386 

3892 

4397 


2423  i  51 

2930  51 

3437  51 

3943  51 

4448  i  5« 


866 

866 
867 
868 
869 


93-  440^^ 
93-  5003 
93-  5507 
93-  601 I 
93-  6514 


4549 
5054 
5558 
6061 

6564 


4599 

5104 
5608 
61 II 
6614 


4650 

5154 
5658 
6162 
6665 


4700 

5205 

5709 
6212 

67»5 


4751  4801 

5255  5306 

5759  5809 

6262  6313 

6765  6815 


48^2 

5356 
5860 

6^63 
6865 


4002 
5406 
5910 

6413 
6916 


4953 
5457 
5960 

6463 
6966 


93-  7016 

93-  8019 
93-  8520 
93~  9OSO 


7066 
756S 
6o6g 
8570 
9070 


7117 
7618 
8119 
86ao 
9110 


7167 
7668 
8169 
8670 
9170 


7217 
7718 
8219 
8730 
9230 


7267  7317 

7769  7819 

8269  8319 

8770  8820 

9370  93JO 


7367 

7869 

8^70 
8870 

9369 


7418 
7919 
8420 
8920 
9419 


7468  I  50 
7969  50 
8470  50 
8970 
9469 


870 

871 

872 

873 
874 

93-  95»9   95<'9   9<>i9   9669  9719 

94-  0018  0068  Of  18  0168  O8I8 

94-  0516  0566  0616  0666  0716 
94-  1014  1064  1114  1163  1213 
94-  1 511    1 561    1611   1660  1710 

9769   9819   9869   9918  9968 
0267  0317   0367  0417  0467 
0765    0S15    0S65    Of)  1 5  0964 
1263    1313    1362    1412  1462 
1760    1809    1859    1909  1958 

50 
50 

50 
50 
50 

876 

876 

877 

878 

879 

94-  2008  2058  2107  2157  2207 
94-  2504  2554  2603  2653  2702 
94-  3000  3049  3099   3148  3198 

94-  3495  3544  3593  3^43  3692 
94-  3989   4038   4088   4137  4186 

2256    2306    2  31;  5    2405  2455 
2752    2801    2851    2901  2950 

3247   3397   3346  3396  3445 

3742   3791    3841    3890  3939 
4236  4285   4335   4384  4433 

50 
50 
49 
49 
49 

880 

881 
882 
883 
884 

94-  4483   4533   4581   463"  4680 

94-  4976  5025  5074  5 '24  5173 
94-  5469  55 >8  5567  5616  5665 
94-  5961  6010  6059  6108  6157 
94.  645a  6501   6551   6600  6649 

4739  4779  4838  4877  4927 

5222   5272   5321    5370  5419 

5715   5764   5813   5862  5912 
6207  6256  6305  6354  6403 
6698  6747  6796  ^5  6894 

49 

49 
49 
49 
49 

886 

886 
887 
888 
889 

94-  6943    6992    7041    7090  7140 

94-7434  7483  7532  7581  7630 
94-  7924   7973   8022   8070  8119 

94-  8413   8462   85 I I    8560  8609 

94-8909  8951   8999  9048  9097 

7189   7238   7287   7336  7^85 
7679   7728   7777   7826  7875 
8168   8217   8266  8315  8364 
8657   8706  8755  8804  8853 
9146  9195  9244  9292  9341 

49 
49 
49 
49 
49 

890 

891 
891 

892 

893 
894 

94-  9390  9439   9488   9536  9585 

94-  9878  9926  9975   

95-                            00«4  0073 

95~  <^365  0414  0462  05 1 1  0560 
95-  0851  0900  0949  0997  1046 
95-  1338    1386    1435    "483  1532 

9634  9683  9731   9780  9829 

0121   0170  0219  0267  0316 
0608  0657   0706  0754  0803 
1095   1 143   1 192   1240  1289 
1580   1699   1677   1726  1775 

49 
49 
49 
49 
49 
49 

895 

896 

897 

95-  1823  1872  1920  1969  2017 
95-  2308  2^56  2405  2453  2502 
95-  379a   3841   3889  2938  3986 

2066   2114   2163   2211  2260 
2550   2599   2647   2656  2744 
3034  3083  3131  3180  32s8 

48 
48 
48 

N 

01234 

5      6      7      8      9   1  D 

Digitized  by  Google 


LOGARITHMS  OF  NUMBlilRS. 


57 


N  1  01234 

56789 

D 

899 

3276  3g5  3373  342i  3470 
95-  3760  3800  3850  3905  3953 

3518  3566  36K   3663  3711 
4001   4049  4098  4146  4194 

48 

48 

800 

902 

903 
904 

906 

907 
908 

909 

9^  4243  429»  4339  4387  4435 
•5-  47*5  4773  4Wi  4«9  49i8 

95-  5207  5255  5303  5351  5399 
95-  5688  5736  5784  5^32  S«»o 
95-  61M  m6  0265  6313  6361  < 

4484  4532   4580  4628  4677 
4966  5014  5ote  5110  5158 

5447   5495    5543    5592  5640 
5928   W76   6024   6072  6120 
0409  0457   6505    6553  6601 

48 
48 

48 
48 

48 

95-  6649  6697  6745  6793  6840 
95-  7128  7176  7224  7272  7320 
95-  7607  7655  7703  7751  7799 
95-  8086  8134  8181  8229  8277 
95-  8564   86i2   8659   8707  8755 

6888   6936   6984    7032  7080 
7368   7416    7464    7512  7559 
7847   7894   7942   7990  8038 
^325    8373   8421    8468  8516 
8803   8850   8898   8946  8994 

48 
48 
48 
48 
48 

010 

911 
912 

9t2 

913 
914 

95-  9041  9089  9137  9*85  9232 
95-  0518   9566   9614   9661  9709 

95-  9995   

96-  0471  0518  0566  cy)i3  0661 
96-  0946  0994  1041   1089  1 136 

o^^jln    cwiS^    rtJTc     nAti  f\A^i 
\f£t3u              93/3    942  J  947* 

9757   9804   9852    9900  9947 

0233  0280  0328  0376  0423 

0709   0756   0804   0851  0899 
1184    1231    1379    1326  1374 

4«* 

48 

48 
48 
48 
47 

015 

916 
917 
918 

919 

96-  1421  1469  1516  156^  161 1 
96-  1895  *943  '990  2038  20S5 
96-  2369  2417  2464  2511  2559 
96-  2843  2890  2937  2985  3032 

96-  33  »6   3363    3410   3457  3504 

1658    1706    1753    1801  1848 
2132   2180   2227    2275  2322 
2606   2653   2701    2748  279^ 
3079   3126   3174   3221  3268 
3552   3599   3646   3^3  3741 

47 
47 

47 
47 
47 

000 

9tt 

922 

923 
9*4 

96-  3788  3835  3882  3929  3977 
96-  4260   4307   4154   4401  4448 

96-  4731  4778  4825  4872  4919 
96-  5202  5249  5296  s%^3  S390 
90-  567a   5719            5813  5860 

4024   407T    41 18  4165  4212 

4495    4542    4590   4637  4684 
4966    5013    5061    5108  5155 

5437   5484   5531    5578  5625 
5907   5954  6001  6048  6095 

47 

47 
47 

47 
47 

0d5 

926 
927 
928 
929 

96-  6142  6189  6236  6283  6329 
90-  Cot I  0058  0705  6752  0799 
96-  7080  7127  7173  7220  7267 
96-  7548  7595  7642  7688  7735 
96-  8016   8062   8109  8156  8203 

6376  6423  6470  6517  6564 
6845   6892   6939  6986  7033 
7314   7;/)  I    740S   7454  7501 
7782   7S29   7875    7922  7969 
8249    829()    8343    8390  8436 

47 
47 
47 

47 

47 

000 

931 

932 

933 
933 
934 

96-  84S3  8530  8576  8623  8670 
96-  8950  8996  9043  9090  9136 
96-  9A16  9463   9509  9556  9602 

96-9W«  9i»  9975 

8716    87fSi    88fn    88c^  8007 
9183    9229    9276    9323  9369 
9649    9695    9742    9789  9835 

47 
47 
47 

47 

47 
46 

97-                                        C»21  0068 

97-  0347   0393  0440  0486  0533 

01 14    0161    0207    0254  0300 
1  0579    0626    0672    07149  0765 

085 

936 

937 
938 

939 

97-  0812  0858  0904  0951  0997 
97-  1276  1322  1169  141 5  I 46 I 
97-  1740  1786  1I32  1879  1925 
97-  2203  2249  2295  2342  2388 
97-  2666  271a  2758  2804  2851 

1044    1090    1 1 37    1 183  1229 
1508    1554    I 601    1647  1693 
I97f    2019    2064    2tlO  2157 
2434    2481    2527    2573  2619 
2807                2080     101%  to82 

•wy/    ^^^^            jr'^s  ji**"** 

46 
46 
46 
46 

46 
46 
46 
46 

MO 

941 
942 

943 

97-  3128  3174  3220  3266  3313 
97-  3590  3636  3682  3728  3774 
97-  4051  4097  4143  4189  423s 
97-  45"  4558   4604  4650  4690 

3359   3405   3451   3497  3543 
3820   3866    3913    3959  4005 
4281    4327    4374    4^120  4466 
4742    4788    4834    4880  4926 

N  0x234 

56789 
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N 


944 


|M0 

946 
947 
948 
949 


960 

951 

952 

953 
954 

055 

956 

957 
958 
959 


1960 

961 
962 

963 
964 


965 

966 
967 
968 
969 


97-  4972    5018    5064    5110  5156 


8 


5202  5248  5294  5340  5386 


97-  5432 
97-  5891 
97-  6350 
97-  0808 
97-  7266 


5478 

5937 
6396 

6854 
73«3 


5524  5570 

5983  6029 

6442  6488 

6900  6946 

7358  7403 


5616 

6075 
6533 
6992 

7449 


5662 
6121 

6579 
7037 
7495 


5707 
6167 
6625 
7083 

7541 


5753 
6212 

6671 

7129 

7586 


5799  5845 

6258  6304 

6717  6763 

7175  7220 

763a  767S 


97  7724 
97-  8181 

97-  8637 
97-  9093 
97-  9548 


>226 

8681 
9138 
9594 


7815  7861 

8272  8317 

8728  8774 

9184  9230 

9639  9685 


7906  7952  7998  8043  8089  8135 

8363  8409  8454  8500  8546  8591 

S819  J  SS65  8911  8956  9002  9047 

9275  9321  9366  9412  9457  9503 

9730  9776  9821  9867  9912  995 


98-  0003 
98-  0458 
98-  0912 
98-  1366 
98-  1819 


0049 

0503 

0957 
1411 

1864 


0094  0140 

0549  0594 

1003  1048 

1456  1501 

1909  1954 


0185 
0640 

»o93 

1517 

2CXX} 


0231 
0685 

1 139 
1592 
2045 


0276 
0730 
1184 

2090 


0322 
0776 
1229 
16S3 
2135 


0367  0412 

0821  0867 

1275  1320 

1728  1773 

218I  2226 


98-  2371 

98-  2723 

98-  3175 
98-  3626 

98-  4077 


2316 

2769 
3220 

3671 
4122 


2362  2407 

2814  2859 

326s  3310 

3716  3762 

4167  4212 


2452 

2904 


2497 

2940 


3356  !  3401 
3807  j  3852 

4*57  43P« 


3543 

2994 

3446 
3897 
4347 


2588 

3040 

349» 
3942 
4392 


2633  2678 

3085  3>3o 

353<>  3581 

3987  4032 

4437 


98-  4527 
98-  4977 
98-  5426 
98-  5875 
98-  6324 


4572 
5022 

5471 
5920 

6369 


4617  4662 

5067  51 12 

S5»6  5561 

5965  6010 

6413  6458 


4707 

5157 

5606 

6055 
6503 


4752 
5202 

6100 
6548 


4797 

5247 

5696 

6144 
6593 


4S42 
5292 

5741 
6189 

6637 


4S87  49^2 

5337  5382 

5786  5830 

6214  6279 

6682  6727 


D 


46 


46 
46 
46 
46 
46 


46 
46 
46 
46 
46 


45 
45 
45 
45 
45 


45 

45 
45 
45 
45 


45 
45 
45 
45 
45 


1070 
971 
972 

973 
974 


98-  6772 
98  7219 
98-  7666 
98-  81 13 
98-  8559 


6817 
7264 
7711 
8157 
8604 


6861  6906 

7309  7353 

7756  7800 

8202  8247 

8648  8693 


6051 

7398 

7845 
8291 

8737 


6996 

7443 
7890 

8336 
8782 


7040 
7488 

7934 

83S1 

8826 


7085 
7532 

7979 

8425 

8871 


7130  7175 

7577  7622 

8024  8068 

8470  8514 

8916  8960 


45 
45 
45 
45 
45 


976 

976 

977 
977 
978 

979 


98-  9cx>5 
98-  9450 

98-  9895 

99-   

99-  03W 
99-  0783 


9049 
9494 
9939 

0^83 
0827 


9094  9138 

9539  9583 

9983   

  0028 

0428  0472 

0871  0916 


918 
9621 


0072 

0516 
0960 


9227 

9672 

01 1 7 
0561 
1004 


9272 
9717 

0161 

0605 
1049 


93>6 
9761 

0206 
0650 
1093 


9361  9405 

9806  9850 


0250  0294 

0738 

"37 


0694  07 


0735 
1182 


45 
44 
44 
44 
44 
44 


980 

981 
982 
983 
984 


085 

986 

9«9 

N 


99  1226  1270  I3K  1359  1403 
99-  1669  1713  1758  1802  1846 
99-  21 1 1  2156  2200  22^  2288 
99-  2554   2598   2642   2686  2730 

99-  2995    3039    3083    3127  3172 

1448  1492  1536  1580  1625 
1890  1935  1979  2023  2067 
2333  2377  2421  2465  2509 
2774  2819  2863  2907  2951 

3216  3260  3304  3348  3392 

99-  3436  3480  3524  3568  3613 
99  3877  3921  3965  4009  4053 
99^  4317  4361  4405  4449  4493 
99-  4757  4001  4845  4889  4933 
99-  S«96  Sa40  Sm4  53»  537^ 

3657  3701  3745  3789  3833 
4097  4141  4185  4229  4273 

4537   4581    4625   4669  4713 
4977   5021   5065   5>o8  5»52 
5416  5460  550*  5547  5591 

0      I      s      3  4 

56789 
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44 
44 
44 

44 

44 
44 
44 
44 
44 
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59 


N 

• 

01234 

5    6    7.   a  9 

D 

9&0 
991 

992 

993 
994 

99-  5635  5679  5723  5767  5811 
99-  6074   61 1 7    6161    6205  6249 

99-  6512    6555    6599   6643  6687 

99-  6949   6993    7037    7080  7124 

99-7306  7430  7474  75"7  IS^i 

5854  5898  5942  5986  6030 
6293  6337  6380  6424  6468 
6731  6774  6818  6S62  6906 
7168  7212  7255  7299  7343 
7605  7648  769*  7736  7779 

44 
44 
44 
44 
44 

005 

996 

997 
998 

999 

99-  7823  7867  7910  7954  7998 
99-  8259  8303  8347  8390  8434 
99-  8695  8739  8782  8826  8869 
99-  9131  9174  9218  9261  9305 
99-  9565   9609   9652   9696  9739 

8041  8085  8129  8172  8216 

8477   8521   8564  8608  86p 
8913   8956   9000  9043  9087 

9348    9392    9435    9479  9522 
9783   9826   9870   9913  9957 

44 
44 
44 

44 

43 

N 

01234 

567*9 

D 
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lUTBEMATICAL  TABLES. 


TABLE  Na  il.—HYPLKBOLlC  LOGARITHMS  OF  NUMBERS 

FROM  Z.OZ  TO  30* 


Suatm. 

NuBhar. 

Logarichn. 

<  Mumher. 

■ 

I.OI 

.0099 

1.3^ 

M      M  M 

•3075 

I. 71 

•53*5 

1  2.00 

.7237 

1. 02 

.0198 

1-37 

.3148 

1.72 

•5423 

;  2-07 

•7275 

.0296 

1.38 

.3221 

;  173 

.5481 

,  2.08 

•7324 

1.04 

•0392 

1-39 

•3293 

1.74 

•5539 

1  2.09 

•7372 

1.05 

.0488 

1.40 

•3365 

1  1-75 

.559^ 

2.10 

.7419 

1. 00 

.0583 

1.41 

•3436 

1.70 

•5653 

2.1 1 

aA  — 

.7407 

1.07 

.0677 

1.42 

•3507 

1.77 

.5710 

2.12 

•7514 

1.08 

.0770 

1-43 

•3577 

1.78 

.5766 

.7561 

1.09 

.0862 

1.44 

.3646 

i  179 

.5822 

2.14 

.7608 

r.  10 

•095.3 

j  1-45 

•3716 

1.80 

.5878 

2-15 

■7655 

I.I  I 

.  1044 

1.40 

•3784 

I.ol 



•5933 

2. 1 6 

.7701 

I.I2 

"33 

1.47 

•3853 

1.82 

.5988 

2.17 

•7747 

I.I3 

.1222 

1.48 

.3920 

1.83 

.6043 

2.18 

•7793 

I.I4 

.1310 

1.49 

.3988 

1.84 

.6098 

2.19 

•7839  * 

.1398 

1.50 

•4055 

1.85 

.6152 

2.20 

.7885 

1. 10 

.1454 

.4121 

I  .i50 

.0200 

2.2  I 

•7930 

1. 17 

•1570 

1.52 

.4187 

.  1.87 

.6259 

2.22 

•7975 

i.i8 

•1655 

1-53 

•4253 

!  1.88 

•6313 

1  2.23 

.8020 

1. 19 

.1740 

1-54 

.4318 

1.89 

.6366 

i  2.24 

.8065 

I.20 

.1823 

1-55 

.4383 

1.90 

.6419 

2.25 

.8109 

1. 21 

.1906 

1.50 

•4447 

1.91 

.6471 

2.26 

•8154 

1.22 

.1988 

1-57 

•45 1 1 

1.92 

•6523 

2.27 

.8198 

1.23 

.2070 

1.58 

•4574 

1-93 

•6575 

2.28 

.8242 

1.24 

.2151 

1-59 

•4637 

1.94 

.6627  1 

2.29 

.S286 

.2231 

1.60 

.4700 

1.95 

.6678 

2.30 

.8329 

1.26 

.2^1 1 

1.61 

Aids 

X  06 

1.27 

.2390 

1.63 

.4824 

^•97 

.6780 

2.32 

.8416 

1.28 

.2469 

'•63 

.4886 

1.98 

.6831 

233 

•8458 

1.29 

.2546 

1.64 

.4947 

1.99 

.6881 

2.34 

.8502 

1.30 

.2624 

1.65 

.5008 

2.00 

.6931 

2.35 

•8544 

'•3I 

.2700 

1.66 

.5068 

.6981 

2.36 

•8587 

1.32 

.2776 

1.67 

•5128 

2.02 

•7031 

2.37 

.8629 

1.33 

.2852 

1.68 

.5188 

2.03 

.7080 

2.38 

.8671 

1.34 

.2927 

1.69 

.5247 

2.04 

.7129 

2.39 

.8713 

..35 

.3001 

X.70 

.5306 

2.05 

.7178 

2.40 

.8755 
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1 

— 

2.41 

.8796 

2.81 

10332 

3  21 

1. 1663 

3.61 

1.2837 

2.42 

.8838 

2.82 

1.0367 

3.22 

1. 1694 

3.62 

1.2865 

2-43 

.8879 

2.83 

1.0403 

3-23 

I.I  725 

363 

1.2802 

2.44 

.8920 

2.84 

1.0438 

3-24 

1. 1756 

1  3-64 

1.2020 

2.45 

.8961 

2.85 

^•0473 

325 

1,1787 

3-65 

1.2947 

2.46 

.9002 

2.80 

1.0508 

3'*o 

I.1817 

3.66 

1.2975 

2.47 

.9042 

2.87 

'•OS43 

3^27 

1. 1848 

3-67 

1.3002 

2.48 

.9083 

2.88 

1.0578 

3.28 

1. 1878 

3.68 

1.3029 

2.49 

.9123 

2.89 

1.06 1 3 

329 

1.1909 

3-69 

1-3056 

2.50 

.9163 

2.90 

1.0647  1 

3.30 

1. 1939 

3.70 

1.3083 

2,51 

.9203 

2.91 

1.0682 

3-31 

1. 1969 

3-71 

I.3II0 

•9243 

2.92 

I.07I6 

332 

1. 1999 

3-7« 

I.3I37 

2.53 

.92S2 

a.93 

1.0750 

3*35 

1.2030 

3-73 

I.3I64 

2-54 

.9322 

2.94 

1.0784 

3-34 

1.2060 

3-74 

I.3I9I 

^55 

.9561 

2-95 

1.0618 

3>35 

1. 2090 

3-75 

1.3218 

2.56 

.9400 

!  , 

1  2.96 

1.0852 

336 

1. 2119  1 

3.76 

1.3244 

2-57 

•9439 

2.97 

1.0886 

3-37 

1. 2149  j 

!  3-77 

1. 3271 

3.58 

.9478 

2.98 

1. 0019 

1  338 

1. 2179 

3.78 

1.3297 

a.59 

•9517 

2.99 

1.0953 

3*39 

1.2208 

3-79 

1-3324 

2.60 

•9S55 

3.00 

1.0966 

3.40 

1.2238 

3.80 

1.3350 

www 

2.61 

•9594 

I.1019 

'  3-41 

1.2207 

3.81 

1.3376 

2.62 

.9632 

3.02 

i-»o53 

342 

1.2296 

3.82 

1.3403 

2.63 

.0670 

3-03 

1. 1086 

3-43 

1.2326 

383 

13429 

2.64 

.9708 

3- 04 

1. 1 1 10 

3-44 

'•2355 

384 

1-3455 

.9746 

3-05 

1.1151 

3-45 

1.2384 

3.85 

1.3481 

2.66 

•9783 

3.06 

I.II84 

3.46 

1.2413 

3.86 

1.3507 

a.67 

.9821 

3^07 

I.I2I7 

3-47 

1.2442 

3.87 

1-3533 

2.68 

.9858 

,  3-o8 

I. 1249 

348 

1.2470 

3.88 

13558 

2.69 

•9895 

3-09 

I. 1282 

3-49 

1.2499 

3.89 

1.3584 

2.70 

•9933 

3-IO 

I.I3I4 

3.50 

1.2528 

3.90 

1.3610 

t.71 

.9969 

3-" 

I.  1346 

351 

I255O  1 

3-91 

1.3635 

t.72 

1.0006 

I.I378 

352 

1.2585 

3.9^ 

1.3661 

t.73 

1.0043 

3-'3 

I.I4I0 

3*53 

1.2613 

3*93 

1.3686 

X.OO80 

3-14 

1. 1442 

3*54 

I.264I 

3-94 

1. 3712 

I.OII6 

1. 1474 

3*55 

1.2669 
* 

3^5 

1-3737 

2.76 

1. 0152 

t.i6 

I.I  <;o6 

«>• 

1.2608 

1.06 

i.'?762 
sj  t 

2.77 

I.0188 

317 

^•i537 

3.57 

1.2726 

3-97 

1.3788 

2.78 

1.0225 

3.18 

1.1569 

3.58 

1-2754 

3-98 

t.79 

1.0260 

3-19 

1. 1600 

3.59 

1.2782 

3-99 

■3*38 

Z.O996 

> 

3.ao 

I.i6^ 

x.2ao9 

4.00 

Diguizea  by  Coogle 


6i 


MATHEMATICAL  TABUS. 


NiDnbv* 

Numbor. 



NnalNf. 

4.02 

4.03 
4.04 

4.05 

T  7888 

1  .  < 

1-393''^ 
1.3962 

1-3987 

A  At 
4.41 

:  4.42 

4.43 
4.44 
4.45 

1. 486  I 
1.4884 
1.4907 
1.4939 

A  81 
4.82 

4-83 
4.84 

4.85 

1.5728 
1.5748 

1-5769  . 
1.5790 

5.22 
523 
5-24 

5.^5 

T  f\CCif\ 

1.6525 
1.6544 

1.6563 

1.6583 

4.07 
4.08 
4.09 
4.10 

1.4036 
1.406  I 
1.4085 
I.4IIO 

A  Af% 
4.4U 

4-47 
4.48 

4.49 
4.50 

1.4974 
1.4996 
1. 5019 
1.5041 

A  86 

4.87 

4.88 

4.89 

4.90 

I  c8io  ' 

I-583I 

1-5851 

1.5872  1 
1.5892 

c  26 

5.27 
5.28 

5-29 
530 

T  f\f\C\  I 
1  •\J\J\J  A 

1.6620 
1.6639 
1.6658 
1.6677 

All 
^  1  X 

4.12 

4.13 

4.14 

4.15 

'•4*34 

I.4159 
I.4183 
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TABLE  Ma  IlL— NUMBERS,  OR  D1A14ETEKS  OF  CIRCLES,  CUL- 
CUMFERENCES;  AREAS,  SQUARES,  CUBES,  SQUARE  ROOTS, 

AND  CUBE  ROOTS. 
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I  194.59 

1,521 

40 

125.66 

...  1256.64 

...  1,600 

41 

138.80 

1320.25 

1,681 

42 

131.95 

...  1385.44 

...  1,764 

Cube. 


r 
8 

27 

.  64 

125 
216 

343 
.  512 

729 
.  1,000 

»»33i 
.  r,728 

»,r97 

•  2,744 

3-375 
.  4,096 

4,913 

.  5,832 

6v359 
.  8^000 

9,261 

10,648 

12,167 

13^824 

15^625 

17.576 

19,683 

21,952 
24,389 

27,000 

29,791 
32,768 

3S»937 

39,304 

42,«75 
46,656 

50.653 

54.872 

59-319 
64,000 

68.921 

74,088 


SquarB 
Root. 


T.OOO 
r.414 

r.73a 

2.000 
2.236 
2.449 
2.645 
2.828 
3.000 
3*  162 
3*316 

3.464 

3^605 

3-  741 
3.872 

4.000 

4,123 

4. 342 

4.35« 
4.472 

4.5S2 
4.690 

4-  795 
4.898 

5.000 

5-  099 
5*196 

5-291 
5.385 
5-477 
5-567 
5-656 
5-744 
5-830 
5*916 
6.000 
6.082 
6. 164 
6.244 
6..^  24 
0.403 
6.480 


Root. 


I.OOO 

1.442 

1.587 

1.709 
1.817 

1. 912 
2.000 
3.080 

2.154 
2,223 
2.289 

2.351 

2.410 
2.466 

2.519 
2.571 

3.630 
3.668 

2.7r4 

2758 
2.802 
2.843 
2.884 
2.924 
2.962 
3.000 

3.036 

3.072 
3.107 
141 

174 

207 

-39 
3»»7> 
3.301 

3-332 
3361 
3-391 
3-4.19 
3-448 
3.476 


3- 

3- 

■> 

J- 
3- 
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NUMBERS*  OR  DIAMETERS  OF  aRCLES,  &C  6/ 


Number,  I 
or 

Grcnn* 

Circular 

Square. 

1 

Cubo. 

1 

Souarc 

KfRJ^j" 

Cub* 

43 

13509 

145  2.20 

1,549 

79*507 

■ 

0-557 

3503 

44 

130.23 

...  1520.53 

...  1,936 

  85»'84 

6.633 

3530 

45 

141*37 

2,025 

91*125 

6.708 

3556 

46 

'44-5^ 

.*•  Ivol.90 

...  ^110 

  97i336 

0. 702 

3-583 

47 

14705 

173494 

2,309 

A  ^  ^       ^  .A 

i03»8«3 

6.855 

3.608 

48 

150. SO 

...  1009.5" 

...  2.304 

  T  10,592 

£.      —  0 
0.920 

3634 

49 

153-94 

I  9.9.  e  A 
1505.74 

2,401 

117,649 

7.000 

3-659 

157.05 

...  1903.50 

...  2,500 

 125,000 

7.071 

3.684 

51 

T  n/*%  '9 
i  Uv/*  22 

20i^2.02 

2,601 

132,651 

7-141 

3-708 

52 

103.30 

...  2,704 

2,009 

 140,000 

7.21  I 

3.732 

53 

i48,»77 

7.200 

3-756 

54 

109^5 

...  3,916 

 157*464 

7.348 

3.779 

55 

172.79 

*375*<»3 

3»025 

166,375 

7.416 

3.802 

50 

175-93 

...  2403.01 

•  •  3»i36 

 T75»6io 

7483 

3825 

57 

179.07 

255*70 

3-49 

185,193 

7-549 

3.848 

5« 

I  02.  2  I 

•  .  .  2U42.OO 

••-  3*364 

 -  195*112 

7-615 

3-870 

59 

i*5-35 

273397 

!    3*48 1 

205,379 

7.681 

3.892 

00 

100.50 

...  a»27.43 

...  3,600 

 216,000 

336,981 

7-745 

3-914 

i9i«o4 

3»72i 

7.810 

3.936 

it- 
OS 

194.79 

...  3019*07 

...  3,844 

 238>338 

7.874 

3.957 

03 

197.93 

3117-25 

A  —  ^  _ 
3f969 

250,047 

7.937 

3.979 

64 

20  l.WU 

...  3210.99 

 262,144 

0.000 

4.000 

05 

A\J^,  2  V 

33*o-3* 

274,625 

5.002 

4.020 

00 

20734 

...  3421.19 

.   ....  /I 

--.  4,350 

 287,496  1 

8.124 

4.041 

A«* 
67 

«  1  w.^u 

3525-05 

4,459 

300,763  i 

8.185 

4.061 

21303 

•••  303 '-Oo 

...  4,624 

 314.432 

5,246 

4.081 

69 

vlv«y  / 

3739.39 

4,761 

328,509 

0.306 

4.IOI 

70 

319*9' 

...  3840^45 

...  4,900 

 343,000 

0  re 
8.366 

4.121 

71 

3959»*9 

5»04i 

357,9" 

0.426 

4.140 

2  2U.  i  U 

...  4071.50 

...  5,184 

 373*248 

8.485 

4.T6O 

73 

229.34 

4105-39 

1  5*329 

389*017 

8.544 

4.179 

74 

...  4300.54 

...  5,476 

 405,224 

0.602 

4.198 

75 

235-02 

44  ^  /  -oxj 

5*625 

421,875  1 

5.600 

4.217 

76 

230.70 

-••  4530-40 

•  --  5*776 

 438,976  1 

8.717 

4-235 

77 

9  A  T 

2^1. 9^ 

4''50'03 

5*929 

456,533 

8.744 

4-254 

7» 

^5-04 

...  477<'*3^ 

...  (^084 

 474,552 

8.831 

4.272 

79 

240.  lU 

49^'*^  7 

6,241 

493,039 

0  000 

4.290 

oO 

25'-33 

...  5020.55 

...  6,400 

 512,000 

8.944 

4.308 

Ol 

254-47 

5153-00 

6,561 

531*441 ! 

9.000 

4.326 

o2 

257.01 

...     S  J 0  1  .U2 

...  6,724 

 551*368  , 

9-055 

4-344 

83  1 

200.75 

ff   4  T         A  T  ' 

1  6,559 

571-787 

I  9.110 

4.362 

84  1 

203.09 

•••  5541-77  j 

...  7,056 

 592,704  j 

9.165 

4-379 

85 

267.03 

5674-50 

7*225 

614,125  1 

9.219 

4.396 

86 

170.18 

...  5808.80 

7*396 

......  636,056  , 

9-273 

4.414 

87 

273.32 

5944.68 

7,569 

658,503 

9.327 

4.431 

88 

276.46 

...    6082.  T  2 

.  .  7.744 

 681,472 

9.380 

4.447 

89 

279.60 

6221.14 

7,921 

704*969 

1  9-433 

4.461 

90 

2^2.14 

...   6361.73  1 

1 

...  8,100 

 729,000 

1  9.486 

4.481 
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MATHEMATICAL  TABLES. 


Number, 

Circum- 

Circular 

1 

Sqfmn. 

Square 
RooL 

Cube 

or 

Diameter. 

ference. 

Arcsu 

Root. 

91 

285.88 

6503.88 

8,281 

753.571 

9*539 

4.497 

92 

289.03 

...  6647.61 

...  8.464 

  778,688 

9.591 

4-514 

93 

292.17 

6792.91 

8,649 

804,357 

9643 

4.530 

94 

295-31 

...  6939.78 

...  8,836 

 830,584 

9.695 

4- 546 

95 

298.45 

7088.22 

9»o25 

857,375 

9.746 

4.562 

96 

301-59 

...  7238.23 

...  9,216 

 884,736 

9-797 

4578 

97 

304.73 

7389-81 

9,409 

912,673 

9.848 

4.594 

98 

307.88 

...  7542.96 

...  9,604 

 94i,>92 

9.899 

4.6ZO 

99 

311.02 

7697.69 

9,801 

970,299 

9*949 

4.626 

100 

314.16 

7853.98 

...  10,000 

...  1,000,000 

10.000 

4.641 

lOI 

317-30 

8011.85 

10,201 

1,030,301 

10.049 

4657 

102 

320.41 

...  8171.28 

...10,404 

..  1,061,208 

10.099 

4.672 

103 

323.58 

8332.29 

10,609 

1,092,727 

10.148 

4.687 

104 

326.73 

...  8494,87 

...10,816 

...  1,124,864 

10.198 

4.702 

105 

32987 

8659.OZ 

11,025 

1,157,625 

10.246 

4-717 

106 

333-01 

...  8824.73 

...zz,236 

...  z,x9i,oi6 

10.295 

4.732 

107 

336.15 

8992.02 

11,449 

z,225,043 

10.344 

4.747 

108 

339- 29 

...  9160.88 

...11,664 

1,259,712 

10.392 

4.762 

109 

342.43 

9331-32 

'  11,881 

1,295,029 

10.440 

4.776 

no 

345-57 

•--  9503.32 

...12,100 

...  1,331,000 
1.367.631 

10.488 

4.791 

III 

34i>-72 

9676.89 

12,321 

10.535 

4.805 

112 

35 1-86 

...  9852.03 

...12,544 

...  1,404,928 

10.583 

4.820 

355-00 

ZOO28.75 

12,769 

1,442,897 

10.630 

4.834 

114 

358.14 

...10207.03 

...12,996 

...  1,481,544 

10.677 

4.848 

115 

361.28 

10386.89 

13.225 

1,520,875 

10.723 

4.862 

116 

364.42 

.10568.32 

'..•i3'456 

...  1,560,896 

10.770 

4.876 

117 

367-57 

10751.32 

13,689 

1,601,613 

10.816 

4.890 

118 

370.71 

...10935.88 

...13,924 

1,643,032 

10.862 

4.904 

119 

373.85 

I  1 1  22.02 

1 4. 1 6 1 

1,685,159 

10.908 

4.918 

120 

376.99 

...11309.73 

...  14,400 

...  1,728,000 

10.954 

4.932 

121 

380.13 

1 1 499.01 

14,641 

1,771,561 
...  1,815,848 

1 1. 000 

4.946 

122 

38327 

...z  1689.87 

...14,884 

11.045 

4.959 

123 

386.42 

ZZ882.29 

15,129 

z,86o,867 

ZZ.090 

4.973 

124 

389.56 

. . .  1 2076.28 

...15,376 

...  z,9o6,624 

11.135 

4.986 

125 

392.70 

12271.85 

15.625 

1,953,125 

11.180 

5.000 

126 

39584 

...12468.98 

...15,876 

...  2,000,376 

1 1.224 

5-013 

127 

398.98 

1 2667.69 

,  16,129 

2,048,383 

1 1.269 

5.026 

128 

402.12 

...12867.96 

'...16,384 

...  2,097,152 

11-313 

5.039 

129 

405.26 

13069.81 

1  16,641 

2,146,689 

11-357 

5.052 

130 

408.41 

...13273.23 

...16,900 

...  2,197,000 

11.401 

5.065 

131 

411  55 

13478.22 

17,161 

2,248,09Z 

"445 

5.078 

132 

414.69 

...13684.78 

....17,424 

...  2,299,968 

ZZ.489 

5.091 

133 

417-^3 

1 3892.91 

17.689 

2,352,637 

11.532 

5.104 

f  '3  < 

4.20  07 

1 .1 1  02  61 

...  I  /,950 

...  2,400,104 

5.  1  17 

135 

424. 1 1 

14313.88  i 

18,225 

2,460,375 

11.618 

5.129 

136  , 

427.26 

...14526.72 

..18,496 

•••  2,515,456 

I  I. 661 

5.142  ! 

137 

430.40 

I474I.I4 

,  18,769 

2,571,353 

11.704 

5.155 

138  1 

433.54 

...I4957.Z2  1 

....  19,044 

...  2,620,872 

1  11.747 

5-167 

Digitized  by  Google 


NUMBERS,  OR  DIAMETERS  OF  CIRCLEb,  &c.  69 


'  Number,  j 

1 

Ouunctcr.! 

Circum- 
ference. 

Area. 

Cube 

Root. 

Root 

43668 

15174.68 

19,321 

2,685,619 

11.789 

5.180 

140 

439.82 

...15393.80 

...  19,600 

...  2,744,000 

11.832 

5.192 

141 

442.96 

15614.50 

19,881 

2,803,221 

11.874 

5.204 

142 

446. 1  I 

..•15836.77 

...20,164 

...  2,863,288 

1 1. 916 

5-217 

143 

449.25 

i6o6a6i 

30,449 

2,924,207 
...  2,985,984 

11.958 

5.229 

144 

45239 

...16386.0a 

...30,736 

13.000 

5-241 

455-53 

16513.00 

31,035 

3,048,635 

13.041 

5-a53 

146 

458.67 

...16741.55 

...21.316 

...  3,112,136 

13.083 

5«65 

147 

461.81 

1697 1.67 

21,609 

3,176,523 

12.124 

5277 

148 

464.96 

...17203.36 

...21,904 

...  3,241,792 

12.165 

5.289 

149 

468.10 

17436.62 

22,201 

3,307,949 

12.206 

5-301 

471.24 

...17671.46 

...22,500 

...  3,375,000 

12.247 

5-313 

474-38 

17907.86 

22,801 

3,442,951 

12.288 

5-325 

477.52 

...18145.84 

...23,104 

...  3.5"»8o8 

12.328 

5-336 

153 

480.66 

18385.39 

«3>409 

3*581,577 

12.369 

5.348 

154 

483.80 

...18626.50 

...33,716 

—  3*653,264 

13.409 

5.360 

155 

486.95 

18869.19 

24,025 

3,723,875 

12.449 

5-371 

156 

490.09 

...19113.45 

■..24,336 

...  3,796,416 

12.489 

5-383 

157  ' 

493- 23 

19359-28 

24,649 

3,869,893 

12.529 

5-394 

158 

496.37 

.,.19606.68 

...24,964 

...  3,944,312 

12.569 

5.406 

499-51 

19855.65 

25,281 

4,019,679 

12.609 

5-417 

160 

502.65 

...30106.19 

...25,600 

...  4,096,000 

12.649 

5.428 

161 

505.80 

«0358.34 

«5»9ai 

4»i73>a8i 

12.688 

5440 

162 

508.94 

...2061 1.99 

...26,244 

...  4»25'»528 

13.727 

5.451 

163 

512.08 

20867.24 

26,569 

4,330,747 

12.767 

5.462 

;  164 

515-22 

...21 124.07 

...26,896 

...  4,410,944 

12.806 

5-473 

518.36 

21382.46 

27,225 

4,492,125 

12.845 

5-484 

166 

1  521.50 

...21642.43 

•  ■27,556 

••  4,574,296 

.  12.884 

5-495 

524.65 

21903.97 

27,889 

4,657,463 

12.922 

5.506 

168 

527.79 

...33167.08 

...28,224 

...  4,741,632 

12.961 

5517 

169 

53093 

32431.76 

28,561 

4,836,809 

13.000 

5.528 

i  X7O 

534.07 

...32698.01 

...38,900 

4»9i3»ooo 

13.038 

5.539 

171 

537.21 

22965.83 

I  29,241 

5,000,211 

13.076 

5.550 

172 

540.35 

...23235.22 

1... 29,584 

...  5,088,448 

13.114 

5561 

173 

543.50 

23506.18 

!  29,929 

5,177,717 

13.152 

5-572 

^74  1 

546.64 

...23778.71 

...30,276 

...  5,268,024 

13.190 

5-582 

175 

549.78 

24052.82 

30,625 

5,359,375 

13.228 

5.593 

176 

552.92 

...24328.49 

...30,976 

•••  5,451,776 

13.266 

5.604 

556.06 

34605.79 

31,329 

5>545»233 

13.304 

5.614 

178 

559.20 

...24884.56 

..311684 

5»639»752 

13-341 

5.625 

179 

562.34 

25164.94 

32.041 

5,735,339 

13-379 

5.635 

180 

5  65 -49 

...25446.90 

...32,400 

...  5,832,000 

13.416 

5.646 

181 

568.63 

25730.43 

32,761 

5,929,741 

,  13-453 

5.656 

182 

571-77 

...26015.53 

...  '^^,124 

...  6,028,568 

I'?.JOO 

S.667 

'83 

574-91 

26303.30  ; 

33,489 

6,128,487 

i3-5-'7 

5-677 

184  1 

578.05 

...36590.44 

..■33,856 

...  6,229,504 

13-564 

5.687 

185 

581.19 

36880.35 

34,225 

6,331,625 

13.601 

5.698 

186 

584-34 

...37171.63 

1  •34»596 

...  6,434,856 

13.638 

5.708 
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70  MATHEMATICAL  TABLES. 


Number, 
or 

Circum- 

Circular 

Square. 

Cube. 

Square 

Cube 

Diameter. 

ference. 

Area. 

Roou 

Root. 

l8? 

27464.  (!Q 

2J.  q6q 

6  c iQ  202 

I  1  67  A 

C  7l8 

i88 

>;  00.62 

...27750.II 

. .  144 

6.644.672 

1 1. 7  I  I 

c  728 

i8o 

«;q^.76 

28055.2 1 

6.7  CI. 260 

1 1  747 
*  J.  #4/ 

?  718 

ZOO 

i;o6.oo 

...28^^2.87 

■26  100 

6  8^0  000 

1 1  784 
*  O-  1  "4 

?  748 

J.  /  4*^ 

I  O  I 

600.04 

286c;2.i  I 

^6  481 

6.067.8  7 1 
*'»y'^  /,"/'■ 

11  820 

C  7C8 

I  02 

601. 10 

...280^2.02 

16  864 

7  077.888 

12  8c6 

c  768 

*  J  J 

606.  "l^ 

•27.240 

7. 180. os;? 
<  >  *  "y>^o  / 

I  1.802 

«;.778 

I  QA 

600.4,7 

...20^^0.26 

17.626 

7.201.284 

I  1  028 

«;  788 

612.61 

20864.77 

18.02 

7.4 1  J. 87 

I  1.064 

<;.7o8 
J"  /  y" 

I  o6 

61  7? 

...^0171.86 

18  4l6 

7.C20  C  26 

1 4.000 

c  808 

618.89 

90480.^2 

118.800 

7.64C.279 

62  2.0 

10  20A 

7  762  202 

c  828 

62=;. 18 

■?i  102. tjt; 

7  880  COO 

14. 106 

c  828 

628.32 

...t  141  s.O^ 

8  000  noo 

I  A  I A2 
*  4*  *  4 

c  8a8 

20  I 

6^  1.46 

■II  7^0.87 

AO  40  I 

8  1 20  60 1 

1 4_  I  77 

5  8C7 

202 

6  i4.Co 

.  .  .  ^2047.^0 

AO  80A 

8  2J.2  A08 

1 4. 2  I  2 

K  867 

637.74 

^2'i6t;.47 

AT. 200 

8  26c  All 
^iOr*ji'\^  1 

14.247 
•4**4  / 

c  877 

9r\A 

640.88 

...^268^.1'f 

AI  616 

14.282 

c  886 

»o5 

644,0^ 

1^006. 1 6 

^9  09  C 

it  fkjc  i9e 

lA.  91 7 

c  806 

647.17 

...-J-J  ^20.l6 

...  O^y^lyOlU 

¥  j|    2  C  2 

c  00  c 

5-905 

6  q  0.  ?  I 
i  6i;^.4t; 

'l'?6£:i.t;"i 

00    JO  JO 

8  860  7A1 

14.287 

C  0  T  C 
5.9*5 

2o8 

...  "1070.47 

8  no8  0  T  9 

I A  A2  2 

C  0  2  /I 

1  6q6.t;o 

^4^06.08 

42  681 

I A  AC6 

c  0  2  1 

2IO 

61; 0.7  ^ 

...^46  i6.o6 

yi  yi  I  no 

0  ?6 1  000 

I A  AO  I 

c  0  1  2 
5- 943 

2  11 

663.88 

'14Q66.7I 

0  202011  1 

I  A  C  2  C 

c  oc  2 

666.02 

...ti;208.04 
• '  oj    J  7^ 

•••44>y44 

a  C28  1  28 

I A  c6o 

c  0/19 

669.16 

iq6^2.7^ 

AC  160 

0  661  C07 

14  CO/1 

C  072 

1  672.^0 

.,.'ico68.oo 

•••45»790 

...  9)000,344 

lA  698 
a^.U*0 

5.901 

21 

675.44 

36305.03 

46.22 

0.018.17  c 

14.662 

c.ooo 

2  1  ^1 

1  678.(18 

...^664^.61 

•  •  •  4"j"d'-' 

To  0.77  f\n(\ 

T  A  C\C\(-\ 

2  17 

681.7 1 

^608^.61 

.1  7  oXn 
4  /  j^Oy 

\  A  710 

fx  r\r\c\ 

2l8 

684.87 

•••'?7325.26 

•  •  "4  /O  "4 

1 0  *6o  2  2  2 

Id  76a 

*  4'  /  "4 

6.018 

210 

688.01 

37668.48 

J.7.()6  I 
4  1  iv'^  '■ 

10  AkQ 

lA  708 

*4'  /  y" 

6027 

220 

601. 1  c 

...38013.27 

A R  Aon 

10  r»  1  000 

lA  812 

6026 

221 

604.20 

✓  •  ✓ 

38350.63 

10.701. 861 

14.866 

6.  OA  c 

222 

w  W  M 

607.4^ 

...38707.56 

4.0.284 

I0.04I  048 

...                 &  .WAV 

14.800 

6  occ 

700.  t;  7 

'?0OS7,O7 

4y»7*9 

f  J  0  2  ? 

f\  r\f\  A 

U.  WL>  A 

224 

703.72 

...30408.14 

Co  T  76 

T  T  '»  20  /I  '>yl 

•  •  •  *  * jy>4-4 

1 4. 966 

6  07  2 

22 

706.86 

'?076o,78 

CO  6 2  c 

I  1  2 no  62c 

I  c  oon 

6  082 

226 

1  710.00 

..,401 1  s.oo 

C  T  076 

II  cn  176 
•  •  •  *  *  04^^»  *  / " 

1  c  0  2  2 

6  on  T 

22  7 

713.14 

40470.78 

CI  c  20 

1  I  6()7  08  2 

1  I  c  066 

G  I  no 

228 

716.28 

...40828.14 

11  8C2  2C2 

1  I  c  000 

6  1 00 

220 

719.42 

41187.07 

C2  AA  I 

12.008  oSo 

1  C  12  2 

6  118 

230 

1  722.57 

•.41547.5^ 

...52,900 

...12,167,000 

15.165 

6.126 

231 

725-71 

'  728.85 

41909.63 

53*361 

12,326,391 

1  15.198 

6.135 

232 

...42273.27 

•53,824 

...12,487,168 

15.231 

6.144 

233  I 

731.99 

426;,8.48 

54*289 

12,649,337 

15.264 

6.153 

234  1'  735.13 

-  It 

...43005.26 

...54.756 

...12,812,904 

^5.297 

6.162 

NUMBERS,  0&  DIAMJEXERS  OF  CIRCLES,  &c. 


71 


Number, 
or 

Diuneter. 

236 

237 
238 

«39 

oio 

242 

243 
244 

245 
246 

«47 
246 

250 

251 
252 

253 
254 
ass 

aS7 
^58 

259 
260 
261 
262 
263 
^4 
265 
266 
^67 
268 
269 
^70 
271 
•  272 

273 
^74 

275 
276 

277 
278 

279 

J2B0 

26< 

jaS2 


CmauD* 


738^27 
741.42 
744.56 

747-70 
750.84 

753.9« 

757.12 

760.26 

763.41 
766.55 
769.69 
772.83 

775-97 
779.11 
782.26 

785.40 

788.54 
791.68 

794.82 

797.96 

801.11 

804.25 

807.39 
810.53 

813.67 

8i6.8r 

819.96 

823.10 

.826.24 

829.38 

832.52 

835.66 

838.80 

841.95 

845.09 

848.23 

851-37 
8S4.51 

857.65 
860.80 

863.94 

867.08 

870.22 

873.36 
876.50 

879.65 

882.79 

^$-93 


CitEular 
Area. 


43373-61 

.43743.54 

441^5-03 
^488.09 

4*862.73 

45238.91 
45616.71 

45996.06 

46376.98 

46759.47 

47143.52 
47529.16 

47916.36 
48305.13 
48695.47 

49087.39 
49480.87 

49875.92 
50272.55 
50670.75 
51070.52 
51471.86 

51874.76 

52279.24 
52685.29 
53092.96 
53502.11 
53912.87 

54325.21 

S47$9JH 
55»54.59 

55571.63 

55990.25 

56410.44 
56832.20 

57255-53 
57680.43 

58106.90 

58534-94 
58964-55 
59395-74 
59828.49 

60262.82 
60698.72 
61136.18 
61575.22 
62015.82 
62458.00 


1   

CMbt. 

Lube 

Kdoi. 

Root. 

55,225 

12,977,875 

15.329 

6. 171 

...55,696 

...13,144,256 

1  15-362 

6.r79 

56,169 

13,312,053 

!  15.394 

6.188 

...56,644 

...13,481,272 

1  15.427 

6.197 

57»i2i 

13,651*919 

...13,824,000 

15-459 

6.205 

15-491 

6.214 

58,081 

«3f997»5" 

»5.S24 

6.32.3 

...58,564 

...14,172,488 

15-556 

6.231 

1  59,049 

14,348,907 

15.588 

6.240 

(.•  59.536 

...14,526,784  ' 

15.620 

6.248 

60,025 

14,706,125 

15652 

6.257 

...60,516 

...14,886,936 

15.684 

6.265 

61,009 

15,069,223 

15.716 

6.274 

...63^504 

--15.252,992 

15.748 

6.382 

i5*438>349 

»5.779 

6.291 

...62,500 

...15,625,000 

15. 811 

6.299 

63,001 

15,813,251 

15.842 

6.307 

•  ••63,504 

...  16.003,008 

i  15^874 

6.316 

64,009 

16,194,277 

15905 

6.324 

...64,516 

...16,387,064 

1  15.937 

6.333 

65,025 

16,581,375 

1  15.968 

6.341 

..•65,536 

...16,777,216 

10.000 

6.349 

66,049 

'6,974.593 

16.031 

6.3S7 

.66,564 

..«7>»73,5" 

16.062 

6.366 

67,081 

17,373,979 

1  16.093 

6.374 

...67,600 

•17,576,000 

16.124 

6.382 

68,121 

17.779.581 

16.155 

6.390 

...68,644 

...17,984,728 

,  16.186 

6.398 

69,169 

18,191,447 

16.217 

6.406 

...69,096 

18,399,744 

16.248 

6.415 

7o»a25 

18,609,625 

16.278 

6.423 

...70,756 

...18,821,096 

1  16.309 

6.431 

71,289 

19,034,163 

...19,248,832 

1  16.340 

6.439 

...71,824 

16.370 

6.447 

72,361 

19,465,109 

16.401 

6.455 

...72,900 

...19,683,000 

16.431 

6.463 

73,441 

19,902,511 

16.462 

6.471 

•  .73,984 

...20,123,648 

«o,346,4i7 

16.492 

6.479 

74»5»9 

16.522 

^  A 

6.487 

...75,076 

...20,570,824 

16.552 

6.495 

75,625 

20,796,875 

16.583 

6.502 

...76,176 

...21,024,576 

16.613 

6. 5  10 

76,729 

21,253.933 

16.643 

6.518 

...77,284 

...2  1,484.0^3 

r  6  6  7  ? 

6.  c;26 

77,841 

21,717,^39 

,  16.703 

6.534 

...78,400 

...21,952,000 

16.733 

6.542 

78,961 

22,188,041 

16.763 

6.549 

— 79r5»4 

...22,425,768 

1  16.792 

6.557 
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;2  MATHEMATICAL  TABLES. 


Number, 

or 

Circum- 

Circular 

v>uDe. 

Square 
Root. 

Cube 

Diameter. 

Aiw. 

Rooc 

203 

oo9>v  7 

00,009 

22,005,157 

fA 

1 0.02  2 

0.505 

0\i*,Si  1 

••  •"3347'07 

. .  .00,050 

..  .22,900,304 

i  0.05  2 

0.573 

205 

<'95'35 

^9*704  09 

*'3793*97 

«>*>225 

23>*49»*25 

ID.OO  I 

A  r8<^ 
O.50O 

200 

090*49 

...04242.43 

. .  .01,79^ 

•••23,393»"5" 

1 0. 9  X 1 

A  rfift 

207 

9wl«U4 

A^no9  iin 
U4^9  ^4 

02,309 

23j039»903 

10.941 

A  r  #x  A 
0.590 

200 

...05144.07 

...02,944 

9  T  887   8t  -> 
...23,557,072 

1  u.  y  7  0 

6.603 

209 

907.92 

"5597-24 

o3»52» 

24*137*509 

1  J. 

A    A  T  T 

0.0  I  I 

T  T  f\f\ 

•  -  0005  1 .99 

.  .  .  04,  I  00 

. . .  24,3"9>ooo 

6.6 1 9 

291 

A/i  c n8  90 

04*00 1 

24,042, 171 

*  7.059 

6.627 

292 

9 *  /•  J4 

AA066  10 

...05,204 

9 A  Ro7  088 

. . .  24*09  /  ,^00 

I  7  088 

0.034 

293 

920.49 

/%1  At  S  fkC 

fir  Si.*t\ 

65,549 

25*^53*757 

V  t    Y  Y  .f 

I7.II7 

A  A^A 
0.042 

294 

923*03 

67886  68 

ji«6 
...00,430 

•••*5»4»*»*«»4 

■  t  tii6 

0.049 

920.77 

^Af^tO  9^1 

00349. ZO 

07*025 

'5>"/*»375 

1  /•  1 70 

A  Ar** 
0.057 

290 

929.91 

AXA  f  7  .4  C 
...00013.45 

. .  .07,0  I  0 

•••25,934,330 

17.205 

A  AA  . 

0. 004 

297 

933  °5 

9    ly'  y 

00,209 

20, 1 9~'073 

1 7234 

6.67  2 

290 

93"-  *y 

f\(\1  A  ft  CO 

. .  .09  / 4U.5W 

.  .  .  00,004 

...26,463,592 

1  7.ZO3 

0.0  y  9 

299 

939-34 

70    I  c  1 
70Z  15.30 

09,401 

20,730,099 

T  to 

i  y.  2y 2 

A  Afi.i. 
0.057 

300 

n  4  9  /I  R 

7o6Xc  Si 
...70005.03 

,  .90,000 

A  to   ^N^^^^  ^^^N^^ 

. , .  2y,OOQjOOO 

17.320 

6.694 

301 

943*"* 

T 1 1 e  9  R6 

90,00  1 

2  7>2  70,901 

17    7  yl  0 

*  7*349 

0.702 

302 

VAV*  /V 

1167 1  c 
...710J1.45 

•  .*9i>2v4 

...27»543»''*'<' 

27,010,127 

17.370 

OCT  no 
951.90 

T  9  T  ofi  7 

91,009 

17.407 

0.717 

3°4 

95?  •'-'4 

...72503.30  ' 

...92,410 

...20,094,404 

*  7.430 

6.724 

3°5 

950. 19 

7  706  I  66 

93^025 

25,372,025 

17.404 

0.731 

300 

9" '  -33 

7  7  C  4  T    C  yl 

•••7354>o4 

...93,030 

,  .  ,  20)05  2,U  I  0 

*  7-493 

6.739 

307 

C\(\A  A  7 
9U4.4/ 

T  Ad'i  1  no 

740.^^.99 

94,249 

20,934,443 

'7-52I 

A  7  4A 
0.740 

300 

W\/  /  •  V  m 

7  yl  C06  0  T 

...94,004 

. . .  2<)j  2  1      1  I  2 

*7-549 

^  ■«% 

0-/53 

309 

9/w>.75 

Tiiono  60 

95»4oi 

29*503*029 

1  7  C78 

*7'57o 

A  7  A  » 
0.  70  I 

9/3*oV 

...7547V.7U 

aA  vma 
•  .•90,100 

...29»79i»ooo 

T<>  AaI 

1  O.7OO 

4  T  T 
311 

07  701 

9/  /-"J 

90,721 

30»ooo,23 1 

*7'035 

A  7  .*  f 
0.775 

312 

nSo  1  S 

\jO^ ,  1  0 

lf\  A  C  1  Xo 

•••97»344 

•••3o»37i>32o 

I  7.003 

0. 702 

3^3 

oX  I  2  "> 

7 6o>i  /I  6 7 
70944.07 

'  97>9"9 

30,004,297 

1  7.092 

0.759 

314 

086  ^6 

7  7^17  12 

...95,590 

•••30,959**44 

17.7 

6.797 

ITT 

3*5 

080  60 

7  70  2  I  12 

99*225 

3^255,075 

t  7  7/l8 
*  7.740 

0. 004 

310 

002  7 A 

78/4  26  7  2 

...99,550 

•3^,554,490 

«  to    to  to  A 

17.770 

A  8  1  V 
0.5  I  I 

3*7 

00^.88 

7802^  88 

1       >i  8n 
i  00,409 

31*055*0*3 

I  7  80.4 

A  At  ft 
0.0 1 0 

310 

000.01 

.70A29.6o 

101,124 

••.32*157*432 

I  7.032 

0*020 

3*9 

1002. 1 7 

ioi,7vi 

32,401,759 

T7  8A0 

1 7^000 

A  84 .« 
0.033 

T  00  C  •?  I 

8n  4  2/t  77 

102,400 

...32,700,000 

T7  888 
I  7.0OO 

6.539 

looS 

S0028  2  I 

»03»04i 

33,070,101 

I  7.9 

A  8  J .» 
0.547 

'J    0  1 

322 

8  1  4  7  ?  9  2 

103,054 

-» -7  ->8A  •»  J  8 

■/•33'3^o,245 

I  7.944 

0.554 

'5  ^ 

323 

I  0  IJ.  7  t 

81020  80 

104*329 

33*09^,207 

1  to  T 

I  7.972 

A  ^A  I 
O.oO  1 

324 

IOI7  88 

82>li47  06 

104,970 

...34,01  2,224 

1 0.000 

0.505 

'5  '7  F* 

325 

A  W«  A* \#  V 

o«y^7«vo 

105,625 

34,325,125 

Vft  A«R 

A  8n  - 
0*675 

326 

1024.16 

...83468.98 

106,276 

••34*645*976 

18.055 

6.882 

327 

1027.30 

83981.84 

106,929 

34»0Sf783 

18.083 

6.889 

328 

1030.44 

...84496.28 

107,584 

.•.35»a87,552 

18.I  II 

6.896 

329 

1033.58 

85012.28 

108,241 

35,611,289  1 

18.138 

6.903 

1 

1036.73 

..•05529.66  108,900 

••35*937,000  , 

18.166 

6.910 
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NUMBERS,  OR  DIAMETERS  OF  CIRCLES, 


Number, 
or 

^^iMiiCicr> 

Circum- 
ference. 

Grcular 
Area. 

Cub*. 

Square 

KOOC 

Cube 
Root. 

331 

1039.87 

86049.01 

109,561 

36,264,691 

18.193 

6.917 

332 

1043.01 

...86569.73 

110,224 

••36,594,368 

18.221 

6.924 

333 

1046.15 

87092.02 

110,889 

36,926,037 

18.248 

6.931 

334 

1049.29 

...87615.88 

111,556 

•••37,259J04 

18.276 

6.938 

335 

1052.43 

88141.31 

112,225 
112,896 

37,595,375 

18.303 

6.945 

336 

1055-57 

...88668.31 

■■•37,933,056 

18.330 

6.952 

337 

1058.72 

89196.88 

"3*569 

38,272,753 

18.357 

6.959 

338 

1061.86 

...89737.03 

114,344 

...38,614,473 

18.385 

6.966 

339 

1065.00 

9035^74 

11^931 

38,958,319 

18.412 

6.973 

340 

1068.14 

...90792.03 

115,600 

...39.304,000 

18.439 

6.979 

341 

1071.28 

91326.88 

116,281 

39,651,821  1 

18.466 

6.986 

342 

1074.42 

...91863.31 

1 16,964 

...40,001,688 

18.493 

6-993 

343 

1077.57 

92401.31 

117,649 

40,353,607 

18.520 

7.000 

344 

1080.71 

...92940.88 

"8,336 

..■40,707,584 

18.547 

7.007 

345 

1083.85 

93483.03 

"9,025 

41,063,625 

18.574 

7.014 

346 

1086.99 

...94034.73 

119,716 

...41,431,736 

18.601 

7.020 

347 

109a  13 

94569.01 

130,409 

4i,78i,9«3 

18.628 

7.037 

348 

1093.27 

...95114.86 

121,104 

...42,144,192 

18.655 

7.034 

349 

1096.42 

95662.28 

121,801 

42,508,549 

18.681 

7.040 

350 

i  1099.56 

...9621 1.28 

122,500 

...42,875,000 

18.708 

7.047 

351 

1 102.70 

96761.84 

123,201 

43,243,551 

18.735 

7.054 

352 

1105.84 

...97314.76 

123,904 

...43,614,208 

18.762 

7.061 

353 

1108.98 

97867.68 

134,609 

43,986,977 

18.788 

7.067 

354 

III3.I2 

...98433.96 

ia5»3i6 

...44,361,864 

18.815 

7.074 

355 

1115.26 

98979.80 

126,025 

44,738,875  , 

18.842 

7.081 

356 

1 1  18.41 

...99538.22 

126,736 

...45,118,016 

18.868 

7.087 

357 

II21.55 

100098.21 

127,449 

45,499,293 

18.894 

7.094 

358 

1 124.69 

100659.27 

1 28,164 

...45,882,712 

18.921 

7.101 

359 

1127.83 

101222.90 

128,881 

46,268,279 

18.947 

7.107 

360 

1130.97 

101787.60 

129,600 

...46,656,000 

18.974 

7.114 

361 

1 134. 1 1 

102353.87 

130,321 

47,045*881 

19.000 

7.120 

36a 

ii37.«6 
X  140.40 

XO393I.73 

131,044 

• -47,437,928 

19.026 

7.127 

363 

XO349I.X3 

I3i»769 

47,832,147 

19.052 

7.133 

364 

"43-54 

104062.13 

132,496 

...48,228,544 

19.079 

7.140 

365 

1146.68 

104634.67 

133.225 

48,627,125  ' 

19.105 

7.146 

366 

1  1149.82 

105208.80  i 

133*956 

...49,027,896 

19.131 

7.153 

367 

1  1152-96 

105784.49 

134,689 

49,430,863 

19157 

7.159 

368 

1156.11 

106361.76  1 

135,424 

■■•49,836,032 

19.183 

7.166 

369 

1159-25 

106940.60  1 

136,161 

50,243,409 

19,209 

7.172 

370 

1163.39 

IO753I.OI  1 

136,900 

...50,653,000 

19-235 

7-179 

371 

"65.53 

108103.99 

137,641 

51,064,811 

19.261 

7.185 

372 

1168.67 

108686.54 

138,384 

••5i»478,848 

19.387 

7.192 

373 

1171.81 

109271.66  ' 

139^129 

51,895,117 

19-313 

7.198 

1 1 7 J.  06 

1008^8 

T  7Ci  87^ 

*39?°7" 

■  •52,3^3,024  ' 

19-339 

7.205 

375 

1178.10 

110446.62 

140,625 

52,734.375  1 

19365 

7.2  II 

376 

1 181.24 

1 1 1036.45 

141,376 

■■•53,157,376 

19-391 

7.218 

377 

1184.38 
1187.52 

1 1 1637.86 

142,129 

53,582,633 

19.416 

7.224 

378 

113330.83 

142,884 

...54,010,152  [ 

19-442 

7.230 

L^iyiu^uo  Ly  Google 
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Jf  ATUElfATIGAI.  TABLES. 


Numlier, 

Circum- 

Circular 

■Muaic 

Cube 
RooL 

379 

1 1 

1  1  'y9i  r 
I  I26I5.30 

143,041 

54»439j939 

»  Afi 

!  I9.4OO 

7-237 

300 

1 193.00 

Hj4i^-49 

144,400 

••■54,072,000 

'  19-493 

7243 

3^1 

1 190.95 

f   T   <l  ^f\f\    T  R 

1  i^.OOI^.  1 0 

145,101 

55>3ooj34i 

19-519 

7.249 

^  Q  — 
302 

1300*09 

V  V  An^Kwt    A  A 

I  X4OO0.44 

145*924 

••■55»742i90o 

I9.i45 

7.256 

1203.33 

115209.27 

I4PI009 

rA  rftv  Ait** 
50,101/157 

19^570 

7*2V2 

1200.37 

TV^fivV  A«V 
I  15^11*07 

H7>456 

...50,023,104 

19.596 

m  A^A.O 

7>90o 

I  1209.51 

1 1041 5.04 

146,225 

57,000,025 

19-621 

7-275 

300 

1212.05 

II7O2I.IO 

141^,990 

•••57,512,456  ' 

19.647 

7.261 

307 

T     T  f  9r\ 

121  ^'OO 

I  I  7020.30 

149,769 

57,900,003 

I  9.672 

7.287 

3O6 

T  ^  T        f\  A 

12  10.94 

J,  102^0.90 

1 5^*544 

••  5°>4ii»o72 

1 9«o9o 

7.294 

309 

T  f  T  'VAT 

50,003,009 

19.723 

7.299 

390 

*  * 9459-'^" 

152^100 

•••59>3>9iOO0 

19.746 

7.306 

iZ20«3v 

X  20D  y  2.^D 

69*770,47 1 

'9-774 

392 

T      .9  T    ^  f\ 
1231.50 

i20uoy.^2 

Yr4  A^A 

An     <«  A  iQQ 
. .  .00,230,200 

19.799 

7.319 

393 

^  -34  "5 

^54*449 

00,096,457 

1  n  Ro  >• 
I  9.624 

7-325 

394  ( 

^237. 79 

1.  Z  1  KJ  Z  Z  ,\J  f 

*55»23o 

. .  .01,1 02,904 

19.649 

7.331 

395 

1 240.93 

122541.75 

150,025 

01,029,575 

¥  n  fin  f 
19.675 

7-337 

39" 

1244.07 

123103.00 

150,010 

...62,099,136 

!  19899 

7-343 

397 

12^  J  •21 

123705.02 

157,609 

62,570,773 

!  19.925 

7-349 

390 

*  250.35 

xz44*^*'' 

156,404 

...03,044,792 

19.949 

7.356 

399 

^253.49 

125030.x  7 

159,201 

03,5* 't*99 

19-975 

m  ^A.» 
7*3^2  ; 

1259.04 

125003.71 

160,000 

..  .64,000,000 

so*ooo 

7<loo  : 

il  ^  Y 

i^O  I 

1259.70 

lOOjOOI 

04,4^1*201 

20.035 

7.374 

ToAo'7'J  /iR 

101,004 

A>i  riA.*  Ri-»R 
. . .  04,9^4,^00 

2  0. 049 

7.360 

403 

127553-73 

162,409 

05,450,027  1 

20.075 

7.366 

404 

1  ^  U  ^ 

i  20  J  09.55 

163,216 

•••05,939,204 

20.099 

7-392 

405 

1272.34 

1^00^4.93 

104,025 

00,430,1  25 

20. 1  25 

7-399 

T  4  f  C  jin 

J  2  7549 

T  9nA  ft  T  Rn 
1.294^  l.OU 

1  A ,«  C  T  A 
104,030 

...00,923,410 

SO.  149 

7-405 

407 

J  270.03 

105,049 

07>4i9»*43 

se.174 

7-41 1 

T  '•ft  T    f  fV 
1201.77 

J3O74O.52 

tAA  .^m 

100,404 

...67,911^12 

20.299 

7-41.7 

1  204.9  ' 

1313^2.19 

¥  A«  . 
107,201 

60,417,929 

20.224 

7*422 

132025.43 

T  AQ  . 
I0o,100 

.  .  .00,92  1,000 

i  20.248 

7.429 

ATT 

411 

T    r\  T   T  r\ 
1        1 .  J  y 

13-0  /  0.24 

100,92  I 

69,426,531 

j  20.273 

7-434 

A  1  'y 

412 

12  0/1   •J  1 

169,744 

•••O9,934o2» 

1  20.298 

7.441 

4'  3 

T  2Q7  ji8 

Til q6a  c8 

*7o>5^9 

70,444,99/ 

1  2  0. 3  2  2 

7.447 

414 

*o4"*^4.*" 

^  7 1*396 

••7o,957>944 

20.347 

7.453 

A  9  tP 

4»5 

*3»)^*'J)' 

172,225 

7if473i37S 

20.371 

7-459 

J  300.90 

ItCfkTt  jtfi 

*359*7»*»*' 

W  km        «K  M 

*73>o5o 

...7i,99i,»90 

*o.39o 

7-4^5 

1310.04 

*3"5  7'^- 

VMM  QQa 

72,5ii,7>3 

20.431 

7-471 

4 1 0 

^3^3-*9 

r  t  'J  '>    1  n¥ 

174.724 

•••73,034.632 

1  20.445 

7-477 

419 

T  2  1  ^  1  1 

T  7 88  c  20 

f       r*    ^  i\.  T 

175, 5"! 

73,500,059 

20.469 

7.403 

TITO  A  "7 

TlScil  9  A 

■*o"D44'^4 

1 76,400 

.  .  .  74,000.000 

20.494 

7.489 

42  I 

T  7  2  9  /it 

i77»24i 

74»0 1  o.4(>  I 

2O.5IO 

7-495 

422 

1325-75 

139866.85 

178,084 

...75,151,448 

1  20.543 

7.501 

423 

1328.89 

140530-51 

178,929 

75,686,967 

20.567 

7-507 

424 

1332.03 

I4II95.74 

179,776 

...76»ts5,024 

20.591 

7.513 

1335-18 

141862.54 

180,625 

76,765*625 

20.615 

7.51* 

426 

1338.32 

142530-92 1 

181^76 

--77'40«»776 

20.659 

7.Sa4 

^  Nj  ^  ^d  by  Google 
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Am. 

427 

1  y 

!  1341-46 

143200.86 

182,329 

0 

428 

,  134460 

143872.35 

183,184 

429 

1  134774 

y 

144545-46 

184,041 

430 

1550.88 

i45^ao.i2 

i84»9QD 

43" 

1354.03 

145^35 

i«5»76i 

432 

1357.17 

I46574.J5 

Ay  y 

106,624 

433 

1360.31 

147253.52 

'  187,489 

434 

1363.45 

y 

147934.46 

!  188,356 

435 

1366.59 

148616.97 

189,225 

436 

136973 

149301.05 

190,096 

437 

1372.88 

149980.70 

190,969 

438 

1376.02 

150673.93 

191,844 

439 

1379."* 

151342.72 

192,731 

440 

1382.30 

152053.08 

•93,600 

441 

1385-44 

152745.02  , 

'  194,481 

442 

1388.58 

153438-53  ! 

195*364 

443 

I39J-73 

y 

154133.60  1 

196,249 

444 

1394.87 

154830.25 

,  197,136 

445 

1398.01 

155528.47 

198,025 

446 

1401.15 

1 502.20.90 

0  y 

198,916 

447 

1404.29 

156929.62 

199,809 

440 

1407.43 

I5763«.55 

200,704 

449 

1410.57 

158337.06 

201,601 

450 

1413-72 

159043.13 

202,500 

45  i 

1416.86 

159750-77 

203,401 

452 

1420.00 

y 

160459.99 

204.304 

453 

1423.14 

161170.77 

205,209 

454 

1420.28 

161883.13 

206,106 

455 

1429.42 

162597x6 

207,025 

456 

J43«.57 

163312-55 

207,936 

457 

1435-71 

y  y 

164029.62 

208,849 

458 

'  1438.85 

164748.26  i 

209,764 

459 

i  1441.99 

165468.47  1 

210,681 

400 

1445.13 

y  y 

166190.25 

211,600 

461 

1  144^.27 

^  ^  y 

166913.60 

212,521 

462 

1  1451.42 

167638.53 

2I3'444 

463 

i  1454.56 

168365.02 

214,369 

464  1 

1457.70 

169093.08 

215,296 

465  i 

1400.84 

109822.72 

216,225 

466 

1463.98 

170553.92 

217,156 

467 

y 

1467. 1 2 

171286.70 

'  218,089 

468 

y 

1470.26 

172021.05  1 

.  219,024 

469 

1473  41 

172756.97 

219,961 

471 

I479.<^9 

174233.51 

221,841 

47a 

1  i48a.«3 

174974.14 

222,784 

473 

1485.97 

175716.35 

223,729 

1489. 1 1 

1 76460.12 

22^,676 

Cube. 


77,854,483 
...78,402,752 

78,953*589 
...79»507.ooo 

80,062,991 

...80,621,568 
81,182,737 

...61,746.504 
82,312,875 
...82,881,856 

83»453*453 
...84,027,672 

«4,6o4,t5i9 

...85,184,000 

85,766,121 

...86,350,388 
86,938,307 

...87,528,384 
88,121,125 

...88,716,536 
89,314,623 

-  89»9iS.J92 
90,518^49 
...91,125,000 

91*733*851 

...92,345,408 

92,959,677 
..•93*576,664 

94,196,375 
...'94^18,816 

95.443.993 

...96,071,912 

96,702,579 
...97,336,000 

97,972,181 
...98,61 1,128 

99,252,847 

-99*«97.345 

100,544,625 

101,194,696 
101,847,563 
102,503,232 
103,161,709 
103*823,000 
104,487,111 
105,154,048 
105,823,817 
106,496,424 


Cube 


20.664 
20.688 
20.712 
20.736 

2a  760 
20.785 

20.809 
20.833 
20.857 
20.881 
20.904 
20.928 
20.952 
30.976 

2C. 

21 
21 
21 
21 
21 
SI. 
31, 
31. 
21 
21. 
21 
21. 
21 
21 
21, 
21, 
21 
21 
21 
21 
21. 
21, 
21, 
21, 
21. 
21 
2  1 
21 
21 
21 
11. 
21. 
31. 


.024 
.047 
.071 

-095 
.1119 

.142 

[.166 

[.1^9 

,213 

•237 
.260 

t.284 
•307 
•331 
.354 

.377 

.401 

.424 

.447 
.471 

•494 
-517 

541 

[.564 

^5»7 
.610 

■633 
.656 

.679 

[.702 

725 
749 
.771 


7-530 

7.536 

7.542 

7.548 

7.554 

7'SS9 

7.565 

7-571 

7-577 

7.583 
7.588 

7-594 
7.600 

7«6o6 

7.612 
7.617 

7.623 
7.629 

7-635 
7.640 

7.646 

7.652 

7-657 
7.663 
7.669 

7-674 
7.680 

7.686 

7.691 
7.697 

7.703 
7.708 

7-714 
7.719 

7.725 
7.731 
7-736 
7.742 
7.747 
7-753 
7.758 
7.764 

7.769 

7-775 
7.780 

7.7*6 

7.791 
7.797 
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MATHEMATICAL  TABLES. 


Nwnber, 
or 

Ciroum- 

Square 

Cube 

Dianeter. 

Root. 

475 

1 49^'^^ 

177205,40 

225,025 

TO*?   TTT  8tC 
107,171,075 

^  Y    ^  A  A 

2  1.794 

"J  5201 
/.  ooz 

470 

1495.40 

177952.37 

220,570 

if^i  Her\  lift 
^07,050, 170 

z  1.0 1 7 

7. 000 

477 

1496.54 

T     (2  #9  fin 
I  fO^OO^OQ 

327,529 

105,531,333 

2  1 .040 

.T        T  '> 
7.013 

475 

I  501.00 

i79450'9' 

230^404 

TAA  4>TB  4ff<9 
109^215,353 

3 1.003 

•V  51  *A 

7.019 

479 

T  fit 
1504.02 

'•^A  A  A^ 
329,441 

YAA  AA4  44A 
109,903,339 

31.000 

T  5t9il 

1507.90 

I00955.74 

230*400 

Y  T  A    ^f\0  AAA 

*  10,592,000 

4  T  AAA 

3  1.909 

7.030 

40  I 

151  I.I  I 

101710.50 

231,301 

¥TT             4  ft-IT 

111  fZO/^y\J^  I 

21.932 

7035 

402 

1514-25 

I  O24OU.O4 

232,324 

ITT   r\5io   T  ftft 
111  ,y  OVJ,  1  uo 

21-954 

7.640 

4^3 

1517-39 

103224.75 

233,209 

T  T  9  knR  cRt 
1 1  2,070,507 

21.977 

T  ^^ft 
7.  040 

454 

1520-53 

103904.23 

234,250 

1 13, 379*904 

■7  AAA 
^  ^  .  000 

7.051 

485 

1523.07 

■wHaI  AC 
104745.20 

235*225 

1 14,004,125 

22.023 

7.057 

40  0 

I520.0I 

105507.90 

230,190 

TWA  fAT 

i*4i79*»350 

22.045 

9  Ait* 

7«o02 

1539.90 

1 002  /  3.  10 

T  ¥  ^    f  AW  4A4 

ii5*50»»303 

7.000 

400 

1533-10 

I  0  7^37*00 

33«»*44 

TtA  '^T4 

1 10,2  14,272 

A  AAV 

22«09I 

7-073 

489 

T  r*     r\   ^  J 

153^-24 

107505.  19 

239,'2I 

TTft  r\^ft  tftr* 

22.  1  13 

7.575 

490 

^539-3^ 

T  X8  r   yi  ¥  rt 
100574. 10 

>i  ^  T  r\r\ 

f  T  "7  ft  /I  ft  f^on 

0  <>    T  'jft 

22.  130 

T  8jt>l 
7.004 

491 

1542.52 

*o9344-57 

1  1 

TtR  'J.Trt  I.?! 

*  io>370,77 » 

22.150 

7. 059 

492 

T  e  /«  e  ^fi 

A  ^  r\f\  A 

T  T  ft  Oft  C  >l 

1  19,095,400 

"?      f  S  f 
Z  ^.  1  0  1 

7.094 

493 

154^-^0 

243*049 

I  19,023,157 

22.204 

494 

191005.43 

A  A    A  ^  A 

344»03^ 

*20,553,7o4 

2  3.330 

7-905 

495 

T  £  e  e  on 

9A^  A4  C 
245,025 

131,307,375 

^(3.340 

*9  AVA 
7.910 

490 

*55°'23 

9  A^S  AtA 
2  4","  A" 

133,033,930 

99  9*>* 

t  AV  C 

7»9*5 

497 

*5"^-37 

1  u^ovjvp.  4* 

J  M  AAA 
247,009 

'TAt  A^t^ 

122,703,473 

22.293 

A  ^  T 

7.921 

49» 

15^4-51 

1947^  -(^9 

T**^  f*A^ 

^23, 505, 992 

22.310 

7.920 

!  499 

1567-65 

i955"4-93 

1 

A  r\    A  A  ¥ 

1  249,001 

124,251,499 

22.335 

7932 

500 

1  1570.00 

i9"349-54 

2  ^0,000 

1  ZS, 000,000 

22.3^1 

7-937 

5°^ 

*573-94 

gallic  " 0 

^5  ^  T    AA  T 

25  *>"OI 

T9C   "JCT  cot 

125,751,501 

22.303 

7.942 

502 

*577'Oo 

loTn^i  yiS 
*y/9^3-4*' 

252,004 

1  9ft  cftft  008 

22.405 

7.947 

503 

1500*22 

1  '5*'3-30 

A  ^  M  AAA 

353,009 

VMM  4^(4 
127,203,527 

33.4*0 

1  AP  4 

7*953 

5^4 

199505.70 

4  ^  ^  A  Vn 

354fOio 

T'^Qa'^^I 

i  4fi0yO2490U4 

9  il  ^  A 
22.449 

505 

1500.50 

zooz9v>.  1 7 

255*025 

125,707,025 

22.47  2 

7903 

506 

i5°9-05 

Z01090.  zo 

25",o3" 

129,554,216 

2  2.494 

7.969 

507 

1592.79 

zOl  OOS.Ol 

257,049 

130,323,043 

22.517 

7-974 

159593 

0     S  *> 

JU^UOZ.99 

258,064 

131,090,512 

22.539 

7-979 

5°9 

*599'°7 

^0^401. 74 

'I  ^  A    Aj2  T 

259*001 

131,572,229 

22.501 

7.954 

510 

JI002.8S 

9f%A9St9  aA 

A  AA  T  AA 

¥       ^    A  ^  V  AAA 

1 32*05 1,000 

V  M  A     ^  A  A    fl  A  V 

i33»43*»«»3* 

22.553 

7.959 

1005.35 

305003.95 

301,131 

22.005 

7-995 

M  W  A 

51a 

1000.49 

20^ooy*43 

262, 144 

i34>3i7»7*« 

22.027 

8.000 

M  W  A 

1 D  1  1 .04 

t  ^ft  ft  /\        J  ^ 

ZOUU92. 45 

203,109 

135*005,097 

22.049 

8  r\f\.^ 
5.005 

5H 

1014-7^ 

207499.05 

204i  1 90 

135, 79^^744 

22.071 

0.0  I  0 

5^5 

1  U  1  7*7^ 

200307.23 

265,225 

W'^/^ 

i3o,59o»<>75 

2  2«U(/4 

8  0  T  ft 

0.0  1 0 

510 

T  ft  ^9  T  rtft 

1 OZ  1  •  ou 

Z09 1    9  7 

200,250 

137,300*090 

2  2.  y  I  0 

8  0  »  > 
0.02  I 

5^7 

1      T  ft  0  jf  ^ 

XOZ4.ZO 

zo97^o.  29 

207;209 

T  ->  v!  1  «Q  ji  T 
135,155,413 

22.735 

5.020 

518 

1627.34 

2I074I.I8 

268,324 

138,991,832 

22.759 

8.031 

519 

1630.49 

«"555-63 

269,361 

i39»798,3S9 

22.782 

8.036 

530 

1633.63 

312371.66 

370,400 

140,608,000 

22.803 

8.041 

521 

1636.77 

213189.26 

271,441 

141,420,761 

22.825 

8.047 

533 

■ 

1639.91 

214008.43 

272,484 

142,236,648 

22.847 

S.052 
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1  Number, 
or 

Circum- 

Circttkr 

OMba. 

Sqtiare 

Cube 

Dniocter. 

ference. 

Area. 

Root. 

Root. 

164305 

214829.17 

273.529 

143,055,667 

22.869 

8.057 

1646.19 

215651.49 

274,576 

143,877,824 

22.891 

8.062 

!  164934 

216475-37 

1  275,625 

144,703,125 

22.913 

8.067 

526 

1652.48 

217300.S2  1 

276,676 

145,531,576 

22.935 

8.072 

1655.62 

218127.85 

277,729 

146,363,183 

22.956 

8.077 

1658.76 

218956.44 

278,784 

147,197,952 

22.978 

8.082 

529 

1661.90 

219786.61 

279,841 

148^035,889 

23.000 

8.087 

530 

1665.04 

220618.32 

280,900 

148,877*000 

23.022 

8.093 

531 

1668.19 

221451.65 

281,961 

149,721,291 

23043 

8.098 

532 

1671.33 

222286.53 

283,024 

150,568,768 

23.065 

8.103 

533 

1  1674.47 

2231  22.98 

284,089 

151,419,437 

1  23.087 

8.108 

534 

1677.61 

223961.00 

285,156 

152,273,304 

23. 108 

8.II3 

535 

1680.75 

224800.59 

286,225 

153,130,375 

23.130 

8.118 

536 

1  1683.89 

225641.75 

287,296 

153,990,656 

23152 

8.123 

537 

'  1687.04 

926484.48 

288,369 

i54,S54,i53 

23- 1 73 

8.128 

53S  i 

I  1690.18 

227328.77 

289,444 

i55.7ao,872 

a3-i95 

8.133 

539 

;  1693.32 

228174.66 

290,521 

i56,59o»8i9 

23.216 

8.138 

540 

1696.46 

229022.  10 

291,600 

157,464,000 

23238 

8.143 

541 

1699.60 

229871.12 

292,681 

158,340,421 

23.259 

8.148 

542 

1702.74 

230721.71 

293*764 

159,220,088 

i  23.281 

8.153 

543 

1705.88 

231573.86 

294,849 

160,103,007 

1  23.302 

8.158 

544 

1  1709-03 

23242759 

295*936 

160,989,184 

23.324 

8.163 

545 

I712.I7 

233282.89 

297,025 

161,878,625 

23345 

8.168 

546 

1  1715-31 

234139.76 

298,116 

162,771,336 

23.367 

8.173 

547 

i7i«.45 

234998.20 

299,209 

163,667,323 

23.388 

8.178 

548 

1721.59 

235858.21 

300.304 

164,566,592 

23.409 

8.183 

549 

'  1724.73 

236719.79 

1  301,401 

165,469,149 

23431 

8.188 

550 

1727.88 

237582.94 

302,500 

166,375,000 

23452 

8.193 

551 

,  173102 

238447.O7 

303,601 

167,284,151 

23.473 

8.198 

552 

!  1734.16 

239313.96 

304.704 

168,196,608 

23.495 

8.203 

553 

1737.30 

240181.83 

305*809 

169,112,377 

23.516 

8.208 

554 

1  1740.44 

241051.26 

306,916 

170,031,464 

23-537 

8.213 

555 

!  1 743- 58 

241922.27 

308,025 

170,953,875 

23.558 

8.218 

556 

1746.73 

242794.85 

309,136 

171,879,616 

23579 

8.223 

557 

1  1749.87 

243668.99 

1  310,249 

172,808,693  i 

23.601 

8.228 

558 

1753.00 

244544.61 

1  3ii»364 

173,741,112 

23.622 

8.233 

559 

1756.15 

245422.00 

312,481 

174,676,879 

23.643 

8.238 

560 

'  1759.29 

246300.86  1 

1  3i3»6oo 

175,616,000 

23.664 

8.242 

561 

1762.43 

247181.30  ! 

314,721 

176,558,481 

23.685 

8.247 

562 

1  1765.57 

248062.30 

1  3 1 5*844 

177,504.328 

23.706 

8,252 

563 

'  1768.72 

248946.87 

316,969 

178.453*547 

23.728 

8.257 

564 

1771.86 

249832.01 

318,096 

179,406,144 

23.749 

8.262 

5<>5  ! 

1775.00 

250718.73 

319.225 

180,362,125 

23.769 

8.267 

c66 

1770. 14 

2  ^ I  607  Ol 

T  8  I    1     T    A  C\(\ 

11  lew 

8  2  7  2 

567 

1781.28 

25249O.S7 

321,489 

182,284,263  . 

23.812 

8.277 

568 

1784.42 

253388.30 

322,624 

183,250,432 

'  23.833 

8.282 

569 

1787.57 

254281.30 

323*761 

184,220,009 

1  23.854 

8.286 

1790.71 

a55i75-«6  1 

-» 

1  3a4»900 

185,193,000 

23.875 

8.291 

yS  MATHEMATICAL  TABLES. 


Number^ 
or 

Orcom- 

Clrcalar 

SfMNL 

Square 

■ 

Cube 

fcrcncc. 

Area. 

Rooc. 

Rooc 

sri 

1793*5 

256072.00 

336,041 

186,169,411 

93^896 

8.296 

572 

1796.99 

256969.71 

327,184 

187,149,248 

23.916 

8.301 

573 

1800.13 

257868.99 

328,329 

188,132,517 

;  23.937 

8.306 

574 

■  1803.27 

258769.85 

329,476 

189,1 19,224 

23958 

8.311 

575 

1806.42 

259672.27 

330*625 

190,109,375 

23979 

8.3 1 5 

576 

1809.56 

260576.26 

33^776 

191,102,976 

24.000 

8.320 

577 

1812.70 

261481.83 

332,929 

192,100,033 

24.021 

8.325 

578 

1815.84 

363388.96 

334^4 

193,100,55a 

34.043 

8-330 

579 

1818.98 

263397.67 

335f«4i 

194,104,539 

34.062 

8.335 

5«o 

1822.12 

264207.94 

336,400 

195,112,000 

24.083 

8-339 

5S1 

1  1825.26 

265119.79 

337,561 

196,122,941 

24. 104 

8.344 

582 

1828.41 

266033.21 

338,724 

197,137,368  1 

24.125 

8.349 

583 

1831.55 

266948.20 

339-889 

198,155,287 

24- 145 

8.354 

584 

1834.69 

267864.76 

341,056 

199,176,704  f 

24. 166 

8-359 

585 

1837.83 

268782.80 

34»,225 

200,201,625 

24.187 

8-363 

1840.97 

269702.59 

343^39^ 

301,330,056 

14.307 

8.368 

587 

1844. 1 1 

270635.86 

344,569 

303,363,003. 

34.338 

8.373 

588 

1847.26 

271546.70 

345»744 

203,397,472 

34.249 

8.378 

589 

1850.40 

272471.12 

346,921 

204,336,469 

24.269 

8.382 

590 

1853-54 

273397.10 

348,100 

205,379,000 

24.289 

8.387 

591 

1856.68 

274324.66 

349,281 

206,425,071 

24.310 

8.392 

592 

1859.82 

275253.78 

350,464 

207,474,688 

24.331 

8.397 

593 

1862.96 

276184.48 

351*649 

208,527,857 

24.351 

8.401 

594 

1 866. 1 1 

377116.75 

35a»836 

209,584,584 

24.372 

8.406 

595 

1869.25 

278050.59 

354,025 

310,644,875 

a4-393 

8.41 1 

596 

1872.39 

378985.99 

355,216 

311,708,736 

•  24-413 

8.415 

597 

1875-53 

279922.97 

356,409 

212,776,173 

24.433 

8.420 

598 

1878.67 

280861.53 

357,604 

213,847,192 

24.454 

8.425 

599 

1881.81 

281801.65 

358,801 

214,921,799 

24.474 

8.429 

600 

1884.96 

282743.34 

360,000 

2  1 6,000,000 

24.495 

8-434 

601 

T888.10 

283686.60 

361,201 

217,081,801 

24.515 

8.439 

602 

1  1891.24 

284631.44 

362,404 

318,167,308 

24.536 

8.444 

603 

1894.38 

285577.84 

363,609 

319,356,337 

24.556 

8.448 

604 

1897.52 

286535.82 

364,816 

330,348,864 

24.576 

8-453 

605 

1  1900.66 

28747536 

366,025 

221,445,125 

24.597 

8.458 

606 

1903.80 

288426.48 

367,236 

222,545,016 

'  24.617 

8.462 

607 

1906.95 

289379-17 

368,449 

223,648,543 

1  24.637 

8.467 

608 

1910.09 

290333-43 

369,664 

224,755,712 

1  24.658 

8.472 

609 

1913-23 

291  289.26 

370,881 

225,866,529 

1  24.678 

8.476 

610 

1916.37 

292246.66 

372,100 

226,981,000 

24.698 

8. 48 1 

611 

1919.51 

893205.63 

373»3«Jt 

228,o99»i3i 

34.718 

8.485 

612 

1922.65 

294166.1  7 

374,544 

339,330,928 

24.739 

8.490 

613 

1925.80 

295128.28 

375,769 

230,346,397 

24.758 

8-495 

614 

I  n  nA 

2n6ooi  07 

370,990 

23  ',475,544 

24.779 

0.499 

615 

1932.08 

297057.22 

378,225 

232.608,375 

24.799 

8.504 

616 

1935.22 

298024.05 

379-456 

233,744,896 

24.819 

8.509 

617 

I93S.36 

298992.44 

380,689 

234,885,113 

24.839 

8.513 

618 

1941.50 

299962.41 

1  381,924 

236,029,032  1 

24.859 

8.518 

^  Nj  ^  ^d  by  Google 


NUMBERS,  OR  DIAMETERS  OF  CIRCLES,  Ac 


79 


umuci , 
or 

Orcum- 

Circnlar 

Diameter. 

ferance. 

Area. 

619 

1944.65 

620 

1947.79 

301007.05 

621 

195093 

•502881.73 

622 

1954,07 

303857.98  1 

623 

1957.21 

3048^^.80 

604 

1960.35 

305815.30 

625 

1963.50 

3067961  16 

626 

1966.64 

307778.69  1 

627 

1969.78 

^08762.70  1 

628 

1972.92 

300748.47 

629 

1976.06 

310735.71 

630 

1979.20 

1724.5^ 

631 

1982.34 

'512714.02 

632 

1985.49 

313706*88  , 

19^63 

314700.40 

634 

199^77 

'5ii;6o5.co 

635 

1994.91 

^i66o3.r7  1 

636 

I998.OS 

317600.42 

637 

2001.19 

31S690.23 

638 

2004,34 

•510601.61 

639 

2007.48 

■520694.  t;6 

640 

3010.62 

321699.09 

641 

4013.76 

322705.18 

642 

9016.90 

3237x3.85 

643 

2020.04 

324733.00 

644 

202^.10 

325732.80 

645 

2026.33 

326745.27 

646 

2029.47 

327759.22 

647 

2032.61 

32S774.74 

vy         tilt  • 

648 

2035.75 

329791.83 

649 

2038.89 

330810.49 

650 

2043.04 

331830.73 

651  i 

2045.18 

3^2852.53 

652 

2048.32 

333875.90 

653 

205  r.46 

334900.85  1 

654 

2054,60 

335927  36  ; 

655 

2057.74 

336955.45 

656 

3o6a88 

337985.10 

V  \y  9  y  ^ 

3064.03 

330016.33 

\t  sJ  y  %y%9 

658 

2067.17 

340040.13 

659 

2070.31 

341083.50 

660 

2073-45 

3431x9.44 

661  i 

2076.59 

343  T  56.95 

662 

2079.73 

344196.03 

663 

2082.88 

345236.69  1 

664 

2086.02 

346278.91  1 

665 

2089.16 

347322.70 

666 

3093.30 

34836&07 

383,161 
384,400 

385,641 
386,884 
388,129 
389,376 

39o>^5 
39».«76 

393»i29 
394,384 

395^641 
396,900 
398,161 

399^424 
400,689 

401,956 

403,225 

404,496 

405,769 
407,044 
408,321 
409,600 
410,881 
413,164 
413*449 
414,736 
416,025 

417,316 
418,609 
419,904 
421,201 
422,500 
423,801 
425,104 
426,409 
427,716 
429,025 

430,336 
431,649 

432,964 
434,281 

435»6oo 

436,921 
438,244 

439,569 
440,896 

442,225 
443*556 


237,176,659 

238,628,000 

239,483,061 

240,641,848 

241,804,367 
242,970,624 
244,140,635 

245,314*376 
246,491^883 

247/^73,152 
248,858,189 

250,047,000 

251,239,591 

252,435,968 

253,636,137 
254,840,104 

256,047,875 

257,259^456 
258,474.853 

259,694,072 
260,917,1 19 
262,144,000 

263,374,721 

264,609,288 

265,847,707 

267,089,984 
268,836,125 

269,586,136 
270,840,023 
272,097,792 

273,359,449 
374,625,000 

275,894,451 

277,167,808 

278,445,077 
279,726,264 
281,011,375 

282,800,416 

283,593,393 
284,890,312 

286,191,179 
287,496,000 

288,804,781 
290,1 17,528 
291,434,247 

292,754,944 
294,079,625 

295,408,296 


Square 
Root. 


24.879 

24.899 
24.919 

24.939 

24.959 
24.980 

25.000 

25.019 

25.040 

25-059 
25079 

25099 

25.  I  19 

25-139 
25-159 
25.179 

«5-i99 

25.219 

25239 

25-259 
25.278 

25.298 

25-318 

a5.338 
25.357 

25377 

25-397 
25.416 

25-436 

25-456 

25-475 

25-495 

25.515 

25-534 

25-554 

25-573 

25593 
25.612 

25.632 

25-651 
25.671 

25.690 

25.710 
25.720 

25740 
25.768 

25-787 
25.807 


I 


So  MATHEMATICAL  TABLES. 


Nnmber, 

or. 
Diameter. 

PiiriUMi 

Area. 

Sqnars. 

1  &MiAre 

1  Kmc 

Cube 
Root. 

667 

2095.44 

349415.00 

444,889 

296,740,963 

25.826 

8.737 

660 

2098.55 

350463.51 

446,224 

298,077,632 

25.846 

8.742 

669 

2101.73 

351513-59 

447,561 

299,418,309 

:  25.865 

8.746 

2104.87 

352565-24 

448,900 

300,763,000 

25-884 

8.750 

671 

3108.01 

353618.43 

45^341 

303,xix,7ii 

35.904 

8-753 

iC  ^  — 

072 

3111.15 

35467324 

45  If  5*4 

303f464»448 

35.933 

8.759 

073 

1114.99 

355729.60 

45«f929 

304,821,217 

25.942 

8.763 

674 

2117-43 

356787-54 

454,276 

306,182,024 

35.961 

8.768 

07s 

2 120.55 

357847.04 

455,625 

307,546,875 

25.981 

8.772 

076 

21 23.72 

I")  0 

358908.11 

456,976 

306,915.776 

26.000 

8.776 

677 

2  120.86 

35997075 

458,329 

310,288,733 

26.019 

8.781 

078 

2130.00 

361034.97 

459,684 

311,665,752 

30.038 

8.785 

679 

2I33H 

363100.75 

461,041 

313,046,839 

36.058 

8.789 

OoO 

3150.20 

363 168.  1 1 

463,400 

3«4f43«»ooo 

36.077 

8.794 

001 

3139.43 

364237.04 

4631761 

315*831,341 

26.096 

8.798 

052 

2142.57 

365307-54 

465,124 

317,214,568 

26.115 

8.802 

683 

2145-71 

366379.60 

466,489 

318,611,987 

26.134 

0  0 

8,807 

684 

2148.85 

367453.24 

467,856 

320,013,504 

26.153 

0  0 

8.81 1 

085 

2151.99 

^  0  —     0  — 

368528.45 

469,225 

321,419,125 

26.172 

8.815 

000 

2I55  I3 

369605.23 

470,596 

322,828,856 

26.192 

0  0 

8.019 

087 

2158.27 

370663.59 

471,969 

324,242,703 

36.3X1 

8.824 

Ooo 

3161.42 

371763.5' 

473>344 

335,660,673 

26.339 

8.828 

OoQ 

3104.56 

372845.00 

474»72i 

327,083,769 

20.249 

0  0 

8.832 

090 

2  167.70 

373928.07 

476,100 

328,509,000 

26.268 

8.836 

091 

2170.84 

375012.70 

477,481 

329,939,371 

26.287 

8.841 

092 

2173.98 

376098.91 

478,864 

331,373-888 

26.306 

8.845 

2  1  77. 12 

377186.68 

480,249 

332,812,557 

26.325 

0  0 

8.849 

694 

2180.27 

378276.03  I 

481,636 

334,255,384 

,  26.344 

0  0 

8.853 

/;  „  ^ 

2183.41 

379366.95 

483,025 

335>702,375 

26.363 

0  0  _  0 

8.058 

090 

2186.55 

380459.44 

484,416 

337»i53»536 

30.303 

8.O03 

697 

2189.69 

381553.50 

485,809 

338,608,873 

26.401 

8.866 

/I  „  0 
09b 

2  192.83 

382649.43 

0  _ 
487,204 

340,068,392 

26.419 

8.870 

699 

2  195-97 

383746.33 

455,601 

341.532,099 

26.439 

8.875 

700 

2 199. 1 2 

384845.10 

490,000 

343,000,000 

26.457 

8.879 

701 

2202.26 

385945-44 

491,401 

344,472,101 

26.476 

8.883 

702 

2205.40 

387047-36 

492,804 

345,946,066 

26.495 

0      0  0  _ 
8.067 

703 

2208.54 

388150.84 

494,209 

347,428,927 

26.514 

8.892 

704 

2211.00 

389355.90 

495,616 

348,913*664 

26.533 

8.896 

705 

2214.82 

390303.53 

497,025 

350,402,625 

26.552 

8.900 

700 

3317.96 

391470.32 

498,436 

35>.895,8i6 

26.571 

8.904 

707 

222 1. 1 1 

392580.49 

499,849 

353.393,243 

i  26.569 

8.908 

7O6 

2224.25 

393691.83 

501,264 

354,894,912 

:  26.608 

8.913 

709 

2227.39 

394804.74  ' 

502,681 

356,400,629 

26.627 

8.917 

710 

2230.53 

395919.21 

504,100 

3^7,91 1,000 

26.644 

8.921 

711 

2233.67 

397035-27 

505-521 

359.425,43« 

26.664 

8.925 

712 

2236.81 

398152.89 

506,944 

360,944,128 

26.683 

8.929 

2239.96 

399373.08 

508,369 

362,467,097 

26.702 

8.934 

2243.10 

400393.84 

509*796 

3^3*994*344 

26.721 

8.938 

.  Nj  ^  ^d  by  Google 


J.      WHiTE  &  CoMP 
NUMBERS,  OR  DIAMETERS  OF  CIRCLES,  8i 


Number, 

or 

[  Uvcum* 

Circular 

1  ftivncc 

Area. 

2246.24 

401515.18 

511.225 

716 

2249.38 

402639.08 

,  512,656 

2252.52 

403764.56 

514.089 

718 

2255.66 

404891.60 

515024 

2258.81 

406020.22 

516,961 

2261.95 

407150.41 

518,400 

2265.09 

408282.17 

519,841 

722 

2268.23 

409415.50 

521,284 

723 

2271.37 

410550.40 

522,729 

724 

2274.51 

41 1686.87 

524,176 

725 

2277.66 

412824.91 

!  525.625 

726 

2280.80 

413964.52 

1  527,076 

7-7 

2283.94 

415105.71 

528,529 

728 

2287.08 

416248.46 

529*984 

729 

2290.22 

417392.79 

531*441 

2293.36 

418538.68 

532,900 

731  1 

1  2296.50 

419686.15 

534.361 

732 

'  2299.65 

420835.19 

535.824 

733 

2302.79 

421985.79 

537.289 

734 

1 

2305.93 

423137-97 

538,756 

735  , 

2309.07 

424291.72 

540,225 

736 

2312.21 

425447.04 

541,696 

737 

2315.35 

426603.93 

543*169 

738 

2318.50 

427762.40 

544,644 

739 

2321.64 

428922.43 

546,121 

740 

2324.78 

430084.03  j 

547,600 

741 

2327.92 

431247.21 

549,081 

742 

2331.06 

432411.95 

1  550,564 

743 

1  2334.20 

433578.27 

552,049 

744 

2337.35 

434746.16 

553*536 

745 

2340.49 

435915-62 

555»o«5 

746 

«343-63 

437086.64 

556,516 

747 

2346.77 

438259.24 

558,009 

748 

2349.91 

439433.41  I 

!  559,504 

749  1 

2353-05 

440609.16 

561,001 

750 

2356.20 

441786.47 

562,500 

751 

2359.34 

44296535 

1  564,001 

752 

2362.48 

444145.80 

565*504 

753 

2365-62 

44S3«7.S3 

567,009 

754 

2368.76 

446511.42 

568,516 

755 

2371.90 

447696.59  ' 

570,025 

756 

2375-04 

0  1 

448883.32 

,  571.536 

757 

2378.19 

450071.63 

'  573.049 

758 

2381.33 

45^201.51 

574.564 

759 

2384.47 

452452.96 

576,081 

760 

2387.61 

453645-98 

577*600 

761 

2390.75 

454840.57 

579»"i 

762 

2393.89 

456036.73 

580,644 

Cab*. 


Square 
Root. 


365.525.875 
367,061,096 
368,601,813 
370,146,232 
371,694,959 

373»a48,ooo 
374,805,361 
376,367*048 

377.933.067 

379.503.424 
381,078,125 

382,657,176 

384,240,583 
385,828,352 

387,420,489 

389,017,000 
390,617,891 
392,223,168 
393,832.837 

395.446,904 

397.065,375 
398,688,256 

400,315,553 

401,947,272 

403,583,419 

405,224,000 

406,869,02 1 
408,518,488 
410,172,407 
411,830,784 
4i3»493*6a5 
415,160,936 
416,832,723 
418,508,992 
420,189,749 
421,875,000 

423,564,751 
424,525,900 

426,957,777 
428,661,064 

430,368,875 

432,081,2 16 

433,798,093 
435.519.512 

437.245.479 
438,976,000 

440,711,081 

442,450,728 


26.739 

26.758 
26.777 

26.795 
26.814 

26,833 

26.851 

26.870 
26.889 
26.907 
26.926 
26.944 
26.963 
26.991 
27.000 
27.018 

27-037 

27055 

27-074 
27.092 

27.1 1 1 

27.129 

27.148 

27.166 

27.184 

27.203 

27.22 1 

27.239 

27.258 

27.276 

27.295 

27.313 

27331 

27349 
27.368 

27-386 

27.404 

27.423 

27.441 

27.459 

27.477 

27495 
27514 
27532 

27-549 
27.568 

27.586 
27.604 
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MATHEMATICAL  TABLES 


Of 

Circiun- 

Circular 
Atmu 

1  Stioare 

Cube 

«ft  A  #^  M  ^ 

2397*04 

457234-40 

502,109 

444,194,947 

27*022 

9.130 

704 

2400.  lo 

45°433-77 

5*3>090 

A  A  ^    f\  A  'J     'J  A  A 

445»943»744 

A  7*040 

240332 

4d90j4.04 

5^5*225 

447>097»*25 

27.059 

t\    t  A  ^ 
9"  i^Vl 

700 

400037.00 

500,750 

il  ^        A  ^  9  A%M^^ 

449»455»*'9'' 

MM  Aw 
37.077 

9.149 

707 

4"'£v4>  •  I V 

c88  980 
500,209 

A  ^  H        T  T   nn  '9 

45*»2*7,oo3 
452»9**4»<>32 

37.095 

9" '54 

700 

3412.74 

403240.09 

509,024 

27-7»3 

A  V  r  fi 

709 

2415.09 

404453-^4 

59'>30i 

454'750.ooo 

27-73' 

9-102 

77" 

2419.03 

40^002.57 

592,900 

450,533*000 

27-749 

9»  i  v>u 

77' 

2422. 1 7 

yi AAXt 9  Xt 
4vUoy  z.oy 

594^441 

'^TJ  A¥T 

450,3 '  4'0 1  I 

2  /.707 

9. 109 

1 1 1 
772 

2425.31 

595»9°4 

400,099,040 

■7-7  "  K  r 

9-  ^  73 

^ 

773 

2420.45 

4^9^  9 

597*529 

401,009,91  7 

27.003 

9-1 77 

774 

243'-59 

470513.19 

599*070 

Af\t  (Aa  Sift  a 
403,004,024 

9*  10 1 

775 

2434»73 

471739.77 

465t4o4»375 

*7'<>39 

770 

2437.00 

472947-92 

407,200,570 

27-057 

A  »ftA 

9«i09 

^  m  m 

777 

244^*02 

474107. 

003,729 

409,097,433 

27-<>75 

9- 1 93 

770 

2444*  '  6 

4753'5o-94 

605,284 

470,9  ^  0-9S  2 

27-093 

9.197 

779 

2447-30 

uu  1  I  .o  1 

1  A^A  *^  <  t 
1  000,041 

472,729,139 

27.9^0 

9.201 

700 

245044 

477°30.24 

000,400 

474'552.ooo 

2  7.920 

9.205 

751 

2453- 5^ 

479002.25 

47o,379'54i 

27.940 

9*  209 

702 

245"-73 

011,524 

013,009 

A  mQ   tit    T Afi 
470,21  1,700 

^  ^   <^n  ^ 

27.904 

9.213 

.  703 

*459*«*7 

401510.97 

A^ft  Afti* 
400,045,007 

4S  Iff  Aft  A 

37.903 

9,317 

754 

24«)3'0 1 

/^9'"9 

oi4>050 

401,090,304 

f  20.000 

9*32 1 

705 

2466. 1 5 

40390  1.90 

616,225 

4o3'73o,025 

1  20.017 

9.225 

70O 

2409-29 

/I  K  c  9  f  c  X  /I 

017,790 

405,5^7,050 

'  20.030 

9.229 

707 

247243 

oi9>309 

4  W  M       A    A  ^      A  ^ 

4o7i443»403 

20.053 

9-233 

700 

2475-5^ 

^0  ^  uoo.  ^0 

020,944 

4o9»303>^72 

20.07  1 

9-237 

759 

2470.72 

022,521 

nt%  A  Tjtft 
0249*00 

491,109,009 

<>8  o8n 
20.009 

9.  240 

790 

24ol«oO 

A€\iC\jf%(t  AA 
^UW  A  VW.UW 

A                     4  ^^^^^^ 

493>°39»<^ 

20.  107 

9.244 

3405.00 

it  A  fit  aS  tl 

^9  ^          /  * 

Aft* 

035»OOI 

494»9*3»"7' 

30.135 

9*340 

793 

3400.14 

49205  1.99 

027,204 

M,fifi 

49o,793»^<»<» 

28. 142 

9.252 

793 

2491*20 

493"90«05 

AiS  9  «n 
020,049 

498,077,257 

1  9  T  An 
20.  I  00 

9.250 

794 

2494- 43 

A  C\C  %  A  ^  98 

495 ■ 43- 20 

030,430 

500,500,104 

20. 170 

9*260 

795 

249757 

49*^09  ^•''7 

032,025 

502,459-075  , 

9  »  rtA 
20. 190 

9*  264 

790 

2500.7  I 

yt  f  4"7  r>  1  <">  8  /< 
ALU  y  v/fcLV^.uo. 

033,010 

504,350,330 

20.2  13 

9*  200 

797 

2503-05 

i4n88oi  n8 

035,209 

500,201,573 

20.231 

9.271 

/  9^ 

2500.99 

coot  fid 

030,004 

500,109,592 

20.249 

/-V       —  J*  ^ 

9-2/5 

799 

2510.13 

030,40  X 

510,052,399 

30b«vO 

A  A 

9.379 

oou 

2513-27 

640,000 

513,000,000 

20.204 

9.203 

00  I 

2510.42 

CO'SOY9  9C 

O4i»ooi 

5'3»922,4oi 

2S.302 

9.307 

002 

2519-50 

"43>204 

5  T  C|. 049,000 

28.319 

9.291 

003 

2522.  ^0 

044,009 

517,701,027 

1      oft    f  ^ 

20.337 

9- 295 

C076oi  Oil 

4  n     a  V  n 

040,410 

5  I  9,7  TO, 404 

ft       r*  r* 

20.355 

0%  Aft 

9-299 

80c 

ooR  nX 

52  1  ,f)00,  I  2^ 

20.^/2 

9.302 

806 

2532.12 

510222.92 

''49, "30 

523,606,616 

28.390 

9.306 

807 

2535-27 

511489.77 

651,249 

525*557,943 

28.408 

9.310 

808 

aS38-4i 

5"758-i9 

652,864 

527,514,112 

28.425 

9-3 » 4 

809 

2541.5s 

514028.19 

654.481 

529,474,"9 

28.443 

9.318 

810 

2; 44  09 

515299  74  ' 

656,100 

531,441,000 

28.460 

9-3«» 
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NUMBERS,  OR  DIAMETERS  OF  CIRCLES,  &c.  85 


Number, 

or 

Diameter. 

Area. 

1 

1 

OA*. 

1 

811 

254783 

516572.86 

657,721 

533»4ii,73i 

28.478 

9-325 

812 

2550-97 

517847.57 

,  659.344 

535.387,328 

28.496 

9.329 

813 

2554-12 

519123.84 

\  660,969 

y  y 

537,366,797 

28.513 

9-333 

814 

2557.26 

520401.60 

662,596 

539.353, » 44 

1  28.531 

9.337 

815 

2560.40 

52168I.IO 

664,225 

541,343,375 

28.548 

9-341 

816 

533963.08 

y  y  _       _  y 

665,856 

543»33M96 

38.566 

9.345 

817 

2566.68 

524244,63 

667,489 

54S,33«»5i3 

28.583 

9.348 

818 

2569.82 

525528.76 

y  y 

669,1  24 

547,343,432 

28.601 

9.352 

819 

2572.96 

526814.46 

y  y 

670,761 

549,353,259 

28.618 

9.356 

820 

2576.11 

528101.73 

672,400 

551,368,000  ' 

28.636 

9.360  ! 

821 

2579-25 

y 

529390.56 

1  674,041 

553,3«7,66i 

28.653 

9- 364 

822 

2582.39 

y 

530680.97 

1    y         y  0 

675,684 

555,412,248 

28.670 

9- 36  7 

823 

2585-53 

531972.95 

y 

677,329 

557,441,767 

38.688 

9.371 

824 

2588.67 

5S3a66.5o 

678,976 

559.47^.aa4 

38.705 

9.375 

825 

3591.81 

y  y 

534561-63  ' 

y  rt  y 

680,625 

561,515.625 

28.723 

9-379 

826 

2594.96 

535858.32 

682,276 

y  y 

563.559,976 

\  28.740 

9383 

827 

2598. 10 

537156.58 

y  y* 

683,929 

565,609,283  1 

:  28.758 

9.386 

828 

2601.24 

53S456.41 

685,584 

y        y  y 

567.663,552  1 

'  28.775 

9-390 

829 

2604.38 

539757-82 

y  f 

687,241 

569,722,789 

i  28.792 

9.394 

830 

2607.52 

_  y 

541060.79 

,  688,900 

571,787,000 

28.810 

9398 

0 

831 

3610.66 

542365-34 

690,561 

573,856,191 

28.827 

9.401 

832 

2613.81 

543671.46 

693,334 

575*930,368 

28.844 

9.405 

0 

833 

2616.95 

544979-15 

693,889 

578,009,537 

28.862 

9.409 

834 

2630.09 

_     y  on 

546288.40 

^  y 

695*556 

580,093,704 

28.879 

9.413 

835 

2623.23 

547599.23 

697,225 

582,182,875 

28.896 

9-417 

836 

2626.37 

548911.63 

698,896 

584,277,056 

28.914 

9.420 

837 

2629.51 

  _  y 

550225.61 

700,569 

586,376,253 

28.931 

9.424 

0  0 

838 

2632.64 

55^541.15 

702,244 

588,480.472 

28.948 

9.428 

0 

839 

»635.8o 

552858.26 

703*92 1 

590,589,719 

28.965 

9432 

840 

2638.94 

554176.94 

705,600 

592,704,000 

28.983 

9-435 

841 

2642.08 

555497.20 

707,281 

594.823.32 1 

39.000 

9.439 

0 

842 

2645.22 

556819.03 

yk  y 

708,964 

^                ^  A  yk 

596,947,688 

39.017 

9.443 

0 

843 

2648.36 

558142.42 

710,649 

599»o77»io7 

29.034 

9.447 

0 

844 

2651.50 

55946739 

712,336 

601,2 1 1,584 

29.052 

9-450 

0 

845 

j  2654.65 

560793.92  1 

i  714,025 

6o3,35>,i25 

29.069 

9-454 

846 

1  2657.79 

562122.03 

7i5»7i6 

605,495,736 

29.086 

9458 

847 

y  y 

j  2660.93 

563451.71 

1  717,409 

607,645,423 

29.103 

9.461 

848 

y  y 

2664.07 

564782.96 

719,104 

609,800,192 

29. 1  20 

9.465 

0 

849 

3667.21 

566115.7^ 

730,801 

611,960,049 

29- 138 

9.469 

850 

2670.35 

567450.17 

733,500 

614,125,000 

29.155 

9.473 

851 

!  2673.50 

568780.14 

724,201 

616,295,051 

29.172 

9.476 

852 

2676.64 

570123.67 

725,904 

618,470,208 

29.189 

9.480 

853 

2679.78 

571462.77 

727,609 

620,650,477 

29,206 

9483 

854 

2682.92 

572803.45 

720,^16 

622,8-it:,864  1 

20.22^ 

0.487 

855 

2686.06 

574145.69 

J  731*025 

625,026,375 

29.240 

9.491 

856 

2689.20 

575489.51 

732,736 

627,222,016 

29.257 

9-495 

«S7 

2692.35 

576834.90 

734»449 

629,422,793 
631,638,712  1 

1  29274 

9-499 

858 

«695.49 

578181.85 

39.393 

9.503 
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MATHEMATICAL 


TABLES. 


Number, 
or 

Circular 

j 

Cube 

Diameter.  I 

fiucDoe. 

Area. 

Kooc 

Root. 

oS9 



2090.03 

579530-3*' 

737'«>oi 

633*839*779 

29.309 

9.500 

oOO 

2701.77 

-Q-.QQ^  .Q 
5OOOOO.4O 

739,600 

6361056,000 

29.326 

9- 509 

OOI 

2  704«9' 

502232.15 

74i>32i 

A-vQ    .VMM  «Qw 

038,277,381 

29-343 

9.513 

p02 

2700.05 

503505.39 

743*044 

040,503,920 

29.360 

9-517 

003 

504940.21 

744,709 

nAJk  iC^M 

04a»735>^47 

29.377 

A^  0A 

9.520 

4 

0O4 

27*4-34 

500290.59 

740,490 

o44»97*»544 

AM    A  A  A 

29.394 

A^  a*  y«  M 

9-524 

005 

27^745 

587054.54 

745,225 

647,214,625 

29.411 

9.528 

000 

2  7  20.02 

559014.07 

749*956 

649,461,896 

29.428 

9.532 

007 

2723.70 

590375'^ 

751,059 

651*714*363 

29445 

9-535 

000 

2  7  20.90 

59^737-03 

753*424 

653*972,032 

29.462 

9.539 

2730.04 

593102.00 

1  755»'6i 

656,234,909 

29.479 

9-543 

o/O 

2733-'9 

594407.57 

,  756»9oo 

658,503*000 

29.496 

9-546 

871 

A  M  A  M    A  A 

273^-33 

595<>35'*5 

750,041 

660,776,311 

29.513 

9.550 

872 

^739*47 

597204.20 

700,304 

063,054,848 

29.529 

9-554 

873 

2  742-6 1 

590574-72 

762,129 

f  Urn    ^»Q   a  m  m 
665,330,617 

29.546 

9-557 

874 

2745-75 

599940.01 

703,870 

667,627,624 

29-563 

9.561 

875 

274^*^9 

00  1 3  20.47 

7o5>o25 

669,921,875 

29.580 

9-565 

C  1 A 
870 

2752.04 

OO2095'  70 

767>376 

672,221,376 

29-597 

9.568 

877 

2755-^^ 

004072.50 

769,129 

674,526,133 

29.6  14 

9-572 

070 

275°-32 

005450.00 

M«M   QQ  A 

770,004 

AmA  O..A  'T../. 
676,836,152 

29.631 

9-575 

579 

syuie^u 

UOUO^WaOX 

772,041 

679>i5i»439 

29*040 

9-579 

ooO 

2704*00 

000212.34 

774,400 

081,472,000 

29.005 

9-583 

00  I 

2707.74 

0^9590-42 

776,161 

683,797,841 

29.OO2 

9.586 

Q  0  /. 
802 

2  7  70.09 

0 1 0900.00 

777,924 

686, 1 28,968 

A^O 
29.698 

9- 590 

Q  Q  >• 
883 

277403 

01  2300.31 

,  779'"^9 

AOQ    .A-  ..Om 
688,465,387 

29-715 

9-594 

QQ  < 
004 

2777.17 

OI3754*** 

781,450 

690,807,  104 

i  29.732 

9-597 

Q  U  p. 
885 

2  7oO'3' 

oi5»43*4*' 

783*225 

693*»54,i25 

29-749 

9.601 

OOO 

2703-45 

010534.42 

nQ  .  n/-kA 
704,990 

695*500,450 

mAA 

29.700 

9.004 

007 

2700*59 

017920.93 

700,709 

697,864,103 

29.702 

9.000 

1  888 

*7o9«73 

01932 1.Ol 

700,544 

700,227,072 

29.799 

9.612 

1    0  0  _ 
1  889 

rorn  1  QQ 
279^'^" 

0207  10.00 

790,321 

702,595,369 

29.816 

9.615 

2  79^'02 

02  2  1  1 3.09 

792, 100 

704,969,000 

1  29.833 

9.619 

'      09 1 

<^  ^  #^          T  A 

1  0 

0235  I  2.05 

793,881 

707*347*971 

29.850 

9.623 

Q^^  ^ 
092 

"24913.04 

795,664 

__  ^  „       ^  ^  -QQ 
709*732,288 

„     c>  /:  /; 
29.000 

9.626 

2005.44 

797.449 

712,121,957 

29.803 

9.630 

894 

2000*  5 

027710.49 

799*236 

714,516,984 

29.900 

9-633 

<>95 

2011.73 

029123.50 

001,025 

716,917,375 

29.916 

9- 63  7 

090 

2014.07 

030530.21 

802,810 

7i9»3*3»'36 

29-933 

9.640 

897 

9Q  I  S   0  T 

zo  1 0. 0 1 

03^93^43 

804,009 

7*i»734»«73 

29.950 

9.644 

Q«0 
095 

^  Q  'T  T  T 
202  I,  15 

^33340.22 

!  806,404 

724,150,792 

29.967 

9.648 

699 

"34759-5* 

808,201 

726.573,699 

29.983 

9.651 

900 

2027.43 

030172.51 

8 10,000 

729,000,000 

30.000 

9655 

901 

2030-50 

"375"7-oi 

8l  1,504 

731*432,701 

30.017 

9.658 

902 

2833.72 

639003.09 

813,604 

733,870,808 

30.033 

9.662 

903 

2836.86 

640420.73 

815,409 

736,314*327 

30.050 

9.666 

904 

2840.00 

641839.95 

817,216 

738,763.«64 

30.066 

9.669 

2843.14 

643260.73 

819,025 

741,217,625 

30.083 

9-673 

906  1 

2846.28 

644683.09  1 

820,836 

743»677i4i6 

30.100 

9.676 

■-.lyiu^uo  Ly  Google 


NUMBERS,  OR  DIAMETERS  OF  CIRCLES,  &c.  85 


Number,  ! 
or 

Qrcum- 

Circular 

Square. 

Square 

Cube 

Diameter.  1 

fercnce. 

Area. 

JvOOt. 

907 

2849.43 

646107.01 

822,649 

746,142,643 

30.116 

9.680 

908 

2852.57 

647532.51 

824,464 

748,613,312  1 

30.133 

9.683 

909 

2855.71 

648959.58 

826,281 

751,089,429  , 

30.150 

9.687 

910 

2858.85 

650388.21 

828,100 

753,571,000 

30.163 

9.690 

911 

2861.99 

651818.43 

829,921 

756,058,031 
758,550,528 

30-183 

9.694 

912 

2865.13 

653250.21 

83IJ44 

30.199 

9.698 

3868.27 

654683.56 

833.569 

761,048,497 

763,55i»944 

30.216 

9.701 

914 

2871.42 

656118.48 

835*396 

30.232 

9.705 

915 

2874.56 

657554.98 

837,225 

766,060,875 

30.249 

9.708 

916 

2877.70 

65899304 

839,056 

768,575,296 

30.265 

9.712 

917  1 

2880.84 

660432.68 

840,889 

771,095,213 

30.282 

9.715 

918  ' 

2883.98 

661873.88 

842,724 

773,620,632 

1  30.298 

9.718 

919 

2887.12 

663316.66 

844,561 

776,151,559 

1  30.315 

9.722 

920 

2890.27 

664761.01 

846,400 

778,688,000 

30.331 

9,726 

921 

2893.41 

666206.92 

848,241 

781,229,961 

:  30.348 

9.729 

922 

2896.55 

667654.41 

850,084 

783,777,448 

30.364 

9*733 

923 

2899.69 

669103.47 

851,929 

786,330,467 

30.381 

9-736 

924 

2902.83 

670554.10 

853*776 

788,889,024 

1  30.397 

9.740 

925 

2905.97 

672006.30 

855.625 

791,453,125 

30.414 

9-743 

926 

2909.  I  2 

673460.08  j 

857,476 

794.022,776 

30.430 

9-747 

927 

291  2.26 

674915.42 

859.329 

796,597,983 

30.447 

9-750 

928 

2915.40 

676372.33 

861,184 

799,178,752 

30.463 

9-754 

929 

2918.54 

677830.82 

863,041 

801,765,089 

30.479 

9-757 

930 

2921.68 

679290.87 

864,900 

8o4,357»ooo 

30.496 

9.761 

931 

2924.82 

680752.50 

866,761 

806,954,491 

30.512 

9.764 

932 

2927.96 

682215.69 

868,624 

809,557,568 

30.529 

9.768 

933 

2931. II 

683680.46  , 

1  870,489 

812,166,237 

30.545 

9.771 

934 

1  2934-25 

685146.80  ; 

872,356 

814,780,504 

i  30.561 

9-775 

935 

i  293739 

686614.71  \ 

874,225 

817,400,375 

30.57^ 

9778 

936 

2940.53 

688084.19 

876,096 

820,025,856 

30.594 

9.7«3 

937 

2943.67 

689555-24 

877,969 

822,656,953 

30.610 

9.785 

938 

2946.81 

691027.86 

879,844 

825,293,672 

30.627 

9.789 

939 

2949.96 

692502.05 

881,721 

827,936,019 

30.643 

9.792 

940 

295310 

693977.82 

883,600 

830,584,000 

30.659 

9.796 

941 

2956.24 

69545515 

885,481 

833,237/^21 

30.676 

9.799 

942 

295938 

696934.06  I 

887,364 

835,890,888 

30.692 

9.803 

943 

2962.52 

698414.53 

889,249 

838,561,807 

30.708 

9.806 

944 

2965.66 

699896.58 

891,136 

841,232,384 

30.724 

9.810 

945 

2968.81 

701380.28 

893.025 

843,908,625 

30.741 

9.813 

946 

2971.95 

702865.38 

894,916 

846,590,536 

30.757 

9.817 

947 

2975.09 

704352.14 

896,809 

849,278,123 

30.773 

9.820 

948 

2978.23 

705840.47 

898,704 

851,971,392 

854,670,349 

30.790 

9.823 

949 

2981.37 

707330.37 

900,601 

30.806 

9.827 

2084,.  I 

708821.84 

857,375,000  . 

30.822 

9.030 

951 

2987.66 

710314.88 

904,401 

860.085.351  , 

\  30.838 

9-834 

952 

2990.80 

711809.58 

906,304 

862,801,408  i|  30.81^4 

9-837 

953 

299394 

713305-68 

908,209 

865,523,177 

30.871 

9.841 

954 

2997.08 

714803.48 

9io»ii6 

868,250,664 

30.887 

9.844 

Digitizea  L7 
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IIATHEMATKAL  TABLES 


tNumbMr, 
or 

DiMMfer. 

CimuD- 

Circular 
Area. 

Square. 

Cnbe. 

ScniAre 

Til  

Cube 

300a  2  2 

716302.76 

0T2,025 

870,983,875 

1  10.Q0t 

1  0     y  0 

0.848 

y  » 

3003.36 

717803.66  1 

011*9^6 

7  O'yj 

873,722,816 

1  30.9»9 

9.8ci 

y  D 

1006.  sO 

719-106.12 

'  91^,849 

876,467,493 

'  30.935 

Q.854. 

os:8 

3009.65 

720810.16 

917,764 

879,2 1 7,91 2 

30.951 

9.858 

3012.79 

722315.77 

919,681 

881,974,079 

'  y  i  1 '     #  y 

30.968 

Q.86I 

30^5-93 

723822.95 

921,600 

884,736,000 

30.984 

0.86  s 

961 

3019.07 

725331.70 

923,521 

887,503,681 

3> 

t.ooo 

9.868 

962 

3022.21 

726842.02 

925,444 

890,277,128 

y    f  Mil 

3' 

r.oi6 

9.872 
y  1 

3025.35 

728353.01 

027,369 

803,056,  t47 

3^ 

1.032 

9.875 

964 

3028.50 

729867.37 

920,296 

895,841,344 

y '     •    7«.7  1  1 

31 

[.048 

9.878 

965 

3031.64 

731382.40 

931,225 

898,632,125  I 

!  31 

[.064 

9.881 

966 

3034-78 

732899.01 

9^^,i  *>6 

901,428,696 

y       7^      ?  y 

3 

r.o8o 

9.885 

967 

1  3037-92 

734417.18 

\  935,089 

904,231,063  , 

t.097 

9.889 

968 

3041.06 

735936.93 

i  937,024 

907,039,232 

\  31 

r.113 

9.892 

7  y 

960 

3044.20 

7374558.25 

038,961 

J 0  yy 

900,8c  3,200 

31 

1.129 

0.80? 

y"-'yj 

304735 

738981.13 

,  940,900 

912,673,000 

31 

9. 800 

y  yy 

3050.49 

740505.50 

Q42A4I 

oic,4o8.6i  1 

31 

1. 161 

305363 

742031.62 

944,784 

918,330,048 

t.177 

0.906 

07^ 

3056- 7  7 

743559-22 

946,729 

y^Ji  y 

Q2I«l67,^17 

%y 

M93 

974 

3059-91 

745088.39 

948,676 

924,010,424 

V 

t.209 

O.Ql  2 

y  y 

97^; 

3063.05 

746619.13 

9^0,625 

926,8t;9,37i; 

3 

t.225 

0.016 

y  y  ^ 

976 

3066.19 

748151.44 

9^2, S76 

929,7  14,176 

y     y^t     ^>  # 

3 

[.241 

0.0  IQ 
J  J  y 

3069.34 

749685.32 

9S4,S2Q 

7  J    T  '  J  ✓ 

032,c;74,8tt 

3> 

'•257 

0.02  1 

978 

3072.48 

751220.78 

,  956,484 

93^,441,352 

3' 

'•273 

0'Q26 

979 

3075.62 

75a757.8o 

958,441 

938,31  3,730 

31 

r.289 

0'02Q 
y  ir*y 

3078.76 

754296.40 

960,400 

941,102,000 

31 

'•3^5 

0.0H 

981 

3081.90 

755<^36.56 

062,361 

944,076,141 

y~^>     #  7 

31 

1.3*' 

OkOi6 

982 

3085.04 

757378.30 

964,324 

946,066,168 

1  3' 

'•337 

0.04O 
V  yt^ 

983 

3088.19 

758921.61 

966,289 

y       7  y 

949,862,087 

y  J  y*           7  i 

3 

'•353 

0-94.3 
y  y 

984 

309'-33 

760466.48 

968,256 

9^2,763,904 

3 

r.369 

9.946 
y  y^^ 

985 

309447 

76201 2.93 

970,22s 

y  §    '  J 

9^^,671,621; 

3 

'•385 

9.950 

y  y 

986 

3097-61 

763560.95 

972,196 

y  1    f  7 

9^8,585,2^6 

3 

[.401 

y  y  JO 

9S7 

3100.75 

765iia54 

974,160 

961,504,803 

3' 

r    <  T  A 

0.056 
y  y  J 

988 

✓ 

3»03.«9 

766661.71 

076,144 

064,410.372 

3' 

f.432 

0.060 

980 

3T07.04 

7682 14.44 

078,121 

067.161.660 

31 

r.448 

Q.061 

ggo 

1  3 1 1 0. 1 8 

769768.74 

980,100 

y  ' 

970,299,000 

y  #     7     7  yj 

•  31 

r.464 

0-066 

991 

3113-32 

771324.61 

982,08 1 

073,242,27 1 

31 

r.480 

0.070 

y  y  1 

992 

3116.46 

772882.06 

'  984,064 

976,191,488  t 

y  #     "    y    "  I 

[.496 

9.973 

y  y  /  0 

993 

3119.60 

774441.07 

1  986,049 

970,146,6^7  ' 

y  I  yy    ^    1    0  i 

'  31 

t.512 

0-077 

994 

3122.74 

776001.66 

988,036 

y         r  V 

982,107,784 

31 

.528 

0080 

995 

3  "5-89 

777563.8a 

990,025 

985,074,875  1 

3' 

•544 

9- 983 

996 

3129.03 

779127.54 

992,016 

988,047,936 

31 

f-559 

9.987 

997 

3132.17 

780692.84 

1  994,009 

991,036,973 

33 

1.575 

9.990 

998 

3i35-3» 

782259.71 

996,004 

994,011,992 

3' 

r-59i 

9-993 

999 

3138.45 

783828.15 

998,001 

997.002.999  ' 

31 

.607 

9-997 

1000 

3141.60 

785398-16 

i,ooo^ooo  1 

1,000,000,000  j 

C.623 

10.000 

CIRCLES; — DIAMETER,  CIRCUMFERENCE,  &C 
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TABLE  No.  IV.    CIRCLES  :-DL\METER,  CIRCUMFERENCE, 
AREA,  AND  SIDE  OF  E^UAL  SQUARE- 


1 

Side  of 

Side  of 

Diameter. 

1  Circtitn- 
ferenoB. 

Area. 

iE({iial  Souare 
kSiiuan  Root 
1  of  Am). 

1 

Diameter. 

Circuin- 
fentux. 

Area. 

Kfliuil  Souare 
tSquaiv  Rom 
of  Atmi. 

i/  ^ 

•  1903 

3 

9.4245 

7.0686 

2.6586 

•"553 

"J  I  /  « 
3  'IO 

i^.02l  I 

7.3663 

2.7140 

1^ 
7t 

•3927 

.  I  107 

3/8 

9.6I75 

7.6699 

2.7694 

J/i6 

.3090 

•v'Z/UI 

.  1  LKJ  I 

3  ^/i6 

1 0. 0 1 4 

79798 

2.8248 

1/ 

.7654 

.049*^ 

.221, 

3/4 

10.210 

8.2957 

2.8801 

.9017 

,0/070 

.2770 

1  'tl  £ 
3  ^/»6 

10.400 

8.6180 

2.9355 

1.1781 

.1104 

'33^3 

ia6os 

8.9463 

2.9909 

1-3744 

.1503 

.3877 

3  7/16 

10.799 

9.2807 

3-0463 

1.5708 

.1963 

.4431 

10.995 

9.621  I 

3.1017 

1.777 1 

.2485 

.4984 

3  '^/.6 

11.191 

9.9680  II  3.1571 

1-9635 

.3068 

•5539 

3>< 

11.388 

"/i6 

2. 1 598 

.3712 

.6092 

3"A6 

11.584 

3.2070 

2.3562 

.4418 

.6646 

3^ 

11.781 

1  1  a  A  A 

2.5525 

.5185 

.7200 

3'l^6 

11.977 

II  1 1 A 

1  1       1  VI 

3-3/ °" 

«5/f6 

2.7489 

.6013 

.7754 

3?i 

12.173 

I  I  701 

1    1  1210 
3-434'^ 

3.9452 

•6903 

.8308 

3'Vi« 

12.369 

12*177  1 

1    4  Aml%A 
]  3'4»9# 

I 

3.1410 

.7554 

.0002 

1  i 

4 

1 2.500 

12.566 

3.5448 

>33/9 

.oovo 

4/16  1 

12*/02 

13.962 

3.6002 

3-5343 

.9940 

.9909 

4/» 

12.959 

13-364 

36555 

I  3/ ,6 

3- 7  300 

I. 1075 

I.O524 

4  ^/ 16 

1 3- '55 

13-772 

1  37'09 

3.9270 

1. 2271 

V     ff        1  T 
1  .  / 

4/4 

'3  35* 

14.186  i 

37663 

I  5/i6 

4«»233 

'•3530 

I  •  1 03 I 

4  '/»6 

13-547 

14.606 

1  3-8217 

4-3197 

1.4848 

1. 2185 

4fi  ; 

13744 

^  /   I  I 

15033  i 

1  3.8771 

I  7/f6 

4.5160 

1.6229 

1.2739 

4  7/, 6 

13-940 

1  5.465 

3-9325 

4.7124 

1.767 1 

,  1-3293 

14-137 

15.904 

3.9880 

4.9087 

I.9I75 

1-3847 

4  9/,6 

U-333 

l6.'^Q 

A-OAXA 

5. 1051 

2.0739 

1.4401 

4>i 

14.529 

16.800 

4.0987 

5-30'4 

2.2365 

1-4955 

4"/.6 

14.725 

17.257 

4.I54I 

5.4978 

2.4052 

1.5508 

4^ 

14.922 

17.720 

4.2095 

n3/i6 

5.6941 

2.5800 

1.6063 

4'3.6 

15.119 

18.190 

4.2648 

5.8905 

2.761 1  1 

1. 6616 

15-315 

I&665 

4.3202 

I '5/16 

6.0868 

2.Q483  ' 

1.7170 

15.511 

19.147 

4-3756 

0.2032 

3.1410 

1.7724 

5 

I  $.705 

19.635 

4-4310 

2  7i6 

0.4795 

3-3300  t 

1 .0270 

5  /16 

15.904 

20.  I  29  ' 

'  4.4864 

2}% 

0.0759 

3-5405 

1 .00  J 1 

c  U 

5  A 

1 0. 1 00 

20.629 

4-5417 

^     it  ^ 

2  J/ 16 

0.0722 

37504 

'•9305 

5  -^/'S 

10.290 

21.135 

4-5971 

/.OOOO 

3.9700 

1.9939 

r  1/ 

5.S< 

10.493 

21.647 

4.6525 

2  5/«6 

7.2049 

4.2000 

2.0493 

5  5/16 

10.059 

22.166 

4.7079 

2>i 

7-4613 

4.4302 

2.1047 

16.886 

22.690 

4.7633 
4.8187 

2  7/,6 

7.6576 

4.7066 

2.1601 

5  7/»6 

17.082 

23.221 

2M 

7.8540 

4.9087 

2.2155 

5K 

17.278 

23758 

4.8741 

2  9/,6 

8.0503 

5«573 

2.2709 

5  9/,6 

17-474 

24-30' 

4.9295 

2H 

8.2467 

5-4119 

2.3262 

5>i 

17.671 

24-850 

4.9848 

2"/.6 

8.4430 

5.6723 

2.3816 

5"/.6 

17.867 

25.406 

5.0402 

8.6394 

5-9395 

2-4370 

5^ 

18.064 

25.967 

5.0956 

8.8357 

6.2126 

3.4924 

5'Vi6  i 

18.261 

26.535 

5.1510 

9.0321 

6.4918  ' 

2.5478 

5?< 

18.457 

27.  108 

5.2064 

2»s/,6 

9.2284  1 

6.7772 

2.6032 

5's/.6  1 

18.653 

27.688 

5.2618 
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88  MATHEMATICAL  TABLES. 


Circum- 

Ana. 

Side  of 
Equal  Souare 
(Square  Root 
of  Ana). 

DnflMlv. 

Circum- 
ference. 

Ana. 

\  Sldeof 
Equal  Suuare 
[(Square  Rooc 
1  oTAiw). 

6 

6X 

6X 

6^ 

■ 

18.849 

19.242 

19.635 

20.027 
20.420 
20.813 
21.205 

21.598 

28.274 
29.464 
3a679 
3'-9'9 
33- '83 
34.471 
357«4 
37- 1 22 

5.3172 

5.4280 

5.5388 

5.6495 
5.7603 

5.8711 

5.9819 

6.0927 

12 

I2>^ 
I2H 

I  2 'A 

I2H 
I2H 
I2H 

37.699 
38.091 
38.484 
38.877 
39.270 
39.662 

40.055 

40.448 

113.097 
1 1 5.466 

117.859 

120.276  1 

122.718 

125.184 

127.676 

130.192 

10.634 
10.745 
10.856 
10.966 
11.077 
11.188 
11.299 
11.409 

7 

7>< 

7H 

ly^ 

7H 
7H 
7H 

21.991 

22.383 

22.776 
23.169 

1  23.562 
!  23.954 
24347 

.24.740 

38.4.S4 

39.871 

41.282 

42.718 
44.178 
45.663 
47>73 
48.707  i 

6.2034 
6.3142 

6.4350 
6.5358 
6.6465 

6.7573 
6.8681 

6.9789 

»3 

13X 

13X 

nH 
13^ 

40.840 
41.233 

41.626 
42.018 
42.41 1 
42.804 

43.197 

43.589 


132.732 

135.297 
137.886 
140.500  1 

i43.i39 
145.802 

148.489  ! 

151.201  1 

11.520 
1 1.031 

11.742 
1 1.853 
11.963 
12.074 
12.185 
12.296 

8 

SH 

8X 

■ 

25.132 

25-5'5 

25.918 

26.310 
26.703 
27.096 
27.489 
27.881 

50.265 
51.848 

53-456  ' 
55.088  I 

56.745 
58.426 
60.132 
61.862 

7.0897 
7.2005 

7.3112 

7.4220 

7.5328 

7.6436 

7-7544 
7.8651 

14 

H% 
14^ 
14K 

43-  982 

44.375 

44-  767 
45.160 

45.553 

45-  945 
46.338 

46.73» 

•53.938 
156.699 
159485 
162.295 
165.1 30 
167.989 
170.873 
173.782 

12.406 
12.517 
12.628 
12.739 
12.850 
12.960 
13.071 
13.182 

9 

9>< 
9X 
9>^ 
9K 
9K 
9^ 
9H 

28.274 
28.667 
29.059 
29.452 
29.845 

3^' -37 
30.630 

31.023 

63.617 
65.396 
67.200 
69.029 
7a882 
72.759 
74.662 
76.588 

7.9760 
8.0866 
8.1974 
8.3081 
8.4190 
8.5297 
8.6405 

8.7S'3 

'5 

i5>^ 

»5M 
I5>^ 

^SH 
15^ 

47.124 

47.516 
47.909 
48.302 
48.694 
49.087 
49.480 
49.872 

176.715 

179.672 
182.654 
185.661 
188.692 

191.748 

194.828 

197.933 

«  3.293 

13-403 
i3-5»4 
13.625 

13.736 

i3-?^47 

» 3-957 
14.068 

lO 

loH 
loH 
loji 

31.416 
31.808 
32.201 

32.594 
32.986 

33-379 
33772 
34.164 

78.540 
80.515 

82.516 
84.540 
86.590 
88.664 
90.762 
92.885 

8.8620 

8.9728 
9.0836 

9.1943 

9-3051 

94159 
9.5267 

96375 

16 

i6>^ 

16X 
16H 
16K 
i6>^ 
16^ 

50.265 

50.658 
51.051 

5>-443 
51.836 

52.229 
52.621 
53.014 

201.062 

204.216 
207.394 
210.^97 
213.825 
217.077 
220.353 
223.654 

14.179 

14.290 

,  14.400 

14-5" 
14.622 

14-732 
14.843 

14.954 

1 1 

11^ 

34.558 

34-  950 

35-  343 

35-735 

36.128 

36.521 

36.913 
37.306 

95033 
97.205 

99.402 

101.623 

1 03. 869 
106. 1 39 
108.434 

1 10.753 

9.7482 
9.8590 
9.9698 

lO.OoO 

i  10.191 
10.302 

10.413 
10.523 

17 

'7H 

17H 

53.407 

53-799 
i  54->92 

54.585 

54,978 

;  55-370 

55-763 
56.156 

226.980 
230-330 
1  233.705 
237*104 
240.528 

243-977 
247.450 

1  250.947 

15.065 

!  15.176 
15.286 

15.397 
15.508 

15.619 

15.730 
15.840 
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1 

Side  of 

1 

'     Side  of 

Duuncter. 

CbciMi- 

Area. 

Equal  Sauare 
ijScjuarc  Root 

Diameter. 

Area. 

Equal  Square 
li  Square  Root 

of  Area). 

1    of  Area). 

18 

56.548 

254.469 

15.951 

24 

75-398 

452-390 

—  

21.268 

56.941 

258.016 

16.062 

75-791 

457-115 

21-379 

3/*  JJ*r 

261.587 

1    1 6. 1 7  "1 

24. 

76.181 

461.864 

21  AQO 

18^ 

57.726 

265.182 

1  16.283 

24^ 

76.576 

466.638 

21.601 

58.119 

268.803 

16.394 

24>^ 

76.969 

471.436 

21.712 

58.512 

272.447 

16.505 

77.361 

476.259 

21.822 

58.905 

276.1 17 

16.616 

77-754 

481.106 

21.933 

59.397 

279b8ri 

16.727 

78.147 

485.978 

22.044 

t 

19 

59.690 

283.529 

16.837 

25 

78.540 

490.875 

22.155 

60.083 

287.272 

16.948 

25>^ 

78.932 

495.796 

22.265 

*3  ^ 

22.^76 

60.868 

294.831 

17.170 

25>^ 

79.718 

505.711  f 

22.487 

61.261 

298.648 

17.280 

25 '4 

80. 1  10 

510,706 

22.598 

61.653 

302.489  1 

17-391 

25>^ 

80.503 

515-725 

22.709 

62.046 

306.355  1 

17.502 

25^ 

8a8Q6 

520.769 

22.819 

62^39 

3ia24$  1 

17.613 

1 

81.288 

535.837 

22.930 

20 

62.832 

314.160 

1  '7-724 

26 

81.681 

i 

530.930 

23.041 

63.224 

318.099 

1  17.834 

26  >^ 

82.074 

536.047 

23.152 

61.617 

"122.06 

26  J/ 

i  82.467 

<;4.i.  i8q 

21.062 

64.010 

326.05  I 

18.056 

26^ 

!  82.859 

546.356 

23-373 

20>^ 

64.402 

330.064 

18.167 

26>i 

1  83.252 

55 '-547 

23.484 

20H 

64.795 

334.101 

18.277 

26>^ 

1  83.645 

556.762 

23-595 

20H 

65.188 

338.163 

18.388 

26^ 

84.037 

562.002 

23.708 

20^ 

65.580 

342.250 

18.499 

84.430 

567.267 

2  3.S'i6 

21 

65-973 

346.361 

18.610 

27 

84-823 

572-556 

23.927 

66.366 

350.497  ' 

18.721 

27  >^ 

85.215 

577.870 

24.038 

21  5^ 

66.7!;o 

!  18.831 

27  M 

85.608 

583.208 

2d.  I  AO 

2I>^  1 

67.151 

358.841 

18.942 

27>^ 

86.001 

588.571 

1  24.259 

67.544 

363051 

19-053 

27  >^ 

86.394 

593-958 

24.370 

67.937 

367.284 

19.164 

27H 

86.786 

599-370 

24.481 

68.329 

371-543 

19.274 

27^ 

87.179 

604.807 

24.592 

2I?i 

68.722 

375-826 

19.385 

27^ 

87.572 

610.268 

24.703 

23 

69.1  15 

380.133 

19.496 

28 

87.964 

615-753 

24.813 

22>i 

69.507 

384.465 

19.607 

88.357 

621.263 

24-924 

22!^ 

60.CXX) 

-^88.822 

10.718 

88.7CO 

626.798 

22>i 

70.293 

393-203 

19.828 

28>^ 

89.142 

632-357 

25.146 

22>^ 

70.686 

397-608 

19.939 

28>^ 

89-535 

637.941 

25.256 

22  >^ 

71X178 

402.038 

20.050 

28^ 

89.928 

643.594 

25.367 

22^ 

71.471 

406.493 

20.161 

281^ 

90.321 

649.182 

25.478 

22;^ 

71.864 

410.972 

20.271 

28;i 

90.713 

654.839 

25.589 

23 

72.256 

415.476 

2a382 

29 

91.106 

66a52i 

25.699 

72.649 

420.004 

20.493 

29>^ 

91.499 

666.227 

25.810 

23  V  ! 

73.042 

424.557 

j  20.604 

29X 

91.891 

671.958 

25.921 

23H  1 

73-434 

429.135 

20.715 

29>^ 

92.284 

677.714 

26.032 

73.827 

433.731 

2a825 

29>^ 

92.677 

683.494 

26.143 

74.220 

438.363 

20.936 

29>^ 

93.069 

689.298 

26.253 

23¥  1 

74.613 

443.014 

21.047 

29l<' 

93.462 

695.128 

26. 364 

23^ 

75.005  1 

447.699  j 

21.158 

29^6 

93.855 

700.981  1 

26.478 
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Side  of 
Equal  Scmarc 
(Square  Root 
of  Am). 

DifliMfeir. 

Ciraim- 
Cgnnce. 

i 

Aml  I 

1     Side  of  1 
K>ju.tl  Stujare. 
[iSquare  RooU 

yoW 

3oH 

1 

94.248 

94.640 

95033 
95.426 

95.818 

96.21? 

96.604 

706.860 

712.762 

718.690 

724.641  ' 

730.618 

736.619 

742.644 

748.694 

26.586 
26.696 
26.807 
26.918 
27.029 

27«39 
27.250 

27.361 

36 

36X 

36X 

3(>H 

36^ 

■/^  S 

113.097 

113-490 
113.883 
114.275 
114.668 
II  5.061 

•15-453 

1017.88 
1024.95 
1032.06 

1039.19 
1046.35  i 

•053.52  , 
io6a73  i 

io67.()- 

3».903 

32.014 

32.124 

32.235 

32.349 
32.457 

32.567 

f-rH 

3«  ^ 
31 

3»X 

S^H 

3\H 

31V 



97.389 
97.782 

98.175 

98.567 

98.968 

99.353 

99-745 

754.769  ! 
760.868  1 

766.992 

773- '40 

779-3^3 
785.510  I 

791.732  : 

797.978 

27.472 

27.583 

27.693 

27.804 
27.915 
28.026 
28.136 
28.247 

37 

37}i 

37% 
37  H 
37% 

VH 

37  H  ' 
37;^ 

116.239 
1161631 
1 17.024 
117.417 
117.810 
118.202 
118.595 
118.988 

1075.21 
1082.48 
1089.79  ( 
1097.11 
1104.46  1 
IIII.84  1 
1 1 19.24  i 
1126^  1 

32.789 

32.9(x> 

33-01 1 

33.021 

33.232 

33-343 

33-454 

33.564 

32 

32% 
32H 
32% 
32H 
32H 

ioa53i 

ioa924 
101.316 
ioi.709 
102.102 
102.494 
102.887 
103.280 

804.249 

810.545 
816.865  ' 
823.209  1 
829.578  1 
835.972 
842.390 
848.833 

28.358 
28.469 
28.580 
28.691 
28.801 
28.912 
29.023 
29.133 

38 
3m 

38  V 

38 
3^H 

38  ¥ 

119.380 

119-773 

120.166 

i2a558 
120.951 

121.344 
121.737 

122.129 

II34-II  1 

1141.59  1 
1149.08  1 

1156.61 

1164.15  1 
1171.73 

1179-32 
1186.94 

33.675 

33.786 

33-897 
34.008 

34.1 18 

34.229 

34.340 

34.45* 

33 
33>< 

33  V 
33H 
33H 

33H 
33H 
33'A 

103.672 

104.055 
104.458 
104.850 

105.243 

105.636 

106.029 
106.421 

855-30 

861.79 

868.30 
874.84 
88mi 
88S.00 
894.61 
901.25 

29.244 

29355 
29.466 

29- 577 
29.687 

29.798 

29.1^} 

30.020 

39 
39>^ 
39'A 
39h 
39>i  1 
39H  ; 

39^  1 
39^  j 

123.52a 

122.915 

123.307 
123.700 

124.093 
124.485 
124.878 
125.271 

"94.59 

1202.26 

1209.95  I 

1217.67 

122542 

1233.18 
1240.98 

1248.79 

34.561 

34.672 

34.783 

34-  894 
35.005 

35-  "5 

35.226 

35-337 

34 
34  >^ 
34  V 
34>^ 
34>^ 
3AH 
3AH 
34H 

106.814 

107.207 
107.599 
107.992 
108.385 
108.777 
109.170 
109.563 

907,92  1 

914.61  [ 

921.32 

928.06 

934.82 

941.60 

948.41 

955.25 

30131 
30.241 

30.352 

30.463 

30.574 
30.684 

30.795 
30.906 

40  1 
40 'A  . 
40% 
40H  1 
40>^  1 
40H 
40H 
40H 

125.664 
1 26.0^6 
120.449 
126.842 
127.234 
127.627 
128.020 
128.412 

1 2  56.64 

1264.50  ! 
1272.39  1 

I28a3i 

1288.25 
1296.21 
1 304.20 
1312.21  j 

35-448 

1  35.558 
1  35-669 
35.780 

35.89J 
36.002 

36. 1 1 2 

36.223 

35 

35^^ 
35X 
35?^ 
35  M 
35>^ 
35V 
3SH 

109.956 
I  ia348 
110.741 

V  V  V  V  ^  ji 

111.134 

1 1 1.526 
111.919 
112.312 
112.704 

962.1 1 
968.99 
975.90 

903.04 

989.80  i 
996.78 
1003.78 

ioia82 

31.017 
31.128 
3'.238 

3* '349 

31.460 

31.571 
31.681 

31.792 

41 

41X  i 

4' 7»  1 

4iH 
41H  i 

1 

128.805 
129.198 
129.501 
12^903 

130.376 

130.769 
131.161 

1320.25  j 
1328.32  1 
133640  1 

*344»5*  1 

1352.65 
1360.81 
1369.00 

I377.«i  1 

36.334 
36.445 

36.777 
[  36.888 

36-999 
1  37.109 

uigui^co  Ly  Google 
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1 

Circiim> 
ftiicnofl 

Am. 

Side  of 
Equal  Square 
(Sfuarc  Root 
•TArea). 

Diametcc. 

Orcum- 

Area. 

1     Side  of 
Equal  Square 
ilSquare  Root 
1    of  Area). 

42 

42X 

42H 

42."^ 

4»H  \ 

i3'-947 
132.339 

135.115 

I33-5I8 
133-910 
134.303 

1385.44 
» 39370 
IdOI  08 

1410.29  ' 

1418.62 

1426.98 

'435-36 

1443.77 

37.220 
37.331 

17  AA2 

37.552 
37-663 

37-774 

37.885 
37.996 

48 

48 
48 

48^ 

48'/ 

48>i 
48^ 

4B;< 

150.796 
151.189 
1^1  582 

151.974 

152.367 
152.760 

153.153 
153.545 

1 809. 56 
181S.99 
1828.I6 

'837.93 

1847.45 

1856.99 
1866.55 
1876.13 

'  42.537 
42.648 
A2  7CO 
42.870 
'  42.980 
1  43.091 
43.202 

43.313 

43  ' 
43>^ 

i 

1  43K 

43^  , 
43¥  i 

135.088 
135-481 

lie  87A 

136.266 
1  136.659 

:  137-052 

137.445 
137.837 

1452.20 
1460.65 

1477-63  ' 
1486.17 

1494.72  . 

1503.30 
1511.90 

38.106 
38.217 

18  i'»8 

3«-439 
3«-549 
38.660 

38.77« 
58^3 

49 

49>i 

49  H 
49'A 
49H 
49^ 

153938 

'54.331 
I  CA.7a9 

155.116 

155.509 
155.901 

156.294 

1(6.687 

1885.74 
'895.37 

1914.70 
1924.42 

1934.15  i 

1943.91  ! 

IQdi6Q 

1 

43-423 

43-534 

j.t.6ii<; 

43-756 
43-867 

i  43-977 
44.088 
44.IQO 

44 

44>i 
44H 
44H 

44  ^< 

138.230 

138.623 

I  iQ  ore 

139,408 

139.801 

140.193 

14a  $86 

1520.53  1 
1529.18 

1 5^7  86 

1546.55 
'  55  5-28  1 
1 564.03 
I  $72.81 

r5f^i.6l 

38.993 
39-103 

1Q  IJ. 

3^^,32  5 

39-43^ 
39-546 

39.657 

30-^^ 

50 
50^ 

50>^ 

50  V 

!  i37.oikj 
157.865 
1 58.650 

1 59.436 

1963.50 

1983.18  ' 
2002.96  ' 
2022.84 

1  44.3'o 
44-531 

44-753 

'  44  >"r4 

5» 

51V 

SI 'A 

160.221 
161.007 

161.792 
162.577 

i 

2042.82 
2062.90 
2083.07 
2103.35 

45.196 

45417 

45639 
45.861 

45  1 

45>^ 
45>^ 
4SH 
4SH 
4SH 

1  141.372 
141.764 

14-.  I  5/ 
142.550 
142.942 

143.335 
143-728 
144.120 

'590.43 
1599.28 

1608.15 
1617.04 
1625.97  . 

1634.92  1 

1643.89 

1652.88 

39879 

39.989 

iio  110 

40.21 1 
40.322 

40.432 

40.543 

40.654 

52 

52X 

-     I  / 

52X 

'63.363 

104.  140 
164.934 
165.71^ 

2123.72 

2144.19 
2164.75  ' 
2185.42 

46.082 

40.304 
46.525 

46.747 

53 
53X 

166.504 
167.290 

3306.18 

2227.05 

46.968 

47.190 

46 

465^ 

144.513 

144.906 

1661.90 

1670.95 

40.765 

40.876 

53K 
53X 

168.075 
168.861 

2248.01 
2269.06 

47.41 1 
47-633 

46H 
46>4 
46H 

46H 

145.691 
146.084 

146.477 
146.869 

1680.01 
1689.10 
1698.23 

1707.37 
1716.54 

AO  q86 
41.097 
41.208 

4i.3»9 

41.429 

54 

54V 
54>^ 
54^ 

169.646 

170.431 
171.217 
172.002 

229a22 

231  1.48 

2332.83 
2354.28 

47.854 

i  48.076 
1  48.298 
48.519 

147.262 

1725.73  1 

41.540 

55 

55i^ 
55>^ 
55Ji^ 

173.788 

'73-573 
'74-338 
»75-'44 

2375.83 

2397.48 

2419.22 
2441.07  j 
 1 

48.741 

48.(962 
'  49.184 

:  49.405 
\  

47 

47  H 
47  Y 
47^ 
47^ 
47><  ; 
47M'  ( 
1 

147.655 
148.047 
148.440 

148.833 
149.226 

149.618 
1    I  50.01  I 
130.404 

1734.94 

1744.18 

175345 
1762.73 
1772.05 

178T.39 
1790.76 
1800.14  j 

41.651 

41.762 

41.873 

41-983 
42.094 

42.205 

[  42.316 

42.427 

56 

56V 
56M 
56^ 

175.929 

176.715 

177.500 
1  178.285 

2463.01 

2485  05  I 
2507.19 

252942  1 

;  49.627 

49.848 
'  50.070 

j  50.291 
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MATHEMATICAL  TABLES. 


Diameter. 

Circum- 
1  ferenoe. 

Ana. 

1       Side  of 
1  Equal  Square 
uSquare  Root 
oTAKa}. 

Diameter. 

Circum- 
ference. 

Area. 

SideoT 
Equal  Souare 
(Square  Root 
of  Aim) 

57 

57X 
57>^ 

r-  1 

5/  -J 

179.071 
179.856 
180.642 

181.427 

2551.76 

2574.19 
2596.72 

2619.35 

50-513 

50-735 
t  50.956 

68 
68X 
68  >^ 

68 

213.628 
214.414 
215.199 

21  5.983 

3631.68 
36^8.44 
3685.29 

3712.24 

 _ 

j  60.261 
60.483 

6a704 

60.926 

✓ 

58 
58X 

58^ 

182.212 

182.998 
183.783 
184.569 

2642.08 
2664.91 
2687.83 
27ia85 

1  51-399 
51.621 

!  51.842 
52.064 

69 
69X 
69K 
69K 

216.770 

217-555 

218.341 

219.126 

3739.28 

376643 

3793-67 
3821.02 

1  

1  61.147 
1  61.369 

61.591 
61.812 

59  , 
59X 

59>^ 

59.¥ 

185.354 

186.139 
186.925 
187.710 

2733.97 

2757.19 

2780.51 
2803.92 

52.285 

52.507 
52.729 
52.950 

70 
70X 

70M 
7034' 

219.912 

220.697 
22  1.482 
222.268 

1 

3848.45 
3875.99 
3903.63 
3931.36 

62.034 

62.255 
62.477 
62.698 

60 

60X 

60X 

188.496 

189.281 
190.066 
190.852 

2827.43 
2851.05 
2874.76 
2898.56 

53.172 

53-393 
53.615 
1  53.836 

71 

71X 
7i>^ 
71^ 

223.053 
1  223.839 
I  224.624 

225.409 

3959-19 
3987-13 
4015.16 

4043.28 

62.920 

63.141 

63.363 
63. 54  5 

61 

61 X 

191.637 

192.423 
193.208 

193*993 

2922.47 
2946.47 
2970.57 
2994*77 

54.048 

54.279 
54.501 

54.723 

72 
72X 

72j'^ 

72X 

226.195 
I  226.980 
227.766 
228.551 

4071.50 

4099-83 
4128.25 

4156.77 

63.806 
64.028 
64.249 
64471 

62 

62X 

62  >4 
62^ 

194.779 
195.564 
196.350 

'  >  97- 1 35 

1 

3019.07 

3043-47 
3067.96 

3092.56 

54.944 
55.166 

55.387 

55.6o<) 

1 

73 
73X 

iy\ 

229.336 
230.122 
230.907 
231.693 



4185.39 
42 14. 1 1 

4242.92 

4271.83 

1  64.692 
64.914 

1  65.135 
65-357 

63 

63  K 
6jX  I 

197.920 
198.706 

199.491 
200.277 

3117-25 
3142.04 

3166.92 

3191.91 

55-830 
56.052 
56.273 
56.495 

74 
74X 

74>i' 

74M' 

1  232.478 

1  233.263 
234.049 
234.834 

4300.84 

4329.95 

4359.16 

438847 

65.578 
65.800 

66.022 
66.243 

^W*0 

64 
64X 

64  M  ' 
64  V 

201.062 
201.847 

202.633 
203.418 

3216.99 

3242.17 

3267.46 
3292.83 

56.716 

56.938 
57-159 
j  57.381 

75 

75^ 
75'^ 
75M 

235.620 

236.405 
237.190 
237.976 

4417.86 

4447-37 
4476.97 

4506.67 

66.465 

66.6S6 
66.908 
1  67.129 

65 

65X 
65  >^ 
65X 

204.204 
204.989 
205.774 
206.560 

3318.31 

3343-88 
336956 
3395.33 

57.603 

,  57-824 
1  58.046 
58.267 

76 

76X 

76M' 

238.761 

i  239.547 
240.332 
j  241.117 

4536.46 
4566.36 

4596.35 
4626.44 

67.351 
67.572 

:  68.016 

66 
66X 

66;^ 

207.345 
208.131 

208.916 

209.701 

3421.19 
3447- 16 

3473.23 
3499.39 

58.489 
58.710 
58.932 
59'154 

77 

77X 

n% 

241.903 
242.688 

243.474 
244.259 

4656.63 
4686.92 
4717.30 
4747.79 

68.237 
68.459 
1  68.680 
j  68.903 

67 
67X 
67>^ 
67X 

210.487 
21 1.272 
i  212.058 

'  212.843 

1 

3525-66 
3552.01 

357847 
36o5/>3 

59-375 
59.597 
59.818 
60.040 

78 

78X 

78X 

245.044 
245.830 
240.615 

247.401 

4778.36 
4809.05 

4839.83 
487a70 

69.123 
69.345 
69.566 
69.788 
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Diameter. 

Circum- 
ference. 

79 

79X 

79>^ 

248.186 
248.97 1 
249.757 
25a  542 

4901.68 

4932.75  1 
4963.92 

4995.19 

80 

80 
80M 

j  251.328 
252.113 
252.898 
253.683 

5026.55 
5058.00 
5089.58 
5121.22 

81 

81 

8l>4 

254469 

255.254 
256.040 
256.825 

5153.00 
5184.84 

5216.82 
5248.84  1 

82 

82X 

82>^ 

82  V 

257-61 1 
258.396 
259.182 
259.967 

5281.02 

5313-28 
5345.62  ' 
5378.04 

83 
83X 
83^ 
83K 

260.752 

261.537 
262.323 
263.108 

5410.61 

5443-24 
5476.00 

5508.84 

84 
84X 

84  K 

263.894 
264.679 
265.465 

' 

5541-77 
5574.80  1 

5607.95  1 

5641.16  ' 

85 

85X 
85;^ 
85X 

267.035 
267.821 
268.606 
1  269.392 

5674.51 

5707.92 

5741-47 
5775'OQ 

86 

86 '^r 

86K 
86^ 

270.177 
270.962 
271.748 

272.533 

5808.80 

5842.60 
5876.55 
5910.52 

87  1 
87X  1 
87^ 
87^  1 

273-319 
274.104 

1  274.890 

!  275.675 

5944-68 
5978.88 
6013.21 
6047.60 

88  1 
88^4: 

276.460 
277.245 
1  278.031 
278.816 

6082.12  ' 
6116.72 
6151.44  1 
6186.20 

89 
89X 
89^ 
89^ 

279.602 
280.387 
281.173 
381.958 

6221.14 
6256.12 
6291.25 
632644 

Side  of 
Equal  Suuare 
(Square  Koot 
of  AfeaV. 

Dtaoieter. 

Circum- 
ference. 

Ana. 

Side  uf 
Equal  Souare 
{Square  Root 

70.009 
1  70.231 

70453 

7o/,74 

90 

90X 
90>^ 

282.744 
283.529 
284.314 

6361.73 
6399.12 

6432.62 

6468. 16 

79758 
79.980 
80.201 
80.42? 

70.896 
71. 1 18 

71-339 
71.561 

91 

91 X 

9IK 

9i>< 

285.885 
286.670 

287.456 
288.242 

6503.88 
6539.68 

6573.56 
6611.52 

80.644 
80.866 
81.087 
81.308 

71.782 

72.004 

72.225 
!  72.447 

92 

92V 

92  >^ 

92  M 

289.027 

289.812 

290.598 

6647.61 

6683.80 
6720.07 
67  56.40 

81.530 
81.752 

81.973 
82.1Q( 

72.668 
72.890 

'  73-1" 
73.333 

93 

93X 

93>^ 

292.168 
292.953 

293739 
204.^24 

6792.91 
6829.48 
6866.16 
6882.92 

82.416 

82.638 
82.859 
81.081 

73.554 

73-77^ 
73-997 
74.210 

94 
94V 
94>^ 
941^ 

295.310 
296.095 
296.881 
297.666 

6939.78 
6976.72 
7013.81 

7ocao3 

83.302 

83.524 
83.746 
81.068 

74.440 
74.662 
74.884 
7?.lo6 

95  ! 
95K  1 

298.452 
299.237 
300.022 

^00.807 

7088.22 

7125.56 

7163.04 

7200.56 

84.189 
84.41  I 
84.632 

■  84.854 

75-327 

75.549 

75.770 

7C.Q02 

96 
96X 

96  >^ 

301-593 
302.378 

302.164 

-201.048 

7238.23 
7275.96 

73»3-84 

85.077 
85.299 
85.520 

76.213 

76.435 
76.656 

nf\  R.7R 
70.0/0 

97 

97V 
97^ 

^7  74 

304.734 

305.520 
306.306 

307.090 

7389.81 
7427.96 
7474.20 

7504.52 

85.963 

86.185 
86.407 
00.025 

77.099 
77.321 

77-542 
77'7(>A 

98 

98X 

98K 

307.876 

308.662 

309.446 

310.333 

7542.96 
7581.48 
762ai3 

86.850 
87.072 

87-293 
57.515 

'  77-985 
78.207 

1  78.428 

78.650 

99 
99/< 
99>^ 
99ii^ 

31 1.0I8 

311 .802 

312.588 

3«3-374 

7697.69 

7730.00 

7775.64 
7814.76 

87-736 
87.958 
88.180 
88401 

78.871 
79.093 
79.315 
79.537 

too 
too^ 

314.159 
315-730 

7853.98 
7932.72 

88.623 
89.066 

lOI 

317-301 
31&872 

8011.85 
8091.36 

89.509 
89.952 
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Oiciin- 
fiercBoe. 

Am. 



Side  of 

t!.qtBi  Stquare 
(Square  Root 
of  Area  I. 

Dbneter. 

CirGunh' 
ferenos. 

Aim 

Side  of  1 

£qual  Stiuarc! 
{Square  Root 
of  Area  .  . 

lOS 

320442 
322^14 

0    —  0 

8171.28 
82SI.60; 

90-39S 
9^838 

112  I 
112^  1 

351.858  1 
353430  1 

9852.03; 
9940.20 

99.258 
99.701 

 1 

103  1 

103X 

1  323.5S4 
1  325- « 54 

8332.29 ! 
841 3-40  j 

1  91.282 
91.725 

1 

H3  i 
ii3>^ 

355.000 
356.570 

10028.75] 
10117.68  i 

1  100.144 
100.587 

104 

104H  1 

1          ✓  y 

1  326.726 
t  328.296 

8494.87  ' 
8576.76  j 

92.  168 
92.611 

1 

114 

358.142 
359.712 

— H 

10207.03 

10296.76 

101.031 
101.474 

1 

105  1 

329.867 

33>.438 

1.    , . 

8659.01 
8741.68 

93^4 

93497 

1 

M5>^  ! 

361.283 
362.854 

10386.89 

1 047740  I 

101.917 
102.360 

106 

333-009 
334.580 

8824.731 
890&20I 

93.940 
94.383 

116  J 

364.425 
365.996 

10568.32 
10659^64 

102.803  i 
103.247  ( 

107  i 

1  33^J-«5o 
337.722 

8992.02 
9076.24 

i  94.826 
95.269 

117  1 
ii7>^  j 

367.5^)6 
369.138 

10751.32 
10843.40 

103.690  ( 
104.133 

108 

339-292 
34a862 

9160.88 
924S.92 

95713 
96.156 

1 18  i 
118K 

370.708 
372.278 

10935.88 
1 1028.76 

 7-1 

104.576 

105.019 

109 

342.434 

9331-32 

96.599 
97.042 

119 
ii9>^ 

373.849 

375430 

1II22X>2 
11215.68 

105.463  j 
105.906 

1 10 

347.146 

O^O^  12 
9589.92  1 

Q7  J.8n 

97.928 

1 20 

^76.001 

I  1  ?OQ.7  \ 

1 

106.  ^no 

III  * 
1  1 1 1  ■ ; 

1 

I  

!  348.717 

350.288 

9676.89  1 
9764.28  1 

9^-37 « 
98.81 5 
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TABLE  Na  v.— LENGTHS  OF  CIRCULAR  ARCS  FROM 
I*"  TO  280^    GIVEN,  THE  DEGREES. 
(Radius  » lO 


Lenglk. 

!  ! 

j  Degrees.  |  Lenfth. 

I 

•0175  1 

40 

.6981 

2 

.0349 

41 

•  7156 

•  3 

•0524 

42 

#  JO 

4 

.0698 

5 

.0873 

AA 

.7670  1 

'117  ' 

6 

.1047 

4S 

•7S54 

7 

.1222 

46 

.8028 

8 

•1396 

47 

.8203 

9 

48 

•8377 

10 

•1745 

49 

•8552 

1 

II 

.1020 

.8727  1 

12 

.2094 

SI 

.8001  ; 

13 

.2269 

'  52 

.9076 

•2443 

53 

.92150  i 

IS 

.2618 

16 

•2793 

:  55 

•9599 

17 

.2967 

56 

.Q774 

18 

.3142 

57 

.3316 

5** 

20 

en 

59 

•3491 

21 

•3665 

60 

J.O472 

22 

.3840 

61 

1.0647 

23 

.4014 

62 

1.082 1 

34 

.4189 

63 

1.0996 

25 

•4363 

64 

I.I  170 

26 

.4538 

65 

^•i345 

27 

.4712 

66 

1.1519 

28 

.4887 

67 

1. 1694 

29 

.5061 

68 

1. 1868 

•5236  j 

69 

1.2043 

30 

31 

•5411  ! 

70 

1. 2217 

32 

.5585  1 

71 

1.2392  1 

33 

•5760  1 

72 

1.2566  1 

34 

•5934  1 

73 

1. 2741  1 

35 

.6109  1 

74 

1-2915  1 

36 

.6283  1 

75 

1.3090 

37 

.6458  ' 

76 

1.3365 

3« 

.6632  1 

77 

1-3439 

39 

.6S07 

78 

1. 3614 

Dfgwti. 

1f«ngih. 

Ocgne*. 

70 

1.3788 

117 

2.0420 

80 

1.3963 

1x8 

2.0595 

81 

I.4137 

82 

1. 4312 

120 

2.0944 

83 

1.4486 

{  121 

2.1 1 18 

84 

1,4661 

t  122 

2.1293 

85 

i^4835 

i  123 

2.1468 

86 

1. 5010 

i  124 

2.1642 

87 

1.5184 

125 

2.1817 

88 

1-5359 

1  126 

2.1991 

89 

1-5533 

127 

128 

2.2l66 

1.5708 

2. 2  ^40 

90 

120 

91 

1.5882 

92 

1.6057 

130 

2.2689 

93 

1.6232 

131 

2.2864 

94 

1.6406 

132 

a.3038 

95 

I.658I 

133 

2.3213 

96 

'•6755 

134 

2.3387 

97 

1.6930 

135 

2.3562 

98 

1. 7104 

,  136 

2.3736 

99 

1.7279 

'  137 
j  138 

2.3911 
2.4086 

100 

1-7453 

139 

2.4260 

lOI 

1.7628 

102 

1.7802 

140 

^•4435 

103 

1-7977 

141 

2.4609 

104 

1.8151 

142 

2.4784 

105 

1.8326 

143 

2.4958 

106 

1.8500 

144 

2.5U3 

107 

I.867S 

145 

2.5307 

108 

1.8850 

146 

2.5482 

109 

1.9024 

147 
148 

2.5656 
2.5831 

no 

1. 9199 

1  149 

2.6005 

III 

1-9373 

112 

1.9548 

2.6180 

"3 

1.9722 

151 

2.6354 

114 

1.9897 

152 

2.6529 

115 

2.0071 

153 

2.6704 

116 

2.0246 

154 

2.6^78 

uiyiu^uu  Ly  Google 
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Degrees. 

Length.  ' 

'  Degrees. 

Length. 

Degrees. 

Length. 

f  „ 
Degrees. 

Length. 

2-7053 

lOI 

2.0IOO 

105 

2.9321 

174 

"  — 

30369 

2.7227 

I03 

2.8274 

169 

2.9496 

3-0543 

157 

2.7403 

163 

2.8440 

176 

3.0718 

158 

a.7S76 

164 

2.8623 

Z7O 

8.9670 

177 

159 

a.7751 

165 

2.8798 

171 

2.9845 

178 

3.1067 

166 

2.8972 

172 

3.0020 

179 

3124I 

z6o 

2.7925 

167 

2.9147 

173 

3.0194 

180 

3.I416  j 
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TABLE  Na  VI.— LENGTHS  OF  CIRCULAR  ARCS,  UP  TO  A 
SEMICIRCLE.    GIVEN,  THE  HEIGHT. 

(Chords  I.) 


Lengdi. 

Hciijbt. 

LengdL 

Height. 

Lctiglh. 

Height 

Leqgth. 

.100 

1.02646 

.140 

1.05147 

.180 

1.08428 

.390 

1.18444 

.  101 

1.02698 

.141 

1.05220 

.181 

1.08519 

.221 

1.J2554 

.  102 

1.02752 

.142 

1.05293 

.182 

1. 086  I  I 

.222 

1 .  1 2664 

.103 

1.02806 

.143 

1-05367 

.'83 

1.08704 

.223 

1. 12774 

1  •  104 

1.02860 

.144 

1. 05441 

.184 

1.08797 

.224 

1. 12885 

.io5 

1.02914 

.145 

1.05516 

.'85 

1.08890 

.225 

1. 1 2997 

.106 

1.02970 

.146 

'•05591 

.186 

1.08984 

.226 

1.13108 

.107 

1.03026 

.147 

1.05667 

.187 

1.09079 

.227 

1.13219 

.ICS 

X.O5082 

.148 

'•05743 

.188 

1.09174 

.228 

I- 1333 1 

•  I09 

I.O3139 

.149 

I.050I9 

.i»9 

1.09209 

•229 

1. 1 3444 

.110 

I.O3196 

150 

1.05896 

X.O9365 

.ajo 

I.I3557 

.Xtl 

1.03*54 

.151 

1.05973 

.191  ^ 

1.09461 

.831 

1.13671 

.1  12 

1.0,3312 

•'52 

1.0605 1 

.192 

'•09557 

.232 

'•13785 

•153 

1.06130 

•'93 

1.09654 

•233 

1. 13900 

.114 

1.03430 

•154 

1.06209 

.194 

1.09752 

•234 

1.14015 

"5  , 

1.03490 

•'55 

1.06281^  , 

•'95 

1.09850 

•235 

1.14131 

.116 

103551 

.156 

1.06568 

.196 

1.09949 

.236 

1. 14247 

.117 

1.03611 

.157 

1.06449 

.197 

J.  10048 

•237 

1.14363 

•llo 

1.03672 

.158 

1.06530 

_  ft 
.198 

1.10147 

.238 

1.1440O 

'•03734 

•'59 

I.OOOIl 

.199 

X.  10247 

X.  14597 

1.03797 

.z6o 

1.06693 

MO 

1.10347 

.340 

1.14714 

.lax 

1.03860 

.161 

1.06775 

.201 

1.10447 

.241 

x.i4<3> 

.122 

T.03923 

.162 

1.06858 

.202 

1.10548 

.242 

I.I495' 

.123 

1.03987 

.163 

1. 0694 1 

.203 

1. 10650 

•  243 

1.15070 

.124 

1.04051 

.164 

1.07025 

.204 

1.10752 

.244 

1.15189 

1. 041 16 

.165 

1. 07109 

.205 

1.10855 

.245 

1. 1 5308 

.126 

1.04181 

.166 

1. 07194 

.206 

1.10958 

.246 

1. 1 5428 

.127 

1.04247 

.167 

1.07279 

.207 

x.iio6a 

.247 

'•"5549 

.128 

.168 

i.vit6c 

X.O4380 

.169 

IO745I 

.309 

X.XI269 

.349 

i.«579i 

1.04447 

.170 

I-07537 

.210 

'•"374 

.250 

1.15912 

1.045 1 5 

.171 

1.07624 

.811 

1.11479 

.851 

1.16034 

.133 

1.04584 

.172 

1.077x1 

.813 

I.I  1584 

•252 

1.16156 

1.04652 

.173 

1.07799 

.213 

1. 1 1690  1 

•  253 

1. 16279 

.134 

1.04722 

.174 

1.07888 

.214 

i.i  F796 

.254 

1. 16402 

-135 

1.04792 

•'75 

1.07977 

.215 

1. 1 1904 

•255 

1. 16526 

.136 

1.04S62 

.176 

1.08066 

.216 

1.12011 

.256 

1.16650 

1.04932 

.177 

1.08156 

.217 

1.12118 

.257 

1. 16774 

.138 

1.05003 

.178 

1.08046 

.218 

1.12225 

.258 

1.16899 

•'39 

10507s 

.179, 

1.08337  1 

.8I9 

1.18334 

.a59 

1.17084 

T 
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M  ■ ;  _|, , 

I.I  7150 

9n  T 
•  ZU 1 

I.I  7270 

17403 

.203 

1. 1  7530 

.264 

I.  z  765  7 

.265 

1.17784 

.266 

1.17912 

.267 

1. 18040 

.268 

1.18169 

.269 

1. 18299 

.270 

T  T  8/1  9n 

.271 

T  f    e  e  n 

272 

1.  lOUOQ 

A*  &  wO«U 

•374 

1. 1 80  CI 

•275 

1,19082 

.276 

1.10214 

.277 

1. 19346 

.278 

1. 19479 

.279 

1. 1961 2 

.201 

T  Tn88o 

•  20Z 

T  9  rtr>  I  A 

A.  *  WV<'  1 

Q  _ 
.203 

1*30149 

.284 

1.30284 

.285 

I.304I9 

.286 

1-20555 

.287 

1. 20691 

.288 

1.20827 

.289 

1.20964 

200 

T. 21210 

202 

T  2  I    7  7 

I  2  I  ?  I  C 

.294 

✓  • 

I. 21654 

.295 

I. 21794 

.296 

1.21933 

.297 

1.33073 

.398 

X.322I3 

.399 

i.»«354 

1  22/inC 

.301 

1.22636 

.302 

1.22778 

•303 

1.22920 

•304 

1.23063 

•305 

1.23206 

.306 

123349 

1  IUiBltt.|  Lofili. 

•307 

I    t  '7  Af\9 

.300 

'•23030 

•309 

I.2378I 

.310 

1.23926 

•3" 

1.24070 

.313 

I.843I6 

1.34361 

^  T  A 

1.24507 

•315 

1.24654 

.310 

I.24<'Ol 

•3'7 

1.24948 

.318 

1-25095 

•3'9 

1.25243 

.320 

1-25391 

.321 

1-25540 

.322 

1.25689 

•323 

1.25838 

.324 

1.25900 

•325 

1 .20 1 3" 

.320 

1  •  ^  u  ^00 

■7  'J  *7 

1  -327 

I  .^U437 

■  '320 

1.2USOO 

•329 

I.ZO74O 

•330 

1.26892 

•331 

1.27044 

•332 

1. 27196 

•333 

1.37349 

•334 

1.37502 

^ 

•335 

1.27050 

•336 

1.27010 

•337 

I  ^  *  f  OKfi^ 

•330 

I  2^1 rX 

•339 

T     4  K  4 
1.20273 

•340 

1.28428 

.341 

1.28583 

.342 

1.28739 

•343 

1.20095 

t  A  A 

•344 

1.29053 

•345 

X  .  ^  W  «  ^7 

•34" 

•  0*T  / 

.348 

1. 2968 1 

•349 

1.29839 

350 

1.29997 

•351 

1.30156 

•352 

1-30315 

•353 

,  1-30474 

If  1  1 , 

1.10614 

-355 

1.30794 

•356 

1-30954 

•357 

i.3>»^5 

.35^ 

1.31376 

•359 

1.31437 

*'3*5V9 

16 1 

I  1 1 761 

•3"* 

•3"3 

T    7  7rt8^ 

•364 

1.32249 

•365 

1-32413 

.366 

1-32577 

.367 

I.3374I 

.368 

1.32905 

.369 

1.33069 

•37 ' 

**333V9 

•372 

T   7  7  e  /I 

^•335"4 

•0  /  J 

I  1 17 10 

.  174 

1.11806 

•375 

1.34063 

•376 

1.34229 

•377 

1.34396 

.378 

1-34563 

•379 

'•3473i 

.480 

*'«i4*'yy 

.301 

T  4eo68 

.30Z 

I   7  C  9  7  ^ 

'•35237 

•303 

'•354"" 

.184 

•385 

135744 

.386 

I359I4 

•387 

1.36084 

.388 

1.36354 

.389 

1.36425 

T.  96769 

.9Q2 

••o^'yoy 

101 

I  1  7  T  1 1 

•394 

1.17283 

•395 

1.37455 

-396 

1.37628 

-397 

1. 37801 

-398 

1-37974 

•399 

1.38148 

.400 

1.38322 

f  ,„  nil 

*.3°49" 

1.3007  I 

A01 

I  18846 

.404 

1*39031 

.405 

I.39I96 

.406 

139372 

.407 

1.30548 

.408 

139724 

•409 

1.39900 

A  TO 

1.40077 

I  402C4 

T  40/1  7  7 
*^4'-'43'* 

T  7 

-4*3 

T   ^rv^  T  rt 
A  .            X  U 

.414 

1.40788 

•415 

1.40966 

.416 

I.4I  145 

.417 

I.4I324 

.418 

I-4I5O3 

.419 

I. 41682 

A  .^X VVX 

1. 42041 

A  9  9 

I   A  9  9  91 
X  >«f  ^  ^  ^  1 

.4.2  1 

I.42402 

.424 

i.42(;8i 

.425 

1.42764 

.436 

1.42945 

.427 

i.43"7 

.438 

1-43309 

.429 

I-4349I 

Alts 

T  4767  •» 

4  7  1 

•43* 

A  t  f 

•43* 

T  /I  4<">  7n 

*-44"39 

417* 

I  442  2  2 

.4*^4 

1. 4440c 

•435 

1.44589 

•436 

1-44773 

•437 

'•44957 

•438 

1-45143 

•439 

1.45337 

AAt\ 

•44" 

T  AKtt  9 

'•455*3 

A  At 

■44* 

I   A  C^f\t 

'•45"97 

442 
•44^ 

•  •4'5"*'«J 

.443 

1.46069 

.444 

1-46255 

.445 

1. 4644 1 

.446 

1.46628 

.447 

I.46815 
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.448 

1.47002 

•449 

1.47 1 89 

•450 

1.47377 

•451 

1.475^5 

•452 

1.47753 

•453 

1.47942 

A  CA 

T  A^l 11 

•455 

1.48320 

•456 

1.48509 

•457 

1.48699 

.458 

1.48889 

.459 

1.49079 

.460 

1.49269 

Htiik. 

Lngkh. 

.461 

1.49460 

.462 

1.49651 

•463 

1.49842 

.404 

'.50033 

I.  ^0224. 

.466 

1.^0416 

.467 

i.i;o6o8 

.468 

1. 0800 

J  www 

.460 

I.COQQ2 

470 

1.5x185 

.471 

1.51378 

.472 

1.51571 

•473 

I.5I764 

.474 

1.51958 

.475 

1.52152 

.476 

1-52346 

.477 

1-52541 

.478 

1.52736 

•479 

1.52931 

.480 

.481 

I.c;'^';22 

.482 

i.';^!;i8 

483 

1*53714 

.484 

I.539IO 

•485 

1. 54106 

.486 

1.54302 

.487 

1-54499 

.488 

1.54696 

Height. 

.489 

1.54893 

.490 

I.55O9I 

.491 

^•55289 

.492 

1-55487 

•493 

155685 

.494 

155854 

.495 

_  ^  ^  0 
1.56083 

.496 

1.56282 

.497 

1. 56481 

.498 

1. 56681 

•499 

1. 56881 

.500 

1.57080 

I 
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liiATUfillATlCAL  TABL£S. 


TABLE  Na  VII.— AREAS  OF  CIRCULAR  SEGMENTS,  UP  TO  A 

SEMICIRCLE. 

(Diameter  of  Circle  =  i.) 


Aim.  1 

Height. 

Aim. 

.001 

.00004  ' 

.040 

.0  io«;4 

.002 

.00012 

.041 

.oiog"? 

.001 

.00022 

.042 

.01  111 

.0004.7 

.044 

.01214 

.006 

.00062 

.007 

.00078 

.046 

.01207 

.008 

.oooQt; 

.047 

.01 ^40 

.009 

.048 

.01382 

.ozo 

.049 

.01425 

.00133 

.011 

.001 

.050 

.01468 

• 

.012 

.001 7C 

.oq  1 

.01  i;i2 

.013 

.00197 

.0£;2 

.01  (;s6 

.014 

.00220 

.01601 

.015 

.00244 

.OKA. 

.01646 

.016 

.00268 

■OSS 

.01601 

.017 

r 

.00204 

.oi;6 

.01717 

.018 

.00320 

•OS7 

.01783 

.010 

.00347 

.058 

.01830 

.oao 

•059 

.01077 

.021 

.0040^ 

.060 

.01924 

.022 

.00432 

.06 1 

.01072 

.023 

.00461 

.062 

.02020 

.024 

.00402 

.06-? 

.02068 

.025 

.00523 

.064 

.021 17 

.026 

•0055s 

.065 

.02  166 

.027 

.00^87 

.066 

.0221 K 

.028 

.00619 

.067 

.02265 

.029 

.00653 

.068 

.02315 

.00687 

.069 

.02366 

.030 

.031 

.00721 

.070 

.02417 

.032 

.00756 

.071 

.02468 

•033 

.00792 

.072 

.02520 

.034 

.00828 

•073 

.02571 

•035 

.00864 

.074 

.02624 

.036 

.00901 

•075 

.02676 

•037 

.00939 

.076 

.02729 

.038 

.00977 

.077 

.02782 

.039 

.01015 

.078 

.02836 

Ana. 

Mam. 

.079 

.02889 

.118 

.05209 

.080 

.119 

.05274 

.081 

020Q7 

.120 

.082 

.12  1 

.0^404 

.08-1 

.03 108 

.122 

.0^460 

.084 

0 1 1 6 1 

•  O^  ? 1? 

08  Q 

.O(k6oo 

086 

0127C 

.o<666 

087 

Oltl  I 

.126 

.088 

.09%8c 
•"Wj 

.127 

.01700 

•^j / yy 

.089 

.03444 

.128 

.05866 

000 

.129 

•05933 

01  c  18 

.06000 

.OQ2 

.01616 

.I'll 

0 

.06067 

.oot 

.0'?674, 

.  I  12 

.061 11; 

.094 

•133 

.06201 

•  OQ^ 

.0^700 

1  -1^4 

.0627 1 

.096 

.oi8co 

•  'OD 

.0611Q 

.01QOG 

.116 

.o6ao? 

.008 

.01068 

•*«»/ 

.06476 

.099 

.04028 

.138 

•06545 

.100 

.04087 

.139 

.06614 

.101 

.od.1  J.8 

.140 

.06681 

.102 

.04208 

.067 

.04260 

.142 

.06822 

.104. 

.141 

.06892 

.144 

.06061 

.106 

.04452 

.145 

•07033 

.107 

.04514 

.146 

.07 103 

.108 

.04576 

.147 

.07174 

.109 

.04638 

.148 

.07245 

.110 

.04701 

.149 

•07316 

.III 

.04763 

•150 

•07387 

.112 

.04826 

•151 

•07459 

.113 

.04889 

.152 

•07530 

.114 

•04953 

•153 

.07603 

.115 

.05016 

•«54 

.07675 

.116 

.05080 

•155 

•07747 

.117 

•05145 

.156 

.07819 
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Hdfhi. 

1  1 
1 

•157 

.07892  ! 

.158 

.07965 

•159 

.08038 

.160 

.08111  j 

.161 

.08185 

.162 

.08258 

.163 

.08332 

.164 

.08406 

.165 

.08480 

.166 

.08554 

.167 

.08629 

.168 

.08704 

.169 

.08778 

.170 

.08854 

.171 

.08929 

.172 

.09004 

•173 

.09080  I 

.174 

•09^55  1 

•175 

.09231 

.176 

.09307 

.177 

•09383  j 

.178 

.09460  ! 

.179 

.09537 

.z8o 

.09613 

.181 

,09690  1 

.182 

.09767 

.183 

.09845 

.184 

.09922  ' 

.185 

.09999 

.186 

.10077 

.187 

.10153 

.188 

.10233 

.189 

.10317 

.igo 

.10390 

.191 

.10469 

.192 

.10547  ; 

•193 

.10626  1 

•  194 

.10705  ' 

•195 

.10784  1 

.196 

.10864  ' 

.197 

.10943 

.198 

.11023 

.199 

.11102 

.aoo 

.11182 

.201 

.11262 

.208 

.11343 

.203 

.11423 

I  r  coA 

.205 

.11584 

.206 

.11665 

.207 

.11746 

.208 

.11827 

.209 

.11908 

.azo 

.11990 

.211 

.12071 

.912 

.12153 

.213 

.13235 

9  t  it 

T  9  ^  T  T 

.  12  ^QQ 

.216 

.12481 

.217 

•12563 

.218 

.12646 

.219 

.12729 

.220 

.  I28I I 

.221 

.12894 

.222 

.12977 

.223 

.13060 

.334 

.13144 

.225 

.13227 

.226 

13311 

.227 

13395 

.228 

•13478 

.229 

.1^562 

.230 

.13646 

.231 

•13731 

.232 

•13815 

.233 

.13899 

.14060 

.236 

.I4IC4 

•237 

•14239 

.238 

.14^24 

.239 

.14409 

.240 

.14494 

.14580 

.242 

.14665 

•  243 

•14752 

.244 

•14837 

.245 

•14923 

.246 

.15009 

.247 

.15096 

.248 

.15182 

249 
350 

251 

252 

253 
254 
255 

256 

257 
258 

259 

260 

261 
262 
263 
264 
265 
266 
267 
268 
269 

270 
271 
272 

273 
274 

275 
276 

277 
278 

279 

280 
281 
282 

283 
284 

285 
286 
287 
288 
289 

290 

291 
292 

293 
294 


5a68 

5355 

5442 
5528 

5615 
5702 

5789 
5»76 

5964 

6051 

6139 

6226 

6314 

6402 

6490 

6578 
6666 

6755 
6843 

6932 

7020 

7109 
7198 

7287 

7376 
7465 
7554 
7644 

7733 
7823 
7912 

8002 
8092 
8182 

8272 

8362 

8452 
8542 

8633 

8723 
8814 

8905 
8996 
9086 
9177 
9268 


H«|ht 



•295 

.19360 

.296 

•19451 

.297 

•19543 

.298 

.19634 

.299 

.19725 

.300 

.10817 

.-loi' 

si 

.19908 

.^02 

.20000 

•303 

.20092 

.304 

.20184 

.305 

.20276 

.306 

.20368 

.307 

.20460 

 0 

•308 

•20553 

•309 

.20645 

.310 

.207  ^8 

.20870 

,2092-? 

•313 

.21015 

ft/ 

.314 

.21108 

•315 

.21201 

.316 

.21294 

•317 

.21387 

.318 

.  2  1 450 

•319 

.21573 

■320 

.21667 

.-121 

.21760 

."122 

xJ 

•21853 

•323 

.21947 

•324 

.22040 

•325 

.22134 

.326 

.22228 

.327 

.22322 

.328 

.22415 

•329 

.22509 

.330 

.22603 

•331 

.22697 

.^32 

.22792 

•333 

.22886 

•334 

.22980 

•335 

kJ  \J  %J 

.23074 

•336 

.23169 

•337 

.23263 

.338 

•23358 

•339 

.23453 

•340 

.23547 
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MATHEMATICAL  TABLES. 


Height. 

Am. 

.341 

.23642 

.342 

•23737 

.343 

.23832 

.344 

.23927 

•345 

.34035 

.346 

.24117 

•347 

.24212 

.348 

•24307 

•349 

.24403 

.350 

.24498 

•351 

.24593 

•352 

.24689 

•353 

.24784 

•354 

.24880 

ICC 

•355 

•^4y/" 

•356 

.25071 

•357 

.25167 

.358 

.25263 

•359 

•25359 

.360 

•2545s 

.361 

•2555« 

.362 

25^47 

.363 

•25743 

.364 

•25839 

2  C076 

.366 

.26032 

•367 

.26128 

.368 

.26225 

.369 

.26321 

.370 

.26418 

.•171 

.26«;  14 

•372 

.2661 1 

•373 

.26708 

•374 

.26805 

.375 

.26901 

•376 

.26908 

•377 

.27095 

•378 

.27192 

•379 

.2*72^ 

.380 

.27386 

.381 

•27483 

.382 

.27580 

.303 

»«y  vyo 

•384 

•27775 

.385 

.27872 

.386 

.27969 

.387 

.28070 

.388 

.28164 

.389 

.28262 

.390 

•28359 

•391 

.28457 

.392 

.28554 

2865:2 

•394 

.28750 

•395 

.28848 

•39^ 

.28945 

•397 

.29043 

•398 

.29141 

•399 

.29239 

.400 

•29337 

.401 

•a9435 

.402 

•a9533 

•403 

.29631 

.404 

.29729 

•405 

.29827 

.406 

.29926 

.407 

.30024 

.408 

.30x22 

•409 

.30220 

.410 

.30319 

Am. 

.411 

•304*7 

.4  12 

.305*0 

ATI 
•4*0 

106  I A 

•414 

.3071a 

■415 

.30811 

.416 

.30910 

.417 

.31008 

.418 

.31107 

.419 

.31205 

•3*304 

AO  1 

•4*  * 

0  t  AC\1 
.3*403 

All 

./L2X 
•^*o 

.3  I 600 

•424 

.31699 

.425 

•31798 

.426 

.31397 

.427 

.31996 

.428 

•32095 

•429 

.32194 

.32293 

jf  9  T 

•43* 

.32392 

.432 

.32491 

•433 

^  9  coo 

.434 

.32689 

•435 

.32788 

•436 

.32887 

.437 

.32987 

.438 

.33086 

•439 

•33185 

AA€\ 

•*t*t'^ 

.441 

•33384 

.442 

•33483 

.443 

•33582 

•444 

.33682 

•445 

•33781 

.446 

.33880 

•447 

•33980 

•448 

•34079 

•449 

•34179 

.ACQ 
•40" 

.  tA.278 

j|  C  T 

•45* 

•3437*' 

A  C  1 
•453 

•34577 

ACt 
•455 

•34770 

•457 

•34975 

•459 

•35174 

.462 

•35474 

•464 

•35673 

.466 

•35873 

.468 

.36072 

.4/u 

•47* 

•3"37* 

>l  T  1 

•473 

•3057* 

>l  T  C 

•475 

•3077* 

•477 

■36971 

•479 

•37170 

A 

.482 

.37470 

•484 

•37670 

.486 

•37870 

0  0 

.488 

.38070 

•4y" 

.30270 

•4!f  * 

^Ji?  TO 

•4y* 

^Xvl  To 

•3*'47° 

•T-VH- 

^8670 
•  0'-"-'  / 

•4yD 

-0^1  / 

.496 

.38870 

•497 

.38970 

•498 

.39070 

•499 

•39170 

.500 

.39270 
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TABLE  No.  VIII.— SINES,  COSINES,  TANGENTS,  COTANGENTS, 

SECANTS,  AND  COSECANTS  OF  ANGLES  FROM  0°  to  90°. 

Advancing  by  icf  or  one-sixth  of  a  degree.  (Radius 


j 

Angle. 

Sine. 

Cosecant. 

Tangent 

Cotangent, 

Secant. 

Cosine. 

o*  0 

.000000 

Innnite. 

.000000 

Innnite. 

I.OOOOO 

I.OOOOOO 

yy  0 

TA 

AA4AAA 

343*7  75*" 

ftft  1  ftftft 

343*7737  * 

Y  AAAAA 
A.  WWW 

AAAAA A 

;99999" 

CA 

«w 

•       so  X  0 

A  y  A. 900^  A 

ooc8i8 

X  /  x.00^4^ 

A.^MAA#« 

AAAft8l 

40 

30 

TT>I  rftlOT 

*  »4-593o* 

ftft5\     1  ^ 
.  \J\JO  I  z  j 

T  T/i  c886c 
1 14.50005 

T  ftftftft.l 

.999902 

1ft 
30 

40 

.01 1035 

°5*945"09 

05-93979* 

i  .0000  y 

•999932 

1ft 
20 

CO 

ft  T  yi  C  >l  >f 

ew  AC  A  C 

Aft  7CftQ87 

VO.  /5  / 

I  ftftft  I  1 
X  .www  X  X 

ftftft8ft  A 

•999094 

ift 

X  w 

I  0 

.017452 

r>  z'  0  0 

57.298688 

•01745s 

57.289962 

I. 00015 

.999848 

09  0 

1  ft 

ft  1ft  1  ft  T 

ylft    T  T  /Iftfil 

ft  1ft  1  c 

y|  A  T  ft  1 88  f 

4v. '  03*^^  * 

1  •  \JyJ\J  A  i 

ftftft  7  ft  1 

•999793 

rft 
50 

Z  (J 

.023209 

42-9757  *3 

ft  1  1  0  .7  c 

.023275 

yl1  ft/^/4ft77 
42.904077 

T    /^^/^  0  ^ 

1  .  \JL/VJ  Z  1 

.999729 

40 

30 

.02U 1/7 

30.201 550 

•020 I ou 

30. 1 00459 

1.00034 

■999057 

30 

A  ft 
40 

ft  1  ftftX  C 

34.302310 

ft  1  ftft  ft  7 

1  /(    1^7  7  7  1 
34-30777  ' 

1 .00042 

•999577 

1ft 
20 

CTft 

ft  1  T  ft/\  1 

.03 1992 

IT   0  C 1  C 1 1 

ft  1 1ftftft 
.03  *OOU 

IT  14TC77 

V  AAAC  T 

.999400 

T  ft 
1  0 

a  0 

.034899 

28.653708 

.034921 

28.636253 

1.0006  I 

•999391 

80  0 

¥ft 

ft  1  T  nf\f\ 
•  V/j  f  OyJyJ 

ifi  ICftCTft 
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X.X3789 

.8788x7 

to 

AO 

.J,707 1 1 

2.084C702 

.^46728 

1.8290628 

X.X3Q70 

.87742  c 

20 

.48226t 

2.0725556 

.5505x5 

X.8164892 

X.X4X52 

.876026 

xo 

29  0 

.484810 

2.0626653 

•554309 

1.8040478 

I-I4335 

87^620 

61  0 

10 

0  ^  — 

•487352 

2.05  I  906  I 

.5581x8 

1. 7917362 

1.14521 

87  7  206 

CO 

20 

.d,8o8oo 

2.04127^7 

J**  707 

^'  1  1  70  J  ^ 

X.  14707 

.8? I 78a 

AO 

to 

2.0t07720 

.^6«;77t 
J  J  #10 

1.7674040 

1.X4896 

8701C6 

/^O j" 

10 

ACt 

3.020  "^020 

.i;6o6io 

X.7C55500 

1. 15085 

J  J 

868020 

20 

.407470 

2.010X362 

•C7t478 

1.7437453 

X. 15277 

.867476 

xo 

30  0 

.500000 

2.0000000 

•577350 

1.7320508 

1. 15470 

86602 e 

60  0 

10 

.502517 

1.9099022 

•581235 

1.7204736 

1. 15665 

864C67 

•  CO 

20 

.  cocoto 

1.98008 10 

.<;8(;i'i4 
J  J  0^ 

I.7OQOI  16 
/  7 

I.I5861 

861 102 

AO 

to 

1,0702044. 

.s8oo4(; 

•J^y^^j 

1.60766-11 
VI  0 

I.l6o^Q 

J  7 

861620 

20 

.CI004.^ 

1.9606206 

J  7      f  1 

1. 6864261 

J  7 

860 I AO 

20 

1.0^10^77 

.^06008 

1.6752988 

1. 16460 

.858662 

10 

3Z  0 

•515038 

1. 94 1 6040 

.600861 

1.6642795 

X.I6663 

.8C7l67 

CO  0 
Dy  " 

10 

.5175*9 

i.93«»578 

.004827 

1.6533663 

I.XOoOo 

.8er66i; 

•"oO*'"j 

CO 

20 

.<200l6 

I.02tOI7t 

.608807 

1.642  <%(;76 
~  J  J  # 

1.1707s 
1   » J 

•"jT^*  j" 

AO 

to 

i.qr  -iSSoo 

.61 2801 

i.6ii8i;i7 
0    J  » 

1.1728^ 

8  c  2640 

10 

40 

1.0048460 

.616809 

1. 621 2460 
•  7 

1.1740^ 

8c I  I  I  7 

20 

.620832 

1.6107417 

1. 17704 

.849586 

10 

33  0 

.529919 

1.8870799 

.624869 

1.6003345 

X.X7918 

.848048 

<8  0 

10 

.532384 

I- 8  78-343* 

.02092 X 

X. 5900238 

I.I0133 

8A6<ot 

CO 

20 

.^14844 

1.8607040 

.632088 

07 

i.«:7q8o7o 

1. 18350 

AO 

"lO 
0^ 

•JO/  >J 

1. 86 1 1  coo 

.6^7070 

0  /     /  7 

i.s6q68s6 
J  7  J 

1. 18569 

84 1 10 1 
•"'tooV* 

10 
0^ 

.  C107  «\  I 
•  J  J  V  /  J  * 

i.8«;2707^ 

.641 167 

i.S'596«;«;2 
J  J  7  J  J 

1. 18700 

8dl82C 

20 

KO 

•  j^r*  "y  / 

1.8441476 

.645280 

1*5497155 

1.10012 

.840251 

10 

33  0 

.544639 

1.8360785 

.649408 

1.5398650 

I.X9236 

.838671 

57  0 

10 

.547076 

1.0270955 

•653531 

1.530X025 

1. 19463 

.837083 

50 

20 

•549509 

1. 8198065 

.657710 

I. 5204261 

I.I969I 

.835488 

40 

•55  *937 

T  8t  I  So IQ 

661886 

I  C  1 08 1 C  2 

1. 19920 

.833886 

30 

40 

•554360 

1.8038809 

.666077 

I. 5013282 

1. 20152 

.832277 

20 

•556779 

1.7960449 

.670285 

1. 49 1 9039 

1.20386 

.830661 

10 

Codm, 
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Angle. 

Sim. 

COMGML 

Tai^CBt. 

34  o 

559*93 

_  0  0  y 

1.7882916- 

.674509 

I.48250IO 

1.20622 

.829038 

56°  0  ! 

lO 

. ^67602 

1. 7806  201 

I. .4.7  'Z2Q8i 

I  2o8co 

50 

20 

.564007 

1.7730390 

.683007 

1.4641147 

1.^1099 

.8«577o 

40 

30 

.566406 

1-7655173 

.687281 

1.4550090 

1.21341 

.824126 

30 

40 

.568801 

1.7580837 

.69»573 

1.445980 1 

1.21584 

.822475 

30 

50 

•57"9i 

1.7507373 

.695881 

1.4370268 

I.2183O 

.820817 

10 

35  0 

•573576 

1.7434468 

.700208 

1.428 1 480 

1.22077 

.819152 

55  0 

10 

.  C7eoe7 

I.AIOTA29 

8i7ift8o 

CO 

20 

•57833* 

I.729IO96 

.708913 

1.4106098 

1.22579 

.815801 

40 

30 

.580703 

1.7220508 

.713293 

1.4019483 

1.22833 

.814116 

30 

40 

.583069 

1. 7 1 50639 

.717691 

^  30335 7 1 

1.23089 

.812423 

20 

•5^54*9 

1.7081478 

.722108 

1.3848355 

1-23347 

.810723 

JO 

30  0 

•5«7W 

1.7013016 

•7*6543 

1.3763810 

1.23607 

.809017 

54  0 

10 

.<;qoi^6 

i.6q.i(;2aj. 

.  7 10006 

i.2a86o 

8a7%oA 

CO 

20 

.592482 

I.687815I 

•735469 

13596764 

I.24I34 

.805584 

40 

30 

•594823 

1.681  I  730 

.739961 

T. 3514224 

1.24400 

.803857 

30 

40 

•597159 

1.6745970 

.744472 

1-3432331 

1.24669 

.802123 

20 

so 

•599489 

1.6680864 

.749003 

1.3351075 

1.24940 

.800383 

10 

37  0 

.601015 

I.6OIO4OI 

•753554 

1.3270448 

I.252I4 

.798636 

53  0 

10 

.60J.1 16 

.71:812c 

^06882 

CA 

20 

.606451 

1.6489376 

.762716 

1.3  1 1  1046 

1.25767 

.795121 

40 

30 

.608761 

1.6426796 

.767627 

1-3032254 

1.26047 

-793353 

30 

40 

.6 1 1067 

1.6364828 

•771959 

1-2954057 

1.26330 

•791579 

20  ' 

•^^13367 

I  6303462 

.776612 

1.2876447 

1.26615 

• 

.789798 

10 

39  0 

.015001 

1.6242692 

.781280 

I.2799416 

1.36902 

.788011 

10 

.6x70'^  I 

1. 61825  10 

.781;  081 

I.27220C7 

I  27IOI 

7862  T 1 

CO 

20 

.620235 

1.61 22908 

.790698 

1.2647062 

1.27483 

.784416 

40 

30 

.622515 

1.6063879 

•795436 

1. 2571723 

1.27778 

.782608 

30 

40 

.624789 

1.60054 1 6 

.800196 

1.2496933 

1.28075 

.780794 

20 

.627057 

1.5947511 

.804080 

1.2422685 

1.28374 

•778973 

10 

39  0 

.629320 

1. 5890157 

0  0 

.809784 

1.2348972 

1.28676 

.777146 

SI  0 

10 

.6^11:78 

i.«;8^3^i8 

.8146 1 2 

I.227t;786 

1.28980 

7  7  C  7  I  2 

CO  i 

20 

•633831 

1-5777077 

.819463 

1. 220312  I 

1.29287 

.773472 

40  1 

30 

.636078 

1-5721337 

.824336 

1.2130970 

1.29597 

.771625 

30  1 

40 

.638320 

1. 566612 1 

.829234 

1.2059327 

1.29909 

.769771 

20  t 

.640557 

I.56II424 

.834155 

I.I988I84 

1.30223 

.76791 1 

10 

40  0 

.042788 

1.5557238 

.839100 

11917536 

1.30541 

.766044 

50  0 

10 

.64^01 ^ 

.8d4.o6Q 

1. 18^7^76 

1.3086  I 

76J.I  7  1 

CO 

20 

•647233 

1.5450378 

.849062 

1.1777698 

1-3 1 183 

.762292 

40 

30 

.649448 

1-5397690 

.854081 

1.1 708496 

1-31509 

.760406 

30  1 

40 

•651657 

1.5345491 

.859124 

1.1639763 

1.31837 

•758514 

20 

■653861 

1.5293773 

.864193 

11571495 

1.32168 

.756615 

10 
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1 

Angle. 

CoMctnc 

41"  0' 

1 

1  '° 
20 

30 
40 

50 

.656059 
.658252 
.660439 
.663620 
.664796 
.666966 

1. 5242531 

1-5191759 
I.5141452 

I.5091605 

1. 504221 1 

1.4993367 

.869287 
.874407 

•879553 
.884725 
.889924 

.895J51 

1.1503684 

1.1436326 
I.I3694I4 
I.  I  302944 
I. 1236909 
I.II7I3O5 

1.32501 
1.32838 

1-33177 
1-33519 
1.33864 
1.34313 

•754710 
.752798 
.750880 
.748956 
•747025 
.745088 

49''  0' 

50 
40 

30 
30 
10 

42  0 

1 

1  20 

40 
50 

.669131 
.071 289 

•673443 

•675590 
.677732 

.679868 

1.4944765 

1.4896703  i 
1.4849073 

1.4801873 
1.4708736 

.900404 
.905685 
.910994 

•916331 

.9ai697 
.937091 

I . I  I  06 1  2  5 

I.I04I365 

1.0977020 

1.0913085 

1.0849554 
1.0786433 

1.34563 
1.34917 
i3S«74 
135634 
I.3S997 
1.36363 

•743M5 
.741 195 
.739239 
.737277 
-735309 
•733335 

48  0 

50 
40 

30 
30 
10 

43  0 
10 
20 

30 
40 

.681998 

.DO4I 23 
.686242 
•688355 
.690462 
.691563 

1.4662792 
1.4617257 
1.4572127 

M5«7397 
1^4483063 

1.4439130 

•932515 
.937968 

.943451 
.948965 

•954508 
.960083 

1.0723687 

1.0661341 

10599381 
1. 0537801 
1.0476598 
1.0415767 

136733 
1-37I05 
1.37481 
1.37860 
1.38243 
1.38638 

.731354 
.729367 
.727374 
•725374 
•7^69 
.7ai357 

47  0 

50 
40 

30 
30 
10 

[♦4  0 

10 

so 

30 

40 

50 

•694658 

.090  74" 

.698833 

.700909 
.702981 
.705047 

1-4395565 

14352393 
'•4309603 

I.4367I82 

1.4225134 

1-4183454 

.965689 
.971326 
.976996 
.982697 
.988433 
.994199 

^•0355303 
1.0295203 

I.0235461 

1. 01 76074 

1.01 1 7088 

1.0058348 

1. 390 1 6 
1.39409 
1.39804 
1.40203 
1.40606 
I.41012 

.719340 
.717316 
.715286 

•713251 

.711209 

.709161 

46  0 

50 
40 

30 
30 
10 

.707107 

1^142136 

i  1.000000 

1. 0000000 

1.41421 

j. 707107 

45  0 

Aafl& 

no 
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TABLE  Na  IX.— LOGARITHMIC  SINES,  COSINES,  TANGENTSr 
AND  COTANGENTS  OF  ANGLES  FROM  o'  TO  90^ 

AOYAIiaNG  BY  l&t  OR  ONI>SIXTH  OF  A  DBORtl. 


Angle. 

Sine. 

TaqgcnL 

Cotangent. 

Co&ine. 

0.000000 

0.000000 

Infinite. 

10.000000 

90 

lO 

7'4**37*" 

7'4*>37*7 

12.530273 

9- 999990 

50 

20 

M    Mm  «  Mi  ^ 

7»704754 

7.704701 

I  2.235239 

^999993 

40 

30 

7.940642 

7.940050 

I2.059I4* 

9.999903 

30 

40 

6.005770 

0.005000 

I  1. 934194 

9.999971 

O.I0200I 

P    w  J«  M  iv  «k  M 

0.102727 

11.537273 

9.999954 

10 

z 

8.241855 

8.241921 

11.758079 

9-999934 

«9 

10 

0-300794 

0.300004 

I  I.Dyl  1 10 

A    AAA A  V  A 

9.999910 

so 

20 

0.300777 

0.300095 

1 1. 033105 

9.999002 

40 

8.41  7919 

0.4 1  0000 

I  1. 561932 

9.999851 

30 

40 

0.403005 

0.403049 

I  ^-530151 

A    A  A       U  T  r\ 

9.999 

0-505045 

0.505207 

1 1-494733 

9.999770 

10 

2 

8.542819 

8.543084 

1 1. 456916 

9-999735 

QQ 
00 

10 

o-5775^" 

0.577077 

I  1.422  123 

x%  XX  XX  fx  Sk  ^x 

9.999069 

50 

20 

O.0O9/34 

0.0 1 0094 

1 1 .309900 

A    AAAA  ^ 

9.999040 

40 

30 

O.O39O0O 

0.040093 

II-3599O7 

A  A  A  ^  P 

9.999560 

30 

40 

0*007009 

O.DOoIOO 

I  133^840 

9999529 

5^ 

fi  ^^«MMfi 

0.094529 

I  > '3^547 1 

9.999409 

10 

3 

8.718800 

8.719396 

1 1.280604 

9.999404 

87 

10 

0.742259 

1 1.257070 

9-999330 

50 

20 

O.7045'  ^ 

0.705240 

11.234754 

A  AAA/^A^ 

9.999205 

40 

30 

0-705^75 

0. 700460 

II.2I35I4 

9.999159 

30 

40 

0.005053 

fi  firk/««^« 
O.OOOy42 

V  V    V  At  0  r*  fi 

II. 193250 

A   A  AAV  *#k 

9.999IIO 

20 

R  Rae V4A 
0.035130 

R  R9ltTA4 
0.0«w  A  V3 

1 1. 1 7309  7 

9.999037 

10 

4 

«.843S*5 

0.044044 

11.155356 

9.998941 

86 

10 

8.861283 

8.862433 

".137567 

9.998851 

50 

Q  fi>Tfi'>Sr 
0.070205 

fi     fi  ^ 

0.079529 

I  I.  I  2047' 

9*990757 

40 

30 

8.894643 

8.895984 

I  I.IO4OI6 

9.998659 

30 

40 

8.910404 

8.91  1846 

I  I. 088154 

9-998558 

20 

50 

8.925609 

8.927156 

11.072844 

9.998453 

10 

5 

8.940296 

8.941952 

11.058048 

9.998344 

«5 

10 

8  954499 

8.956267 

IIO43733 

9.998232 

5°  ! 

20 

8.9O8249 

8.970133 

I  1.029867 

9.9981 16 

40 

30 

8.981573 

8.983577 

I  I. 016423 

9.997996 

30 

40 

8.994497 

8.996624 

11.003376 

9.997872 

20 

50 

9,007044 

9.009298 

10.990702 

9-997745 

10 

A>cle. 
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LOGARITHMIC  SISES,  TANG£NTS»  &C. 


Ill 


j 

1  siM. 

1 

CbHM. 

6^ 

1 

9019235 

9.02 1620 

10.978380 

9.997614 

84° 

lO 

9>o3'o^9 

9.033609 

10.900391 

9.997480 

50 

20 

9.042625 

Q.04S284 

io.qc;47i6 

yj~  1 

0.007  ^41 
y  yy  1 0*t 

AO 

30 

9.053859 

9.056659 

10.943341 

Q.QO7IOQ 
y  jy 1  yy 

to 

40 

j  9.064806 

0.067752 

10.932248 
y^  ^ 

yyy  1 

ao 

0.075480 

9.078576 

io.oai4a4 

0.006004 

10 

7 

9.085894 

9.089144 

10.910856 

9.996751 

83 

10 

9*09^0^' 

9.099400 

10.900532 

9.996594 

50 

ao 

9.105992 

9.109559 

10.890441 

y    T  ■ 

9.996433 

40 

30 
%j 

0.115698 

Q.IIQ42Q 

10.880^71 

O.Q06260 

^O 

40 

9.ia5i87 

9.ia9o87 

10.870913 

9.006100 

ao 

9.134470 

9.i38c4a 

10.861458 

9.995938 

10 

8 

9143555 

9.147803 

10.852197 

9-995753 

82 

10 

9- 15245  ^ 

9.i;j6677 

10.843123 

9-995573 

50 

ao 

9. 161 164 

9-165774 

10.834226 

9-995390 

40 

10 

0.16070a 

0.I744QQ 

io.8a<<oi 

Q.QQ(;20? 

40 

0.178072 

Q.x8tO^Q 

10.816041 

Q.0050 1  X 

ao 

9.i86a8o 

Q.iot46a 

X  0.808538 

9.094818 

10 

9 

9- '9433  2 

9199713 

10.800287 

9.994620 

81 

10 

9.202234 

9.20781  7 

10.792183 

9.994418 

50 

ao 

Q.200QQ2 

0.2 1  C 780 

10. 784a ao 

0. 0043 1  a 

40 

^0 

o.ai76oo 

Q.aat6o7 

10.77630? 

Q.004OO't 

^0 

40 

o.aacooa 

Q.atl'^02 

10.768698 

0*09^780 

ao 

o.asa444 

o.a«887a 

10.761 128 

9.993573 

10 

xo 

9.239670 

9.246319 

10.753681 

9-993351 

80 

10 

9.246775 

9.253648 

10-746352 

9.993127 

50 

ao 

9*253761 

0. 26086 1 

10.739137 

9.993898 

40 

9.a6o6tt 

0.267067 

10.733033 

9.993666 

y  yy 

30 

40 

0.267-19? 

Q.  2  74064 

10.725036 

0.902430 

20 

i  0.274040 

9.281858 

10.718142 

9.992190 
y  yy  y 

10 

zz 

9.280599 

9.288652 

10.71 1348 

9.991947 

79 

10 

9.ao704o 

9.a95349 

10.704651 

9.991699 

5© 

ao 

9.ao^too 

10.608040 

y     ^  w 

9.091448 

y  yy 

40 

30 

q.2qq6cc 

0.10846^ 

10.691537 

O.QQIIQ3 

y  yy      7 j 

30 

40 

0.305819 

9.314885 

10.6851 15 

9.990934 

20 

9.321222 

10.678778 

O.QO067 1 
y*yy  # 

10 

za 

1  9.3«7879 

9.3a7475 

10.672535 

9.990404 

7« 

10 

,  9*323780 

9*333646 

10.606354 

9.990134 

50 

ao 

9*339599 

9-339739 

10.660261 

9.989860 

40 

3° 

9-335337 

9-345755 

»"-"54^45 

9-9*'95°^ 

40 

9.340996 

9-351697 

10.648303 

9.989300 

20 

9-346779 

9.357566 

10.642434 

9.989014 

10 
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i 

Aogle.  1 

1 



V 

J 

1 

1 

9.352088 

9363364 

10.636636 

9.988724 

77° 

lO 

9-357524 

9.369094 

10.630906 

9.988430 

50 

20 

0.^62880 

Q-^747S6 

10.62^244 

g.9881 3^ 

y  y 

40 

Q.t68i8c 

Q.tSot54 

10,619646 

0.987832 

«j 

AO 

y*o  /  0^  *^ 

Q.  ^81;  888 

xo.6x4XX3 

0.087^26 

y'y^  1 I 

30 

7*0      » # 

o.iott6o 

10.608640 

0.087317 

XO 

9*383675 

9-396771 

10.603229 

9.986904 

1  76 

10 

9.3887  1 1 

9.402  I  24 

10-597876 

9.986587 

50 

20 

0. 10168^ 

0.4074  10 

ic.^Q2c;8i 

9.986266 

40 

0.108600 

Q.4I26S8 

10.^87^42 

g.985942 

1  0 

AO 

'  Q.40t4« 

0.417843 

10.583x58 

o.o8c6x4 

30 

0.4083  <4 

0.433074 

I0.477036 

0.085380 

XO 

9.412996 

9.428052 

10.571948 

9.984944 

75 

10 

9.417684 

9.433080 

10.566920 

9.984603 

50 

20 

Q.422^18 

0.4^80  (;q 

io.<;6iQ4i 

9.9842  SO 
y  y  ^  jy 

40 

0.436800 

Q.44M88 

XO.557012 

9-98301 X 

y  y  y 

30 

do 

0.447870 

10.5531  to 

9.983558 

20 

9<43$9o8 

0.453706 

X0.547304 

9.983303 

XO 

x6 

9440338 

9-45  7496 

10.542504 

9.982842 

74 

10 

9.444720 

9.462242 

'0.537758 

9.982477 

50 

20 

Q.4400<;4 

0.46604^ 

9.982109 

40 

0.471605 

10.538395 

9.081737 

40 

0.4c:  7C84 

0.476223 

10.533777 

9.98 1 36 1 

20 

CO 

9.461783 

9.480801 

XO.5XQXO9 

9.980981 

XO 

9465935 

9-485339 

IO.5I466I 

9.980596 

73 

10 

9.470046 

9.489838 

10.510X63 

A   —  ^   ^  1 

9.90O8OO 

50 

20 

0.4741 1 C 

0.4O4300 

iO.KO<7oi 

9.9798x6 

40 

\o 
0^ 

0.478142 

0.408733 

X0.50I2  78 

9.070430 

30 

0.482128 

Q.  CO"?  TOO 

10.406801 

9.Q7QOIQ 

20 

Ko 

0.48607$ 

a.<o746o 

y  w    #  1 

1 0.492  S40 

9.078615 

10 

z8 

9.489983 

9.5I1776 

10.488224 

9.978306 

72 

xo 

9*493851 

9.5*^57 

10-483943 

9-977794 

50 

so 

0.407683 

0.<8OtO< 

10.47060  c; 

9.477X77 

y*yw  9ir  1  w 

40 

^0 

0.501476 

9.524520 

10.475480 

9-976957 

30 

40 

9.505234 

o.i;28702 

10.471298 

9976532 

30 

^0 

o.co8o^6 

10.467147 

9.976103 

XO 

9.513643 

9-53697« 

X0.463O38 

9.975^0 

71 

ID 

9.516394 

9.54x061 

10^158939 

9-975*33 

50 

30 

9.5x9911 

9.545"9 

XO.454881 

9.97479« 

40 

30 

9-5^3495 

9o49' 49 

10.45005 1 

9-974347 

30 

40 

9.527046 

9-553149 

10.446851 

9973897 

20 

9.530565 

9.557121 

10.442879 

9.973444 

10 

uicjui^cQ  by  Google 
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Mite. 

Tm«wk. 

Cmm«h>. 

- 

—  — — ^— 

9534052 

9.561066 

10-438934 

9.972986 

70- 

lO 

9-537507 

9.564983 

10-435017 

9.972524 

50 

20 

0.^6887-1 

y.  J  www  ^  J 

I0.4'tl  127 

o.Q72o«;8 

4.0 

to 

0. '572  7^8 

10.427262 

0.07IC88 

q.C4768q 

O.C76C76 

10.42 t424 

0.07lIIt 
yyi  •  *o 

20 

Q.CCIO24 

9.580380 

10.419611 

9.97o6tC 

zo 

21 

9554329 

9-584177 

10.415823 

9.970152 

69 

10 

9.557606 

9.587941 

10.412059 

9.969665 

50 

30 

q.<;qi68i 

10.408^10 

o.q6qi  7? 

y  y  y  to 

40 

XO 
0** 

Q.  CQC7q8 

10.404602 

0.068678 

O.C67260 

O.COQOQI 

I0w400000 

0.068178 
y  y       1  ^ 

20 

0.C7O4tC 

9.602761 

IO.t072tQ 

i#y  #  ^y 

Q.067674 

10 

22 

9-573575 

9.606410 

10.393590 

9.967166 

68 

10 

\  9-570089 

9.610036 

10.359964 

9.966653 

50 

Q.C70777 

Q.61  ^641 

10.  "186^^0 

o.g66i  ^6 
y  y 

40 

to 

Q.C82840 

0.617224 

io.t82776 

q.q6c6ic 

to 

o.c8i;877 

0.620787 

IO.t702It 

o.q6coqo 

yy  J  y 

20 

CO 

0.c888qo 

9.624ttO 

I0.t7c670 

Q.q64c6o 

zo 

23 

9.591878 

9.627852 

10.372148 

9.964026 

67 

10 

1  9-594842 

9-^3^355 

IQ.3O8O45 

9.903405 

50 

20 

O.C0978t 

o.6t48t8 

10.365162 

Q.  06204c 
y*y  ~y"rj 

40 

to 

9.600700 

o.6t8to2 

10.  t6 1 608 

0.062^08 

yy^  oy 

to 

do 

0.6ot 

Q.641747 

io.'?s82t;? 

0.061846 

20 

CO 

Q.6o6d6c 

0.64c  174 

IO.tC4826 

Q.061200 
y  y  y 

10 

9.609313 

9.648583 

IO.35I4I7 

9.960730 

66 

10 

9.6I2I4O 

9.651974 

10.340020 

9.960165 

SO 

20 

0.614044 

o.6(;C'^48 

IO.t446C2 

Q'OC0506 

7  yjy jy 

40 

to 

Q.6I7727 

Q.6^8704 

IO.t4I206 

y  y  J  y  yj 

to 

Q. 620488 

0.66204^ 

l0.tt7Q«?7 

Q.QC844^ 

20 

CO 
J** 

0.62t220 

0.66  c  ^66 

I0.tt46j4 

Q.Q^786i 
7*y  J  i  0 

10 

25 

9.625948 

9.668673 

10.331328 

9.957276 

65 

10 

^    ^  ^0£.  M.  mm 
9.028047 

9.671963 

ia328o37 

9.950684 

50 

20 

0.6*^1  ^26 

0.67C2'17 

IO.t3476^ 

O.OC6080 

y  y  J  y 

40 

o.6'1'^q84 

0.678406 

io.'i2i  «:o4 

0.9CC488 

-lo 

40 

0.6^662^ 

9.68  I  740 

10.318260 

g.9';488Tt 

20 

CO 

0.6^0242 

0.684068 

I0.1IC032 

W     W  V 

0.054274 

10 

26 

9.641842 

9.688182 

10.31 18I8 

9.953660 

10 

9.644423 

9.691381 

IO.3O0OI9 

9.953042 

20 

9.646984 

9.694566 

10.305434 

9.952419 

40 

30 

9.649527 

n  fini  tin 
9.097730 

9-95  '79* 

40 

9.652052 

9.700893 

10.299107 

9-951159 

20 

50 

9.654S5S 

9.704036 

10.295964 

9.950522 

10 

Sin*. 

Aagte. 

MATHEMATICAL  TABLES. 


j 

Aagle. 

1 

CiiliHil 

I 

1 

1 

1 

9.657047 

9.707 166 

10.292834 

9.949881 

63° 

lo' 

9-659517 

9.7 10282 

I  C\  9^4^  T  1  K 
1  w.  .SOU  1 

9-949235 

res' 
50 

20 

9.661970 

9.7i'ta86 

10.286614 

9.948584 

40 

30 

9.664406 

9.716477 

xa283523 

9.947929 

30 

40 

9.666824 

10.280445 

9.947369 

so 

1  SO 

9.669225 

9.722621 

10.277379 

9.946604 

10 

28 

0.67 1 600 

9.  72(674 

10.274326 

9-945935 

62 

10 

9.67^977 

Q.728716 

9.94^201 

50 

20 

9.67632S 

9- 73 1 746 

10.268254 

9.944582 

40 

30 

9.678663 

9.734764 

ia265236 

9.943899 

30 

40 

9.680982 

9.737771 

10.262229 

9.943210 

20 

9.683284 

9.740767 

ia259233 

9.942517 

10 

29 

9-685571 

9-74^7S2 

10.256248 

9.941819 

61 

10 

9.687843 

9.746726 

7    9  ~  9 

*o.z53Z74 

9.941  I  I  7 

50 

20 

9^690098 

9.749680 

10.2503 1 1 

9.940409 

40 

30 

1  9.6923-^9 

9.752642 

10.247358 

9.939697 

30 

40 

'  9.694564 

9.755585 

10.244415 

9.938980 

20 

50 

1  9^696775 

9.7585*7 

10.241483 

9.938258 

TO 

[  9.698970 

9.7614^0 

10.238561 

9937531 

60 

9^701151 

0.764353 

*  0.235040 

9-93^799 

50 

20 

9.703317 

9.767255 

10.232745 

9.936062 

40 

30 

9.705469 

0.770148 

y    9   9  1 

10.229852 

9-9353'o 

3« 

40 

9.707606 

9-77'?o33 

TO.226967 

9-934574 

20 

50 

9W709730 

9.775908 

10.224092 

9.933822 

10 

o.7ii8«o 

9.778774 

10.221226 

9- 933066 

59 

9.78i6ti 

9.932304 

50 

20 

Q.7160I  7 

9.784470 

IO.2I552I 

9-931537 

40 

30 

9. 7 1 808  c 

9.787^19 

IO.212681 

9.930766 

30 

40 

9.720140 

9.79OI5I 

10.209849 

9.929989 

20 

9.722181 

9.793974 

10.207026 

9.939207 

10 

9.724210 

W    9  ■ 

9.795789 

10.204211 

9.928420 

5« 

10 

9.726225 

9.798596 

y    9  y     ^  y 

9.927029 

50 

20 

9.728227 

g.8oi  396 

y  y 

10.198604 

9.926831 

40 

30 

9.730217 

9.804187 

y           ~  9 

10.195813 

9.926029 

30 

40 

9.73219^ 

0.806071 

10.193029 

9.925222 

20 

50 

9-734157 

9.809748 

10.190253 

9.924409 

10 

33 

9.736109 

9.812517 

la  187483 

9-9«359i 

57 

10 

0. 7?8oii8 

081 C280 

50 

20 

9-739975 

9.81803s 

10. 1 81965 

9.921940 

40 

30 

9.741889 

9.820783 

lo.i  79217 

9  y  9 

g. 921 107 

y    y  9 

40 

9-743792 

9-823524 

10.  T76476 

9.920268 

20 

9. 745683 

9.826259 

10.173741 

9.919424 

10 

1 

Aaglei 
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1 

GmIm. 

34° 

9.74/502 

M    Q  mm 
9.020907 

IO.171013 

9-918574 

lO 

9.749429 

9.831709 

IO.168291 

9.9I77I9 

so' 

20 

9. 7512144 

9-834425 

TO  T^CCTC 

9.91U059 

40 

9753128 

9-837134 

I  0  T  62866 

X  W.  X  V/  ^       V  v 

n  A  T  CCtCiA 

1  9A 

AO 

9754960 

9-839838 

1  fi  T  6f>  1  f\9 

A  A  T  C  T  9  ^ 

9.9I5I23 

1  20 

9.756782 

Q.842«;3«: 

1                   T  A 

1 

as 

9-750591 

9.845227 

10.154773 

9-9^3365 

55 

10 

9700390 

9.847913 

10. 152087 

9.912477  ' 

50 

20 

9>7^2 1 7  7 

9850593 

TO  T  -1  n  1 07 

0  n  I  I  c  R  /I 
y.yi  1504 

1                A  A 

4^ 

9-703954 

9.853268 

TO   1  l(i779 

A  A  T  r^/' 1 R  6 

30 

AO 

9.765720 

9-855938 

10  T  i><n69 

A  Ar^r^'rR^ 

U.            1  0  £ 

30 

KO 

9.767475 

9.858602 

9.900073 

T  A 

10 

9.709219 

9. 00  I  201 

10.138739 

9.907958 

54 

10 

9.770952 

9-863915 

10.136085 

9.907037 

50 

20 

9-7/2075 

9.OOO5O4 

10  I  2  ■2.176 

A  Ar»6  III 

>l  A 

40 

to 

9.774388 

9.869209 

TO-  T  90*?  A  T 

A  Artr  T  "JA 

9-9051 79 

4A 

30 

AO 

9*77^90 

9.071049 

u.  yu4^4  ^ 

ao 

CO 

50 

•.777781 

W   9  W  9  9 

Q.874484 

9.9032911 

10 

37 

9'7794t>3 

9.877II4 

10.122886 

9.902349 

i  53 

10 

9.751  134 

9.879741 

10.120259 

9.901394 

50 

20 

9.752790 

9.682303 

lu.i  17U37 

9.900433 

40 

^  wft    ^  ^  n 

^7«4447 

9.OO490O 

to  FT Cn9n 

9.099407 

4  A 

30 

9w7<>ooo9 

9.887594 

1 V*  Jl  A  «ifW 

9.090494 

4A 

so 

KO 

9.787720 

Q.8OO2O4 

9.097510 

T  A 
10 

9-709342 

9.092010 

10.  107  190 

9.896532  i 

10 

9-790954 

9.895412 

10.104588 

9-895542 

so 

90 

9»  79*55  7 

9.090OIO 

9,094540 

A  f\ 

40 

to 

9- 794150 

9*90^'^5 

10.099395 

A  H/%'f9AA 

9*  093344 

9A 

30 

AO 

9*795  733 

9.903197 

TA  AaAAav 

A  5tA4P4n 

9-<*9*53'' 

30 

CO 

9.707307 

Q*  90c  78c 

AU*wy^«i  j 

9.091523 

10 

39 

_   —     Q  Q  M  _ 

9.79""72 

9.908369 

10.09163 1 

9.890503 

10 

9>  0004  2  7 

9.9I095I 

10.089049 

9-889477 

50 

30 

9.001973 

9-9135*9 

TA  aAII^TV 

1  v.vov^y  1 

A  flUSl  AAA 

9*  000444 

40 

xo 

Vc           ^  T  * 

9-^0351' 

9.916104 

TA  AftvftAll 

A  RRlAnA 
y.  007  4'.'" 

30 

AO 

9.805039 

9.9I8O77 

f  0  nR t  99t 

tA 

CO 

0.806557 

I A  A^ftfr  £4 

10.070733 

9.00531 1 

T  A 
10 

40 

9.808067 

9.923814 

10.076186 

9.884254 

50 

zo 

9.809569 

9-936578 

10.073622 

9.883 19 1 

50 

20 

9.81 1061 

9.928940 

10.071060 

9.882  12  I 

40 

30 

9.812544 

9-931499 

10.068501 

9.881046 

30 

40 

9. 8 1 40 1 9 

9934056 

10.065944 

9.87()()63 

20 

50 

j  9-815485 

9.9366  n 

10.063389 

9.878875 

10 

Gteiiw. 
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41° 

10 

ao 

30 
40 

50 

9.816943 
9.010392 
9.819832 
9.821265 
9.8326S8 
9.824104 

9-939163 

9-94»7'3 
9.944262 

9.946808 

9-949353 
9.951896 

10.060837 

10.0^020  y 

10.055738 
10.053192 
10.050647 
10.048104 

9.877780 

9-875571 
9.874456 

9.87333s 
9.872208 

49° 

50 

40 
30 

20 

10 

10 

30 

30 
40 

so 

9-825511 

o.ozuu  10 

9.828301 
9.829683 
9.831058 

9.832425 

9-954437 

9-95"977 
9-959516 
9.962052 
9.964588 
9.967x23 

10.045563 

10.043023 
10.040484 
10.037948 
10.0354X2 
10.032877 

9.871073 

9.609933 

9.868785 
9.867631 

9.866470 

9-865302 

48 

50 

40 
30 

20 
xo 

43 

10 
20 

30 

40 

9-833783 

9-*'35^34 
9.836477 

9.837812 

9.839140 
9.840459 

9.969656 

9.974720 

9.977250 
9.979780 
9.982309 

10.030344 

10*027*'" 
XO.O25280 

iao2275o 

10.020220 
10.017691 

9.864127 

9.00294^ 
9.86X758 

9.860562 
9.859360 
9.858151 

47 

50 
40 
30 
20 
10 

44 

Iw 

20 

30 

40 

50 

9.841 77 1 

9.043070 

9.844372 
9.845662 
9.846944 
9.040218 

9.984837 

9.957305 
9.989893 
9.992420 

9-994947 
9-997473 

10.015 163 

IO.OI2035 
X0.010107 
10.007580 

10.005053 
10.002527 

9-85693.4 

9-«'557*i 
9.854480 

9853242 
9.851997 

9-850745 

46 

0A 
50 

40 

30 

20 

10 

45 

9.849485 

10.000000 

10.000000 

9.849485 

45 

1 

Cosioe. 

Tngtnt 

Sine. 

Angle. 
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RHUMBS^  OR  POII*ITS  OF  THE  COMPASS. 
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TABLE  Na  X.-.RHUMBS,  OR  POINTS  OF  THE  COMPASS. 


Pdnts. 

Angles. 

l|  NORTH. 

NORTH. 

1  SOUTH. 

SOUTH. 

H 

Va, 

5  37  30 
8  26  IS 

N  E 
N  >^  E 
N^E 

N  ^  W 
N  W 

N  ^  W 

S  }(  E 
S  >^  E 
S^E 

s  w 
s  w 
s  ^  w 

1 

n  15  0 

14    3  45 
i6  52  30 

19  41  IS 

N  by  E 
N  by  E  E 
N  by  E  3/2  E 
N  by  E  ^  E 

N  by  w 
N  by  w  ^  w 
N  by  w  ^  w 
N  by  w  ^  w 

s  by  E 
s  by  E  ^  E 
s  by  E  E 
s  by  E  ^  E 

s  by  w 
s  b\'  w  w 
1  s  b}  w  w 
i  s  by  w  ^  w 

3 

''A 
*H 

22  30  0 
25  18  45 
28    7  30 
30  56  15 

NNE 
NNE  }(  E 
NNE  }4  E 
NNE  ^  E 

NNW 
NNW  ^  W 
NNW  W 
NNW|^  W 

SSE 
SSE  E 
SSE  }4  E 
SSE  ^  E 

ssw 
ssw  w 
ssw  )5  w 
ssw  ^  W 

3 

3'A 

sH 

33  45    0  1 
36  33  45 
39  22  30 
43  II  15 

NE  by  N 
NE  ^  N 
NE  ^  N 
NE  ^  N 

Nw  by  N 

NW  ^  N 
NW  ^  N 
NW  N 

SE  by  s 

SE  ^  S 
SE  >^  S 
SE  X  S 

sw  by  s 

S\\'  3/^  S 

SW  1^  s 

sw  ^  s 

4 

4)i 

45    0  0 
47  48  45 
50  37  30 
53  «6  15 

NE 
NE  E 
NE  ^  E 
NE^  B 

NW 
NW^  W 
NW  jS  W 
NW|^  W 

SE 
SE  ^  E 
SE  E 
SE  ^  E 

SW 
SW  ^  w 
SW  w 
sw  ^  w 

5 

sH 
sH 

56  15  0 

59    3  45 
61  52  30 

64  41  15 

NE  by  E 

ENE  ^  N 
ENE  ^  N 

NW  by  w 
WNWM  N 
WNW  }i  N 
WNW  l{  N 

SE  by  E 

ESE  ^  S 
ESB  }i  S 
ESE  3/  S 

SW  by  w 
wsw  ^  s 
wsw  }i  s 
wsw  l(  s 

6 

6}i 

6)4 

6H 

67  30  0 
70  18  45 

73    7  30 
75  56  15 

ENE 
ENE  ^  E 
ENE  %  E 
ENB^  B 

WNW 
WNW  W 

WNW  W 

WNW|^  W 

ESE 
BSE  }^  E 
ESE  ^  B 
BSB|^  B 

wsw 

W8W^  W 

wsw  }i  w 
wsw^  w 

7 

1% 

7«45  0 

81  33  45 
84  22  30 
87  II  15 

E  by  N 

E|<N 
E^N 
B^N 

w  by  N 
w  ^  N 
W^N 
W^<N 

E  by  s 
BJ(S 

w  by  s 
w^s 

WJ<S 

8 

90  0  0 

EAST. 

WEST. 

BAST. 

WEST. 

■-.lyiu^uo  Ly  Google 
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MATU£iMATICAL  TABLF,^ 


TABLE  No.  XL—RECIPROCALS  OF  NUMBERS 

FROM  I  TO  ZOOO. 


I.OOOOOO 

.500000 

•333333 
.250000 

.200000 

.166667 

.142857 

.125000 

.XIIIIl 

,100000 
.090909 

.0S3333 
.076923 

.071429 

.066667 
.062500 

.058824 

•055556 
.052O32 

.050000 
.047619 

•045455 
.043478 

.041667 

.040000 

.038462 

•037037 
•035714 
•034483 

•033333 
.032258 

.031250 

•030303 
.02941 2 

.028571 

.027778 

.027027 

.026316 

.025641 


No. 

40 

41 

42 

43 
44 

45 
46 

47 

48 

49 

50 
51 
52 
53 
54 
55 
56 
57 
58 
59 

60 

61 

62 

63 

64 

65 
66 

67 

68 

69 

70 

71 

72 

73 
74 
75 
76 

77 
78 


Mtt. 

1 

— — — — — 

KMnrocaL 

.02C000 

90 
ly 

.012658 

1  118 

.0084.7  ^ 

.024390 
.02  ^810 
.023256 
.022727 

.022222 

80 

81 
82 

1  83 
84 

.012500 
.012346 
.012195 
.012048 

.01 1905 

j  "9 

i  190 
121 

;  122 

123 

.00840t 

.008333 

.008264 
.008197 
.008130 

.0217^0 
.021277 
.020833 
.020408 

85 

86 

.011765 

.01 162. s 

124 
125 

.008065 
.oohooo 

87 

.011 494 

126 

.007937 

fiR 

00 

.011364 

127 

89 

.011236  128 

.00781 

ft  f  (\f%t-i% 

90 

.01 1 1 1 1 

-00775  a 

91 

.010080 

1^0 

.007692 

92 

.010870  1 

i 

.007634 

ft  1  Rc  m 

018182 

93 

.010753  1 

.007576 

94 

.010638 

»33 

.007519 

ft  I C7 

7057 

95 

.010526  1 

134 

.007463 

ft  I  T  C  4  /I 
7544 

96 

.010417  , 

135 

.007407 

0 I 

.016949 

97 

.010309  i 

1  136 

.007353 

98 

.010204 

.007299 

1 

.010007 

99 

.010101 

i  ^38 

.007246 

1  /• 

.010393 

100 

.010000 

139 

.007 104 

.  0 1  U  I  -  ^ 

lOI 

.009901 

140 

.007143 

•O150/3 

102 

.009804 

141 

.007092 

.015625 

103 

.009709 

142 

.007042  ' 

.015395 

104 

.0096  I  5 

1  '43 

.006993 

.01515s 

105 

.009524 

|i44 

1  145 

.006944 

.014925 

106 

.009434 

.006807 

.014706 

107 

.009346 

'  146 

.006849 

.01.4493 

108 

•009259 

147 

.006803 

.014286 

.014085 

109 
IZO 

.009174 
.009091  1 

1  148 

1 

149 

.006757 
.00671  I 

.013889 

III 

.009009  1 

150 

.006667 

•013699 

112 

.008929 

151 

.006623 

.013514 

113 

.008850 

152 

.006579 

.013333 

114 

.008772 

.006536 

.013158 

"5 

.008696 

.006494 

.012987 

116 

.008621 

.  '55 

.006452 

.012821 

"7 

.008547  1 

|iS6 

.006410 

Ly  Googl 
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No. 



Reciprocal. 

.006369 

158 

.006329 

»59 

XO6989 

160 

0062  CO 

161 

006  211 

163 

.0061  7^ 

i6t 

.0061^1; 

164 

.006098 

165 

.006061 

166 

.006024 

167 

  „  0  0 

.005900 

168 

.005952 

169 

.005917 

170 

.005882 

171 

.005848 

17  2 

oos8 1  J. 

171 

.oci  780 

.005747 

.005714 

176 

.005602 

177 

,005650 

178 

.005618 

179 

.005587 

x8o 

.ooc^t;6 

181 

182 

.00^4.64 

184 

•005435 

185 

.005405 

186 

.005376 

187 

.005348 

188 

.005319 

189 

.005291 

IQO 

.00^26^ 

IQI 

.00^2^6 

IQ2 

.001:208 

.oo(:i8i 

J  — 

194 

.005155 

.005128 

196 

.005 102 

.005076 

198 

.005051 

199 

.005025 

TOO 

.005000 

201 

.004975 

302 

.OOAQCO 

.004026 

204 

.004902 

205 

.004878 

200 

.004054 

ZOy 

.0040^ 1 

200 

.OO40OO 

209 

.004785 

210 

.00^762 

21 1 

.0047tO 

212 

.0047 I 7 

211 

.00460^ 

214 

.004673 

2^5 

.004651 

216 

.004030 

217 

210 

.004507 

219 

.004500 

220 

.oo4c;4<; 

221 

.004 1;  2  s 

222 

mt  ^  » 

.004,  coc 

224 

.004464 

225 

.004444 

ort  1  A  7  C 

^  0  ^ 
227 

or>  I  10c 

•  v-/w4^  oi/ 

.004148 

2'?I 

.004129 

2X2 

.004110 

211 

.0042Q2 

234 

.004274 

235 

.004255 

OO42I0 

OOA202 

239 

00  A  T  ^A. 

2dO 

.004167 

241 

.004 I 4U 

242 

.004132 

243 

.004115 

244 

.004098 

245 

.004082 

246 

.004065 

No. 

247 
248 
249 

250 

i  251 
252 

253 
254 

255 
256 

257 
258 
259 

260 
261 
262 
263 
264 
265 
266 
267 
268 
269 

270 

271 

272 

273 

274 

275 
276 

277 

278 

279 

280 
281 
2S2 

283 
284 
285 
286 
287 
288 
289 

290 
291 


KcdprocaL 

.004049 
.004032 
.004016 

.004000 
.003984 
.003968 
.003953 
.003937 
.003922 
.003906 
.00^891 
.003876 
.003861 

.003846 
.003831 
.00381 7 
.003802 
.003788 
.003774 
.003759 
.003745 

.003731 
.003717 

.003704 

.003690 
.003676 
•003663 
.003650 
.003636 
.003623 
.003610 
.003597 
.003584 

.003571 
.003559 
.003546 

.003534 
.003522 

.003509 
•003497 
.003484 
.003472 
.003460 

.003448 
.003436 


No.  Reciproad. 

.003425 
.003413 
.003401 
.003390 

.003378 

•003367 
•003356 
•003344 

.003333 

.003322 
.003311 
.003301 
.003289 
.003279 
.003268 
.003257 
.003247 
.003236 

.003226 
.003215 
.003205 

.003195 
.003185 
.003175 
.003165 
•003155 
.003145 
•003135 

•003125 
•003115 
.003 106 
.003096 
.003086 
.003077 
.003067 
.003058 
.003049 
.003040 

.003030 
.003021 
.003012 
.003003 

.002994 
.002985 
I  .002976 


MATHEMATICAL  TABLES. 


Na 

Reciprocal.  | 

337 

1 

.002967 

33« 

.002959 

339 

.002950 

.002941  [ 

341 

.002933  1 

.002924  1 

343 

.002915 

344 

.002907  j 

,002899 

346 

.002890 

347 

.002882 

348 

.002874  1 

349 

.002865  1 

350 

.002857 

351 

.002849 

352 

.002041 

353 

.002833 

354 

.002825 

tec 

.002819 

356 

.002809  ' 

357 

.002801 

358 

.002793 

359 

.002786 

300 

.002778 

.002770 

.002  762 

363 

.002755 

364 

.002747 

.002740 

366 

.002732 

367 

.002725 

368 

.002717 

369 

.002710 

.002703 

371 

.002695 

37a 

.002080 

373 

.002081 

374 

.002674 

.002667 

376 

.002660 

377 

.002653 

378 

.002646 

379 

.002639 

380 

.002632 

381 

.002625  1 

No. 

ReciprocaL 

382 

.002618 

3«3 

.00261 X 

384 

.002604 

385 

.002597 

^86 

.oo2i;qi 

387 

.002^84 

xm 

^8q 

.002 1;7 1 

390 

.002564 

391 

.002558 

392 

.002551 

393 

.002545 

394 

.002538 

395 

.002532 

.002^21; 

OV  4 

.0026 10 

to8 

.002  C 1 1 

too 

.002^06 

\ 

400 

.002500  1 

401 

.002494  ; 

402 

.002488 

403 

.002481 

404 

.002475 

405 

.002469  1 

406 

.00246^  1 

407 

.0024157 

408 

.002451 

400 

.002441;  ii 

410 

.002439  ' 

411 

.002433  , 

412 

.002427 

413 

.00242 1 

414 

.002415 

415 

.002410 

416 

.002407 

417 

.002398 

418 

.002';02 

419 

.002387 

420 

.002381 

421 

.002375 

422 

.002370  ' 

423 

.002364 

424 

.002358  1 

425 

•002353 

426 

.002347  1 

No. 

RedprocaL 

.002  2  A2  1 

A28 

.002226 

A20 

.00222 X 

1 

430 

.002326 

431 

.002320 

433 

.002315 

433 

.002309 

434 

.002304 

435 

.002299  1 

437 

A18 

00228*2 

.002298  1 

440 

.002273 

441 

.002268 

442 

.002262 

443 

.002257  i 

444 

.002252 

445 

,002247 

44/ 

448 

.002232 

44y 

00222*7 
.  ww«  § 

450 

.002222  ' 

451 

.002217 

452 

.002212 

453 

.002208 

454 

.002203 

455 

.002198 

45" 

t  rk9 
.003 I 93 

457 

.W3100 

.left 
45° 

.OWSIO3 

459 

460 

.002174 

461 

.002169 

462 

.002165 

463 

.002160 

464 

.002155 

465 

.002151 

466 

»A  V  V 

002  T  16 

467 

.002 141 

468 

.002137 

469 

.002132 

470 

.002128 

471 

.002123 

No. 


RedprocaJ. 


472 

473 

474 

475 
476 

477 
478 

479 

480 

481 
482 

483 

484 

485 
486 

487 
488 

489 

490 

491 
492 

493 
494 

495 
496 

497 
498 
499 

500 

501 
502 

503 
504 

505 
506 

507 
508 

509 

510 

511 
512 

513 

514 

515 
Si6 


.002119 
.002114 
.002110 

.002105 

.002 lOI 
.002096 
.002092 
.002088 

.002083 
.002079 
.002075 
.002070 
.002066 
.002062 
.002058 
.002053 
.002049 
.002045 

.002041 

.002037 
.002033 
.002028 

.002024 
.002020 
.002016 
.002012 
.002008 
.002004 

.002000 
.001996 
.001992 
.001988 
.001984 
.001980 
.001976 
.001972 
.001969 
.001965 

.001961 
.001957 
.001953 
.001949 
.001946 
.001942 
.001938 
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Mo. 

518 
5'9 

520 

521 
522 

523 
524 

5«5 
526 

527 

528 
529 

530 

531 
532 
533 
534 
535 
536 
537 
538 
539 

540 

541 
54a 

543 
544 
545 
546 

547 
548 

549 

550 

551 
552 

553 
554 
555 

556 
557 
558 
559 

560 

561 


RadpracBL 

.001934 
.001931 
.001927 

.001923 
.001919 
.001916 
.001912 
.001908 
.001905 
.001901 
.001898 
.001894 
.001890 

.001887 

.001883 
.001880 
.001876 
.001873 
.001869 
.001866 
.001862 
.001859 
.001855 

.001852 
.001848 
.001845 
.001842 

.001838 
.001835 
.001 832 
.001828 
.001825 
.001821 

.001818 
.001815 
.001812 
.00x808 
.001805 
.001802 
.001799 
.001795 
.001792 
.001789 

.001786 

.001783 


MO. 

R«Gi|R<ecBL 

502 

.00 

'779 

5"3 

[770 

564 

.00 

1773 

565 

.OOJ 

[770 

566 

.001 

1767 

567 

.001 

[764 

—  ^  0 

568 

,00 

[761 

569 

.OOJ 

1757 

.00  ] 

t754 

.OOj 

1751 

P  T  9 
572 

.00] 

[74« 

.00  ] 

r  7-f5 

574 

.001 

[  742 

575 

.00] 

576 

.00] 

[736 

577 

.00] 

^733 

578 

.00] 

f  730 

579 

.00] 

[727 

I  t 

500 

.00] 

[724 

5°^ 

.00] 

[721 

502 

.00] 

[718 

503 

.00] 

[715 

584 

.00] 

[712 

585 

.00] 

[709 

586 

.00] 

[706 

—  0  _ 
587 

.00] 

[704 

588 

.OO] 

701 

589 

.OOJ 

[698 

.00  ] 

695 

59^ 

.00  ] 

692 

592 

.001 

689 

593 

.00  ] 

OoO 

594 

.001 

684 

595 

.OOI 

681 

596 

.00] 

[678 

597 

.001 

'675 

598 

.00] 

[679 

599 

.00] 

t669 

.00] 

[667 

f\e\  T 

.00] 

[664 

602 

.00] 

r66i 

603 

.00] 

[658 

604 

.GO] 

[656 

605 

.00] 

^653 

606 

.00] 

1650 

No.  j  RccipraoU. 

607 

OOI 6a7 

608 

ooi6ac 

(\C\Ck 
WW 

610 

.001639 

611 

.001637 

612 

.001634 

613 

.001631 

614 

.001629 

015 

616 

617 

.001621 

618 

.00 1 6  T  8 

619 

OOI 6 16 

620 

.001613 

621 

.001610 

622 

.001608 

623 

.001605 

624 

00 1  601 

62  ^ 

00 I 600 

626 

.001 C07 

627 

.001  <;oc 

628 

.001 C02 

620 

.001  COO 

630 

.001587 

631 

.001585 

632 

.001582 

633 

.00X580 

OOI C?  7 

00 1 C  7  C 

6^6 

001 1;7  2 

6'17 

.001  70 

618 

.001 1;67 

610 

OOI  ij6c 

640 

.001563 

641 

.001 560 

642 

.001558 

643 

•001555 

.00 1  c  c  1 

645 

.00x550 

646 

.001548 

647 

.001546 

648 

•001543 

649 

.001541 

650 

.001538 

651 

.001536 

no. 

 t   0 

KCdpVOOUo 

052 

.001534 

653 

.001531 

654 

.001 S2Q 

655 

.001527 

656 

.001524 

657 

.001522 

658 

.001520 

659 

.001517 

000 

.001515 

oox 

.001513 

002 

.00X51 I 

003 

.001 508 

664 

.001  t;o6 

665 

.001 504 

666 

.001 502 

667 

.001499 

668 

.001497 

669 

.001495 

070 

.001493 

071 

.001490 

072 

.001 480 

673 

.001486 

674 

.00x484 

675 

.00X481 

676 

.00X479 

677 

.001477 

678 

.001475 

679 

.001473 

OBO 

.00X471 

/JO  » 
OOl 

.001400 

A&«* 
Oo2 

.001400 

003 

.00 1464 

684 

.001462 

685 

.001460 

686 

.001458 

687 

.001456 

688 

.00X453 

689 

.00145  X 

.00  T  449 

00  1 

.00 1 44  7 

692 

.001445 

693 

.001443 

694 

.00x441 

695 

.001439 

696 

1  .00X437 
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No.  1 

Rcciprocsd. 

697 

.001435 

090 

.001433 

699 

.001431 

.0014.20 

701 

.001427 

•  • 

702 

# 

.001422 

704 

.001420 

705 

.001418 

700 

.001416 

707 

.001414 

700 

.001412 

709 

.001410 

710 

.ooi40(S 

71 1 

.001 40O 

712 

.001 404 

71^ 

.001 40^ 

7M 

.001401 

7'5 

.001399 

710 

.001397 

717 

.001395 

718 

.001393 

719 

.001391 

730 

.001 tSo 

721 

.001 ^87 

723 

.001 18^ 

.001  -182 

724 

.001381 

725 

.001379 

726 

.001377 

727 

.001376 

728 

.001374 

729 

.001372 

7^0 

.001 170 

.001  ■?68 

7^2 

.001 ^66 

733 

.001164 

734 

.001362 

735 

.001361 

73" 

.001359 

717 
lot 

00 11^7 

738 

•001355 

739 

•oo»353 

740 

.001351 

741 

.001350 

No. 

RcciprociA. 

742 

.001 

348 

743 

.001 

744 

.001 

[344 

745 

.001 

[343 

740 

.001 

'340 

•7  ,1  "7 

/47 

.001 

■339 

740 

.001 

337 

749 

.OOJ 

'335 

750 

.00] 

»  A  d& 

t333 

751 

.001 

'332 

752 

.00] 

'330 

/  JO 

.00 1 

[  'J28 

754 

.00 

[326 

755 

.001 

1325 

750 

.00] 

1323 

757 

.00] 

t32i 

75^ 

.00] 

^319 

759 

.00] 

[318 

760 

.GO] 

1316 

761 

.00 ) 

^314 

762 

.00] 

[312 

76^ 

.00] 

[311 

764 

.CO] 

'309 

765 

.00] 

'307 

766 

.00] 

[305 

1^1 

.001 

'304 

768 

.00  ] 

1302 

.00  ] 

1300 

770 

.00] 

[299 

771 

•  OOl 

'297 

772 

.001 

295 

773 

.001 

[  204 

774 

.00] 

[292 

775 

.OO] 

1290 

770 

.OOJ 

[289 

.001 

[287 

770 

.OOl 

1285 

779 

.001 

[284 

780 

781 

.00] 

[280 

782 

.001 

t279 

783 

.00] 

1277 

784 

.OOi 

[276 

785 

.001 

274 

1 786 

.OOJ 

1272 

JRccipracAL 

787 

.001271 

788 

.001269 

.001267 

790 

.001266 

791 

.001264 

i  792 

.001263 

!  793 

.001261 

1  794 

.001259 

795 

on  T  9  cit 
1  ^  so 

796 

.001 2«;6 

i  797 

.001255 

798 

.001253 

799 

.001251 

800 

.001 250 

80  r 

.001 248 

802 

.001 247 

803 

.001 245 

804 

.001244 

80  c 

806 
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WATER  AND  AIR  AS  STANDARDS  FOR  WEIGHT  AND  MEASURE. 


WATER  AS  A  STANDARD. 

There  are  four  notable  temperatures  for  water,  namely, 

32°  R,  or     o'  C.  —  the  freezing  point,  under  one  atmosphere. 

39*,!    or     4°  =  the  point  of  maximum  density. 

62*      or    i6°.66  =  the  British  standard  temperature. 

212*      or  100°  —  the  boiUng  point,  under  one  atmosphere. 

The  temperature  62°  F.  is  the  temperature  of  water  used  in  calculating 

the  specific  gravity  of  bodies,  with  respect  to  the  gravity  or  density  of 
water  as  a  basis,  or  as  unity.  In  France,  the  temperature  of  mayinrmpi 
density,  39°.!  F.,  or  4^"  C,  is  used  for  this  purpose,  for  soUds. 

IVdght  of  one  cubic  foot  of  Pure  Water, 

At  32^  F.  62.418  pounds. 

At  39°.  I  =  62.425  „ 

At  62°  (Standard  temperature)  »  62.355  » 
At  212"  •  =  59-640  „ 

The  weight  of  a  cubic  foot  of  water  is,  it  may  be  added,  about  1000 
ounces  (exactly  998.8  ounces),  at  the  tempoature  of  maximum  densi^. 

The  weight  of  water  is  usually  taken  in  round  numbers,  for  ordinary 
calculations,  at  62.4  lbs.  per  cubic  foot,  which  is  the  weight  at  5  2 ''.3  F.;  or 
it  is  taken  at  62^  lbs.  per  cubic  foot,  where  precision  is  not  requir^  equal 

to  '';r  ihs. 

The  weight  of  a  cylindrical  foot  of  water  at  62^  F.  is  48.973  pounds. 

Weight  of  one  cubic  inch  of  Furc  Waier* 

At  32^  F.  =  .03612  pound,  or  0.5779  ounce. 

At  39^I   =  .036125    „  „  0.5780  „ 

At  62*^     =  .03608     „  „  0.5773    „     or  252.595  grains. 

At  212'    =  .03451     „  „  0.5522  „ 

The  weight  of  one  cylindrical  inch  of  pure  water  at  62®  F.  is  .02833 
pound,  or  a4533  ounce. 
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Volume  of  otu  pound  of  Pure  Water, 

At  32"*  F.  »  .0160a  I  cubic  foot,  or  27.684  cubic  inches. 
At  39°.  I    =  .016019      „       „  27.680  „ 

At  62°      =  .016037       „        „  27.712  „ 

At  212*      =  .016770  „  „  28.978  „ 

The  volume  of  one  ounce  of  pure  water  at  62^  F.  is  1.732  cubic  inches. 

The  Gallon, 

The  weight  of  one  gallon  of  water  at  the  standard  temperature,  62"  F., 
is  10  pounds,  and  the  correct  volume  is  0.160372  cubic  foot,  or  277.123 
cubic  inches.  But  in  an  Act  of  Parliament,  which  came  into  force  in  1825^ 
the  volume  of  one  gallon  is  stated  to  be  277.274  cubic  inches;  this  is  the 
commonly  accepted  volume:   See  page  339. 

The  volume  of  10  pounds  of  water  at  62"  F.  is,  therefore,  to  the  volume 
of  the  imperial  gallon,  as  i  to  1.000545. 

And,  the  weight  of  an  imperial  gallon  of  ^ater  at  62  F.  is  10.00545 
pounds  avoirdupois;  or  10  pounds,  38.15  grains. 

One  cubic  foot  of  water  contains  6.2355  gallons  of  277.123  cubic  inches, 
or  6.23208  gallons  of  277.275  cubic  inches,  or  approximately  gallons. 
One  gallon  is  equal  to  .1604  cubic  foot 

The  volume  of  water  at  62^  F.,  in  cubic  inches,  multiplied  by  .0036^ 
gives  the  capacity  in  gallons. 

The  capacity  of  One  gallon  is  equal  to  one  square  foot,  t^o  inches  deep 
nearly  (exactly  1.924  inches);  or  to  one  circular  foot,  2^  inches  deep 
nearly  (exactly  2,45  inc  hes). 

One  ton  of  water  at  62""  F.  contains  224  gallons. 

Other  Measures  of  Water, 

Voiume  of  given  weights  of  water,  at  62.4  pounds  per  cubic  foot: — 

I  ton  :   35.90  cubic  feet. 

"cwt   1.795  »» 

1  quarter  449 

t6  cubic  foot,  or 
12  cubic  inches. 
I  ounce   1.731  „ 


 ■  ••••{,7:6;* 


I  tonne,  at  39^1  F.   35-3156  cubic  feet 

•  kUogra^me.  at  39"..  F.  {  ^.^^l^eSSfc 

I  tonne^  at  52*.3  F.  )  u-  r  ^ 

(62.rpouids  per  cubic  foot)  / 35  330  cubic  feet 

Thirty-six  cubic  feet,  or  cubic  yards,  of  water,  at  62.4  pounds  per 
cubic  foot,  being  at  the  temperature  52^3  F.,  weigh  about  one  ton  (exactly 
6.4  pounds  moieX 

One  cubic  yard,  or  twenty-seven  cubic  feet,  of  water  weighs  about 
15  cwt.,  or  ^  ton  (exactly  4.8  pounds  more).   It  is  equal  to  168.36  gallons. 

One  cubic  metre  of  water  is  equal  in  volume  to  35. 3 156  cubic  feet, 
or  1.308  cubic  yards,  or  220.09  gallons;  and  at  62.4  pounds  per  cubic  foot, 
it  weighs  X  ton  nearly  (exactly  36.3  pounds  less).    It  is  nearly  equivalent 
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to  the  old  English  tun  of  4  hogsheads — 210  imperial  gallons,  and  is  a 
better  unit  for  measufing  sewage  <x  water-supply  than  the  gallon. 
The  cubic  metre  is  gemralhr  used  <m  die  Continent  for  9^ 
A  pipe  one  yiard  long  holds  about  aa  many  pounds  of  water  as  the  square 
of  its  diameter  in  inches  (eauctly  2  per  cent  more). 

Pressure  0/  IVater, 

A  inessure  of  one  lb.  per  square  inch  is  exerted  by  a  column  of  watier 
2.3095  feet,  or  27.71  inches  high,  at  62^  F.;  and  a  pressure  of  one  atmos- 
phere, or  14.7  lbs.  per  square  inch,  is  exerted  by  a  column  of  water 
33.947  feet  high,  or  10.347  metres,  at  62"  F. 

A  column  of  water  at  62'  F.,  one  foot  high,  presses  on  the  base  with  a 
force  of  0.433  6.928  ounces  per  square  inch.    A  column  100  feet 

high  presses  with  a  force  of  43^-3  lbs.  {>er  square  inch.  A  column  one 
metre  high  presses  with  a  force  of  1.422  lbs.  per  square  inch. 

A  column  of  water  one  inch  high,  presses  on  die  base  with  a  force  of 
0.5773  ounce  per  square  inch,  or  5.196  lbs.  per  square  foot 

A  cokmm  of  water  one  mile  deep,  weighing  62.4  pounds  per  cubic  foot, 
presses  on  the  base  with  a  force  of  about  one  ton  per  sfjuare  inch  (iiesh 
water  exacdy  48  lbs.  more;  sea-water  exactly  107.5  '^s.  more). 

Water  is  hardly  compressible  under  pressure.  Experiment  appears  to 
show  that  for  each  atmosphere  of  pressure  it  is  condensed  47^  millionths 
of  its  bulk. 

Sm-waier, 

One  cubic  foot  of  average  sea-water,  at  62**  F.,  weighs  64  pounds^  and 

the  weight  of  fresh  water  is  to  that  of  sea- water  as  39  to  40,  or  as  x  to  1.028. 

Thirty-five  cubic  feet  of  sea-water  weighs  one  ton. 

One  cubic  yard  of  sea-water  wei^^hs  15 '  <  cwt.  nearly  (8  lbs.  less). 

One  cubic  metre  of  sea-water  weighs  fully  one  ton  (20  lbs.  more). 

Average  sea-water  is  composed  as  follows : — 

Per  100  pans.     Per  loo  pans. 

CMoride  of  sodium  {coonnon  salt),   2.50 

Sulphuret  of  magnesium,   0.53 

Chloride  of  magnesium,   0.33 

Carbonate  of  lime. 
Carbonate  of  magnesia, 

Sulphate  of  lime,   p.oi 


I   0.02 


Solid  matter,  say,   3.40 

Water,   96.60 

100.00 

showing  that  sea^water  contains  ^th  part  of  its  weight  of  solid  matter  in 
solution. 

According  to  R^dus,  the  mean  specific  gravity  of  sea-^ter  is  1.028.  In 
the  Mediterranean  Sea,  it  is  1.029;  in  the  Black  Sea.  1.016.  The  mean 
quantity  of  salts,  or  solid  matter,  in  solution,  is  3.44  jier  cent.,  three-fourths 
of  which  is  common  salt.  In  the  Red  Sea,  the  water  (  ontains  4.3  per  cent.; 
in  the  Baltic  Sea,  5  per  cent. ;  and  at  Cronstadt,  2  per  cent. 
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Ice  and  Snow, 

One  cubic  foot  of  ice  at  32°  F.  weighs  57.50  lbs. 

One  pound  of  ice  at  32°  F.  has  a  volume  of  .0174  cubic  foot,  or  30,067 

cubic  inches. 

The  volume  of  water  at  32"  F.  is  to  that  of  ice  at  32°  F.,  as  r.ooo  to 
1.0855 ;  the  expansion  in  passing  into  tiie  solid  state  being  above  8^  per 
cent  of  the  volume  of  water. 

The  specific  density  of  ice  is  0.92 2,  Aat  of  water  at  62**  F.  beings  i. 

The  melting  point  of  ice  is  32*  F.,  or  o**  C,  under  the  ordinary  atmos- 
pheric pressure,  of  14.7  lbs.  ])er  square  inch.  Under  greater  pressure  the 
melting  point  is  lower,  being  at  the  rate  of  •0133''  F.  for  each  additional 
atmosphere  of  pressure. 

The  specific  heat  of  ice  is  .504,  that  of  water  being  =  i. 

One  cnbic  foot  of  fresh  snow  weighs  5.20  lbs.  Snow  has  xa  times  the 
bulk  of  water,  and  its  specific  gravity  is  .0833. 

Fr€>uh  and  English  Measures  of  Water, 

One  litre  of  water  is  equal  to  0.2201  gallon,  or  1.761  pints:  about 
pints.    One  gallon  is  equal  to  4.544  litres,  and  one  pint  is  .568  litre. 

One  litre  of  water  at  39^1  or  4°  C,  the  temperature  of  maximum 
density,  weighs  one  kilogramme,  or  2.2046  lbs.;  at  the  temperature  dz"  F., 
or  16^7  C,  it  weighs  2.202  lbs. 

1000  litres  a  one  cubic  metre^  equal  to  35  3156  cubic  feet;  and,  at 
39^1  F.,  or  4*  C.y  weigh  1000  kilognunmes,  or  one  ton  nearly  (35.4  lbs.  less). 

AIR  AS  A  STANDARD. 

The  mean  j)ressiire  of  the  atmosphere  at  the  le\  cl  of  the  sea,  is  equal 
to  14,7  lbs.  per  square  inch,  or  21 16.4  lbs.  per  square  foot;  or  to  1.0335 
kilogrammes  per  square  centimetre.  This  is  called  one  atmosphere  of 
pressure.  The  following  are  measuresof  pressures  (see-also  pages  145, 1 58): — 

One  atmosphere  of  pressure: — (i.)  A  column  of  air  at  32*'  F.,  27,801  feet, 
or  about  ^yi  miles  high,  of  uniform  density  equal  to  that  of  air  at  the  level 
of  the  sea.  (2,)  A  column  of  mercury  at  32°  F.,  29.922  inches  or  76  centi- 
metres high;  nearly  30  inches.  At  62^  F.,  the  height  is  30  inches.  (3.)  A 
column  of  water  at  62"  F.,  33.947  feet  or  10.347  metres  high  :  nearly  34  feet. 

A  pressure  of  i  lb.  per  square  inch: — (i.)  A  column  of  air  at  32°  F., 
1891  feet  high,  of  uniform  density  as  above.  (2.}  A  column  of  mercury  at 
32^  F.,  2.035  inches  or  5 1 . 7  millimetres  high.  At  63*  F.,  the  height  is  2.04 
inches.   (3.)  A  column  of  water  at  62*  F.,  2.31  feet  or  27.72  inches  high. 

A  pressure  of  i  lb.  per  square  foot: — (i.)  A  column  of  air  at  32'  F.,  13.13 
feet  high,  of  uniform  density  as  above.  (2.)  A  column  of  mercury  at  32''  F., 
.0141  inch  or  .359  millimetre  high.  At  62''  F.,  the  height  is  .01417  inch. 
(3.)  A  column  of  water  at  62"*  F.,  .1925  inch  high. 

The  density,  or  weight  of  one  cubic  foot  of  pure  air,  under  a  pressure 
of  one  atmosphere,  or  14.7  lbs.  per  square  inch,  is 

At  32°  F.,    =    .080728  pound,  or  1.29  ounce,  or  565.1  grains. 

At  62°  F.,    =     .076097      „      „  1. 217    „     „  532.7  „ 

The  weight  of  a  litre  of  pure  air,  under  one  atmosphere,  at  32*  F.,  is 
1.293  grammes,  or  19.955  gi^^^ins. 
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The  weight  of  air,  compared  with  that  of  water  at  three  notable  tempernr 
titres,  and  at  52  .3,  under  one  atmosphere,  is  as  follows: — 

W&fjtA  of  water  at  32'  F.,      773.3  times  the  weight  of  air  at  32**  F. 
>»  n       39*1,  773.S7 

»f  9*  99 

ft  »       ^2  ,  77^*4        99  99  »» 

„  „      62°,  819.4       „  „  6a'. 

»»  »      S^^'St        820         „  „  „ 

The  volume  of  one  pound  of  air  at  32°  F.,  and  under  one  atmosphere  of 
pressure,  is  12.387  cubic  feet.   The  volume  at  62"^  F.,  is  13. 141  cubic  feet 

The  specific  heat  of  air  at  constant  pressure  is  .3377,  and  at  constant 
volume  .1688,  that  of  water  being  » i. 


GREAT  BRITAIN  AND  IRELAND.— IMPERIAL  WEIGHTS 

AND  MEA8URB8. 

The  origin  of  English  measures  is  the  grain  of  com.  Thirty-two  grains 
of  wheat,  dried  and  gatliered  from  the  middle  of  the  ear,  weighed  what  was 
called  one  pennyweight;  20  pennyweights  were  called  one  ounce,  and 
20  ounces  one  pound.  Subsequently,  the  pennyweight  was  divided  into 
2  4  grains.  Troy  weight  was  afterwards  introduced  by  WiUiam  die  Conqueror, 
from  Th>yes,  in  France;  but  it  gave  dissadsfoction,  as  the  troy  pound  did 
not  we^h  so  much  as  the  pound  then  in  use;  consequently,  a  mean  weight 
was  established,  making  16  ounces  equal  to  one  pound,  and  called  avoir- 
dupois (avoir  du  poids). 

Three  grains  of  barleycorn,  well-dried,  placed  end  to  end,  made  an  inch 
— the  basis  oflength.  i'he  length  of  the  arm  of  King  Henry  I.  was  made 
the  length  of  tlie  ulna^  or  ell,  which  answers  to  the  modern  yard.  The 
imperial  standard  yard  is  a  solid  square  bar  of  gun-metal,  kept  in  the 
office  of  the  Exchequer  at  Westminster,  38  inches  in  lengdi,  i  incii  square, 
at  the  temperature  62*  F.,  composed  of  copper  16  ounces,  tin  2]^  ounces, 
and  zinc  i  ounce.  TWo  cylindrical  holes  are  drilled  half  through  the  bar, 
one  near  each  end,  and  the  centres  of  these  holes  are  36  inches,  or  3  feet, 
apart — the  length  of  the  imperial  standard  yard.  Compared  with  a  pendu- 
lum vibrating  seconds  of  mean  time,  at  the  level  of  the  sea,  in  the  latitude 
of  London,  in  a  vacuum,  the  yard  is  as  36  inches  in  length  to  39.1393 
inches,  the  length  of  the  pendulum. 

Measures  of  capacity  were  based  on  troy  weight;  it  was  enacted  that 
8  pounds  troy  of  wheat,  from  the  middle  of  the  ear,  well  dried,  should 
make  i  gallon  of  wine  measure,  and  that  8  such  gallons  should  make 
I  bushel. 

The  imperial  gallon  is  now  the  only  standard  measure  of  capacity,  and  it 
contains  277.274  cubic  inches.  It  is  said  to  be  the  volume  of  10  pounds 
avoirdupois  of  distilled  water,  weighed  in  air,  at  62°  F. 

.A^A^The  exact  volume  of  10  pounds  of  distilled  water  at  62^  F.  is 
277.123  cubic  inches. 
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Tables  of  weights  and  measures  are  conveniently  classified  thus — 
I*  Length;  a.  Suiiace;  3.  V<dttme;  4.  Capad^;  5.  Weight 

The  foUowii^  aie  some  of  the  principal  units  of  measurement:— 

The  acr^^  for  land  measuie. 

The  mi/ff  for  itineiaiy  measure. 

The  yardf  for  measure  of  drapery,  &c. 

The  coomb^  for  capacity  of  com,  &C. 

The  gallon^  for  capacity  of  liquids. 

The  grairit  for  chemical  analysis. 

The  famulf  for  grooen^  wne,  &c. 

The  stone  of  8  pounds,  for  botcfaen'  meat 

The  stone  of  14  pounds,  for  flour,  oatmeal,  &c 


L  Measures  of  Length. — ^Tables  No.  la. 

* 

JJneai  Measure. 

3  barleycorns,  ix\ 

la  lines,  or         f  , 

72  points,  or        i ^ 
1000  mils  / 

3  inches   x  palm. 

4  inches   i  hand. 

9  inches   i  span. 

13  inches  i  foot 

18  inches  i  cubit 

3  feet   I  yard. 

2}^  feet   I  military  pace. 

5  feet   I  geometrical  pace. 

2  yards   i  fathom. 

51^  yards   i  rod,  pole,  or  perch. 

Z^"']  

8  foilongs,  or^ 

1760  yards,        >  i  mile 

5a8o  feet  j 

3  miles   I  league 

2240  yards,  or)   i  Irish  mile 

1.272  miles  / 

The  ifuh  is  also  divided  into  halves,  quarters,  eighths,  and  sixteenths; 
sometimes  into  tenths. 

The  hand  is  used  as  a  measure  of  the  hei|^t  of  horses. 

The  milUary  pace  is  the  length  of  the  ordmary  step  of  a  man. 

The  geometrical  pace  is  the  length  of  two  Steps.  A  thousand  of  such 
paces  were  reckoned  to  a  mile. 

The  fathom  is  used  in  soundings  to  ascertain  depths,  and  for  measuring 
cordage  and  chains. 
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7.92  inches   ^  ^   i  linL 

xoo  links,  or  \ 

66  feet,  or    I  ^. 
22  yaids,  or  f   *  unam. 

4  poles  / 

10  chains  «   I  furlong. 

80  chains,  or  ) 
8  furlongs    f -  '  ""^ 

The  7^//,  or  ivoodland  pole  or  porch,  is  18  feet 
Iht/orest  poU  is  2 1  feet 


6086.44  ^et,  or 

1000  fathoms,  or    ^  ^1  nautical  mil^ 


10  cables,  or      (  I       or  knot. 

1.1528  statute  miles 

3  nautical  miles   i  league. 

60  nautical  miles,  or  \ 

69.168  statute  miles  or  >  i  degree. 

so  leagues  j 

i  Circumfeieiiee 

360  degrees   <  of  the  earth  at 

(the  equator. 

The  above  value  of  the  nautical  mile  is  that  which  k  commonly  taken, 

and  is  the  length  of  a  minute  of  longitude  at  the  equator.  The  mean 
length  of  a  minute  of  latitude  at  the  mean  level  of  the  sea.  is  nearly  6076 
feet,  or  1.1508  statute  miles. 

The  nautical  fathom  is  the  thousandth  part  of  a  nautical  mile,  and  is,  on 
an  average,  about  ^th  longer  than  the  common  fathom. 

Ckth  Measure. 

2}l  inches  i  luni 

2  nails  I  ' 

4  nails,  or  9  inches  r 

4  quarters  1 

5  qaarters  r  dk 


Wirb-Gaugbs. 

The  "  Bmnm^ham  M^re-Gauge  is  a  scale  of  notches  in  the  edge  of  a 
plate,  of  successively  increasing  or  decreasii^  widths,  to  designate  a  set  of 
arbitrary  sizes  or  dismeters  of  wire,  ranging  mm  about  half  an  inch  down  to 

the  smallest  size  easily  drawn,  say,  four-thousands  of  an  inch.  The  przurtical 
utility  of  such  a  gauge  is  obvious,  when  it  is  considered  how  far  beyond  the 
means  supplied  by  the  graduations  of  an  ordinary  scale  of  feet  and  inches 
is  the  measurement  of  the  gradations  of  the  wire-gauge.  But  the  "Birming- 
ham Wire-Gauge"  is  a  variable  measure.  The  principle,  if  there  was  any, 
on  which  it  was  originally  constructed,  is  not  known.  Ifr.  T^i^m*»  Claik 
states  that,  when  plotted,  the  widths  of  the  gauge  range  in  a  curve  approod- 
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mating  to  a  logarithmic  curve,  such  as  would  be  found  by  the  successive 
addition  of  lo  or  12  per  cent,  to  the  width  of  the  notches  of  the  gauge. 
However  that  may  be,  there  are  many  varieties  of  the  wire-gauge  in  existence. 
The  oldest  and  best-known  gauge  is  that  of  which  the  numbers  were  caie- 
luUy  measured  by  Mr.  Holtzapffel,  and  published  by  bim  in  1847.  It  has 
heatf  and  still  is,  widely  ibllowed  in  the  manufiKtare  of  wire;  snd  also  of 
tubes  in  respect  of  their  thickness^  It  gives  40  measurements  ranging  from 
.454  inch  to  .004  inch,  and  is  contained  in  Table  Na  13.  Although 
there  are  only  40  marks  in  the  table,  there  are  60  different  sizes  of  wire 
made,  for  which  intermediate  sizes  have  been  added  to  the  gauge.  This 
table  has  also  been  used  in  rolling  sheet  iron,  sheet  steel,  and  other 
materials,  and  for  joiners'  screws;  but  it  appears  to  be  falling  into  disuse 
for  ttese  purposes. 

BiiunvGH«M  WiRSrGkVGH  (^«ARs^4)^Tab]e  No.  13. 


For  Viw  and  Tubes  chiefly;  and  for  Sheet  lion  and  Steel  foaneily. 


Mark. 

SiMk 

llMlb 

TTo. 

Inch. 

No. 

Inch. 

No. 

Inch. 

No. 

Inch. 

0000 

.454 

7 

.180 

.058 

27 

.016 

000 

.425 

8 

.165 

18 

.049 

38 

.014 

00 

.380 

9 

.148 

19 

,043 

39 

.013 

0 

.340 

10 

.134 

SO 

•035 

1  30 

.oza 

I 

.300 

1 1 

.120 

2-1 

.032 

31 

.010 

2 

.284 

12 

.109 

22 

.028 

32 

.009 

3 

•259 

13 

.095 

23 

.025 

33 

.008 

4 

.238 

14 

.083 

24 

.022 

34 

.007 

5 

.220 

15 

.072 

25 

.030 

35 

.005 

6 

.203 

16 

.065 

26 

.018 

36 

.004 

Birmingham  MetaltGauge,  or  Plate-Gauge  (Eoltza^ifferi), 

Table  No.  14. 

For  Sheet  Metals,  Brass,  Gold«  Silver,  &c 


Mali. 

^  Maik. 

Size. 

Mark. 

Sixe. 

Mark. 

Siae. 

Na 

Inch. 

No. 

Inch. 

No. 

Inch. 

No. 

Indi. 

I 

.004 

10 

.024 

19 

.064 

28 

.120 

a 

.005 

1 1 

.029 

20 

.067 

29 

.124 

3 

.008 

12 

•034 

21 

.072 

30 

.126 

4 

13 

.036 

22 

.074 

31 

.133 

5 

14 

.041 

23 

.077 

32 

.143 

6 

.0X3 

15 

.047 

«4 

.083 

S3 

•145 

7 

.015 

16 

25 

•095 

34 

.148 

8 

.016 

17 

.057 

26 

•103  ' 

35 

.158 

9 

.019 

.061 

a; 

.113  i 

36 

.167 

Another  of  HoltzapffeVs  tables,  No.  14.  the  Flak-Gauge^  has  been,  and 
may  now,  to  some  extent,  be,  employed  for  most  of  the  sheet  metals,  except* 
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Lancasrirb  Gauge  {BoHzapffeTsy—TzbXt  No.  15. 


For  Round  Steel  Wire,  and  for  Pinion  Wire. 


Mark. 

mmm  Wn  Sm 

Siza 

Mark 

Mark. 

Mark 

1 

Sim 
01X6. 

No. 

Inch. 

No. 

Inch. 

No. 

Inch. 

No. 

Inch. 

No. 

Inch. 

80 

.013 

57 

.042 

34 

.109 

II 

.189 

M 

.295 

79 

.014 

56 

.044 

33 

.III 

10 

.190 

N 

.302 

78 

.015 

55 

.050 

32 

.lis 

9 

.191 

0 

.316 

77 

.016 

54 

•055 

31 

.ZI8 

8 

.192 

P 

•323 

76 

.018 

53 

.058 

30 

.125 

7 

Q 

•33« 

75 

.019 

S« 

.060 

29 

•  134 

6 

.198 

R 

•339 

74 

.022 

SI 

.064 

28 

.138 

5 

.201 

S 

.348 

73 

.023 

50 

.067 

27 

.141 

4 

.204 

T 

.358 

72 

.024 

49 

.070 

26 

.143 

3 

.209 

U 

.368 

71 

.026 

48 

•073 

25 

.146 

2 

.219 

V 

•377 

70 

.027 

47 

.076 

24 

.148 

I 

.227 

w 

.386 

69 

.029 

46 

.078 

23 

.150 

A 

.234 

X 

•397 

68 

.030 

45 

.080 

22 

.15a 

B 

.238 

Y 

.404 

67 

.031 

44 

.084 

21 

•157 

C 

.242 

z 

•413 

66 

.032 

43 

.086 

20 

.160 

D 

.246 

Ai 

.420 

65 

sJ 

•033 

42 

.001 

y 

19 

.164 

E 

.250 

Bi 

64 

.034 

41 

•095 

18 

.167 

F 

.257 

Ci 

.443 

63 

■035 

40 

.096 

17 

.169 

G 

.261 

Di 

•452 

62 

.036 

39 

.098 

16 

.174 

H 

.266 

Ei 

.462 

61 

.038 

38 

.100 

15 

.175 

I 

.272 

Fi 

•475 

60 

.039 

37 

.103 

14 

.177 

J 

.»77 

Gz 

.4*4 

59 

.040 

.105 

13 

.180 

K 

.281 

Hi 

.494 

5« 

.041 

35 

.107 

12 

.185 

L 

.290 

ing  iron  and  steel :  as  copper,  brass,  gilding- metal,  gold,  silver,  and  platinum. 
The  intervals  are  closer  or  smaller  than  those  of  the  wire-gauge,  ajid  the 
maximum  size,  for  No.  36,  is  ^6  inch.  When  thicker  sheets  are  wanted^ 
their  measures  are  sought  in  the  Birmingham  wire-gauge. 

The  last  table,  No.  i5>  by  Holtpipfiel,  the  LsmeasMre  Gtoige^  is  employed 
exclusively  for  die  bright  steel  wire  prepared  in  Lancashire,  and  the  steel 
pinion-wire  for  watch  and  clock  makers.  The  larger  sizes  are  marked  by 
capital  letters,  to  distinguish  them  from  the  others.  This,  the  second  part 
of  the  table,  is  kno^\'n  as  the  Letter-Gauge. 

Needle- Gauge,  for  needle  wire.  The  sizes  correspond  with  some  of  those 
of  the  Holtzapflel  wire  gauge.  The  following  are  the  relative  marks  for 
equal  sizes  on  the  two  gauges : — 

Needle  wire -gauge — Nos.  i,  2,  2^/^,  3,  4,  5,  thence  to  21, 
corresponding  to  B.  W.-G. — 18>^,  19,  19)^,  20,  21,  22,  thence  to  38. 

Music  Wire-gaugje^  for  the  strings  of  pianofortes.  The  marks  used  are 
Nos.  6  to  20.  The  following  are  ue  relative  marks  for  equal  sizes  with  the 
Holtzapffel  wire-gauge : — 

Mu.sic  wire-gauge — Nos.  6,  7,  8,  9,  10,11,  12,14,16,18,20, 
corresponding  to  B.  W.-G. — 26,  25^,  25,  24^4.  24,  23^4,  23,  22,  21,  20,  19. 
No.  6,  the  thinnest  wire  now  used,  measures  about  one  fifty  lifth  of  an  inch 
in  diameter,  and  No.  20  about  one  twenty-fifth  of  an  inch. 
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The  preceding  Tables  of  Gauges  have  been  extracted  from  Holtzapfifel's 
estimable  work  on  Turning  and  Mechanical  Alanipulatiofi,  1847. 

Messrs.  Rylands  Brothers,  of  Waihngton,  manufacture  uon  wire  accord- 
ing to  the  gauge  in  Table  Na  16. 


Warrington  Wirb-Gavoe  {Rylands  Brokers), — Table  No.  16. 


Maik. 

Mmrk. 

Sin.  1 

Ifaik. 

KMk. 

No. 

Inch. 

No. 

Inch. 

No. 

Inch. 

Na 

Inch. 

7/0 

1/2 

0 

.326 

8 

.XS9 

.069 

6/0 

15/32 

X 

.300 

9 

.146 

16 

.o6as,  or 

5/0 

7/16 

2 

.274 

TO 

•133 

17 

.053 

4/0 

13/32 

3 

•25,  or  % 

io>4 

.i25,or>4 

18 

.047 

3/0 

3/8 

4 

.229 

I  I 

.117 

19 

.041 

2/0 

n/32 

5 

.209 

12 

.10,  or  Vio 

20 

.036 

6 

.191 

13 

.090 

21 

7 

,  .174 

14 

.079 

22 

.038 

For  sheets,  the  wire-gauge  that  seems  to  be  adhered  to  by  the  iron-sheet 
ToUeis  of  South  StaiSbidshire,  is  a  scale  comprising  3s  measurements,  ranging 
from  .3125  inch  to  .0135  indi,  contained  in  Table  Na  17. 


Birmingham  Wirx-Gauob.*— Table  No.  17. 


For  Iron  Sheets  chiefly. 


Ma 

Siat. 

Mo. 

Mo. 

Siaa. 

Ma 

Sin. 

Inch. 

Inch. 

Inch. 

Inch. 

I 

.3125(5/16) 

9 

.  15625  W3») 

17 

.05625 

25 

.02344 

3 

.38135 

10 

.  140625 

18 

•05  ('/«.) 

26 

.021875 

3  - 

•as    (M)  " 

."5  W 

19 

.04375 

37 

.030313 

4 

.234375 

12 

.1135 

20 

•0375 

38 

.01875 

5 

.21875 

13 

.10  ('/««) 

21 

.034375 

29 

.01719 

6 

.203125 

14 

.0875 

22 

.03125(732) 

30 

.015625 

7 

.1875  0/16) 

15 

.075 

23 

.028125 

31 

.01406 

8 

•171875 

16 

.0625  ('Ae) 

24 

•025  {'/40) 

32 

1 

•0125  C/so) 

Sir  Joseph  WTiitworth,  in  1857,  introduced  his  Standard  Wire-Gauge, 
ranging  from  a  half  inch  to  a  thousandth  of  an  inch,  and  comprising  62 
measurements,  as  given  in  Table  No.  18.  It  commences  with  the 
smallest  size,  and  increases  by  thousandths  of  an  inch  up  to  half  an  inch. 
The  snudlest  size,  Vioootfa  of  an  inch,  is  No.  i ;  Na  3  is  Vioooths  of  an  indi, 
and  so  on,  increasing  up  to  No.  30  by  intervals  of  '/loooth  of  an  inch;  from 
No.  20  to  No.  40  Vioooths;  from  No.  40  to  No.  100  bys/,oeajths  of  an 
inch.  The  sizes  are  designated  or  marked  by  their  respective  values  in 
thousandths  of  an  inch. 

The  Standard  Imperial  Wire  Gauge  came  into  force  on  the  ist  March, 
1884.    It  supersedes  other  gauges,  which  are  rendered  illegal 
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Sir  Joseph  Whitwojlth  &l  Co.'s  Standard  Wire-Gauge. — Table  No.  i8. 


r  ■■ 

1 

j 

aba. 

1 

Mnk. 

No. 

Inch 

'  No. 

Inch. 

No. 

Inch. 

;  No. 

Inch. 

I 

.OO  1 

17 

.017 

.055 

200 

.200 

on  9 

«Ww  A 

18 

II 

49A 

9  90 

o 

Of)  7 

in 

6t; 

.06  c 

4 

«w 

70 

AtA 

9Aa 

■  •W 

5 

.005 

99 
* 

75 

•075 

A 
u 

, 

fin 

300 

9fV\ 

7 

26 

1  9  C 
325 

1  9  C 

•3'*0 

fi 

O 

zo 

90 

350 

•35° 

9 

30 

.030 

95 

•095 

t  r* 

375 

•375 

lO 

.010 

32 

.032 

100 

.100 

400 

.400 

II 

.011 

34 

•034 

110 

.110 

425 

.425 

12 

.012 

36 

-036 

120 

.120 

450 

.450 

13 

.013 

3» 

.038 

ns 

.135 

475 

.475 

14 

.014 

40 

.040 

150 

.150 

500 

.500 

IS 

•015 

45 

.045 

165 

.165 

i6 

.016 

50 

.050 

180 

.180 

Standard  Imperial  Wirb^jAuge. 
TsMe  No.  19. 


ICwIb 

Mwk. 

SbB. 

Vo 

.500 

16 

.064 

38 

.0060 

.464 

17 

.056 

39 

.0052 

.432 

18 

.048 

40 

.0048 

.400 

19 

.040 

41 

.0044 

3/0 

•/• 

.37a 

20 

.036 

42 

.0040 

.348 

21 

.032 

43 

.0036 

0 

•3*4 

22 

.028 

44 

.0032 

I 

.300 

23 

.024 

45 

.0028 

2 

.276 

24 

.022 

46 

.0024 

3 

.252 

25 

.020 

47 

.0020 

4 

.232 

26 

.018 

48 

.0016 

5 

.212 

27 

.0164 

49 

.0012 

6 

.192 

28 

.0148 

.0010 

7 

.176 

29 

•0136 

8 

.160 

30 

.0124 

9 

.144 

31 

.0116 

10 

.128 

32 

.0108 

1 1 

.n6 

33 

.0100 

12 

.104 

34 

.0092 

13 

.092 

35 

.0084 

14 

.080 

36 

.0076 

IS 

•P7a 

37 

0068 
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Inches  avd  their  Eqiotalent  Decimal  Values  in  Patib  of  a  Foot. 

— Table  No.  20. 


z. 
a 

3* 
4 

5- 
6 

7. 
8 

9. 

10 

21. 

19 


'A 

t 
f 


13- 


II 


I 

V. 

v.. 


Foot. 


-0833 
.1667 

.25 
.4167 

.5833 
.6667 

•75 

•«333 
^167 
i.o 


FkACTiONAL  Parts  op  an  Inch,  and  their  Dbciiial  EQUiyALENXs.- 

TablesNo.  8I. 

Eighths. 


Eighths. 


I. 
2 

3- 

4 

5* 
6 

7. 

8 


Fractions. 


V. 

■A 

I 


Tmelfths. 


3..... 
3 

4.... 

5 

6  

7 

8.... 
9 

10.... 

11 

12.... 


V. 

^« 

'A. 
■A 

v.. 


IS 


n 


Inch. 


375 
5 

625 

75 
875 


1.0 


Inch. 


•08333 

."5 
.16667 

.25 

•33333 
.41667 

.5 

•58333 
.66666 

•75 

.83333 
.91667 
1.0 
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Sixtemikt  and  T1iiriy-u(mids,'^i3^  Na  %\  (amimmi\. 


lach. 

I 

/16 

3 

I 

* 

*/3»  ••• 

.062  c 

•/• 

4. 

2 

••• 

.I2t: 

C 

.1  t;62q 

6 

7/- 

3/  X 

7 

U 

.31875 

8 

0 

.88l3< 

/«6 

1 1 

V. 

12 

6 

13/ 

... 

.40621: 

/ 

'lit 

3 

16 

/» 

17 

>7/ 

18 

0 

y 

>9/ 

V«6 

10 

*/• 

20 

10 

2 1 

.6^62^ 

22 

If 

/«6 

.687S 

2"? 

.71875 

2A. 

19 

•5/3.  ... 

•  /  J 

*D 

86 

13 

•7/3,  ... 

.8135 

27 

.84375 

28 

14 

»9/3,  ... 

'/• 

.875 

29 

«/.« 

.90625 

30 

15 

3./,.  ... 

.9375 

31 

16 

.96875 

32 

I 

I.O 

II.  Mbasurbs  of  Surface.— Tables  No.  sa. 

144  square  inches,  or  7 
183.35  drcuUur  inches  ) 

9  square  feet  

TOO  square  feet  

272 square  feet,  or  ) 
square  yards  j 

The  sputre  is  used  in  measuring  flooring  and  roofing. 
The  lid  is  used  in  measuring  Ixrick-work. 
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I  square  foot 

I  square  yard. 
I  square. 

I  rod. 
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Builder^  Measurement, 

I  superficial  part  i  sijuaie  inch. 

la  parts  "  i  inch "(i 2  squaie laches). 

la  "  inches"  i  aquare  foot. 

This  table  is  employed  in  the  superficial  or  flat  measure  of  boards,  glass, 
stone,  artificers'  work,  &c. 

9  square  feet   i  square  yard. 

30><«iua.eyax<U  {  '  tS^r^ 

16  (quaie  pole*  i  tqnne  diain. 

40  square  po^  or )    ^ 

laio  square  yards  / 
4  roods,  or 
10  square  chains,  or 
160  square  poles,  or 
4,840  square  yards,  or 
43,560  square  feet 

lflVi%  ISi^%ls  }  '  "l""'^  ""'^ 

30  acres   1  yard  of  land. 

ICQ  acres   i  hide  of  land. 

40  hides   I  barony. 

*  The  side  of  a  square  bavi^g  an  axca  of  one  acre  it  equal  to  69.57  lineal  yards. 


>    I  acre.* 


IIL  MiASUW  or  VoLUMS.— Tables  Na  34. 

SeM  w  CiAUMmuri, 

1728  cubic  inches  \ 
a30o.i5  cylindrical  inches  (    i  cuhk  foot 

3300.23  spherical  inches  C 
6600.45  conical  inches  ) 

27  cubic  feet   i  cubic  yard,  or  load. 


35.3156  cubic  feet,  or  )  ^  ^^^j^ 

1.308  cubic  yards  / 


metre. 


Not^.—Tt^  munben  of  cylindrical,  tpberica],  and  conical  inches  in  a  cubic  foot,  are 
If  i'5t  3- 

Builder^  Measurement, 

I  solid  part   12  cubic  inches. 

1 2  solid  parts   i  "  inch  "  ( 1 44  cubic  inches). 

13  "inches"  i  cubic  foot 

This  table  is  used  in  measuring  square-sided  timber,  stone,  &c 
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NcU, — The  cubic  conteati  of  a  pifice, 
6  indies  square  and  4  feet 

1  ,  n  $  n 

B}6       „         s  „ 

I 


12 

«4 


99 

rt 

f9 
9t 


I 

X 


M 

n 
w 


is  z  cubic  foot 
t 
z 
z 

3 

4 


9> 
9> 
f> 
»9 
ft 


DicncAL  Parts  op  a  Square  Foot,  in  Square  Inches.— Table  Na  33. 


Ifniwitwitk 
oiiixiivaui. 

n  UTicircvivn 

xiimurcuixi 

Puts. 

Inches. 

Farts. 

Inches. 

Parts. 

Inches- 

Paru. 

Inches. 

I 

1.44 

26 

37-4 

SI 

73-4 

76 

100.4 

✓  • 

2  ' 

4-33 

27 

38.9 

52 

74-9 

77 

IIO.Q 

3 

38 

40-3 

53 

76.3 

7« 

IZ3.3 

4 

29 

41.8 

54 

77.8 

79 

1 13.8 

5 

7.20 

30 

43*2 

55 

79.2 

80 

115. 2 

6 

8-64 

44.6 

56 

80.6 

81 

I16.6 

7 

10. 1 

46.  T 

57 

82.1 

82 

u8.i 

8 

33 

47-5 

58 

83.5 

83 

9 

13.0 

34 

49.0 

59 

85.0 

84 

1 21.0 

zo  • 

14.4 

35 

50-4 

60 

86.4 

85 

122.4 

zz 

IS.8 

36 

51.8 

6z 

87.8 

86 

123.8 

*7»3 

37 

53-3 

09.3 

57 

135.3 

13 

Z8.7  [ 

3« 

54-7 

63 

90.7 

88 

126.7 

14 

20.2 

39 

56.2 

64 

92.2 

89 

128.2 

15 

21.6 

40 

57-6 

65 

93-6 

90 

129.6 

16 

23.0 

41 

58-0 

66 

950 

91 

131.0 

17 

245 

42 

60.5 

67 

96.5 

92 

1325 

18 

259 

43 

61.9 

68 

97-9 

93 

1339 

19 

27.4 

44 

63.4 

69 

99.4 

94 

135-4 

so 

38.8 

45 

64.8 

70 

Z00.8 

95 

136.8 

3Z 

30.3 

46 

66.2 

71 

Z02.3 

96 

i38.a 

32 

3^-7 

47 

67.7 

72 

103.7 

97 

1397 

23 

33- 1 

48 

69. 1 

73 

105. 1 

98 

141. 1 

24 

34-6 

49 

70.6 

74 

106.6 

99 

142.6 

25 

36.0 

50 

72.0 

75 

108.0 

j  100 

1  I44-0 

IV.  Measures  op  Capaciit.— Tables  No.  35. 

JJguid  Measure, 

8.665  cubic  inches  i  gill  or  quartern. 

4  gills  (34.659  cubic  inches)  z  pint 

3  pints  ^  z  quart 

3  quarts   z  pottle. 

4  quarts,  or  8  pints  (377.374  cubic  inches).....  z  gallon. 


6.3355  gallons  

The  barm-gKUm^  fa  att,  is  equi  to  a 


z  cubic  foot 
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Dry  Mmsure. 

2  pints   I  quart. 

4  qiiarts   i  gallon. 

3  gallons  I  peck. 

8  gaUons^']  (^-^^366  cubic  feet)   i  bushel 

2  bushels....,,^   I  strike. 

4  bushels   i  coomb. 

5  bushels   I  saclc 

8  bushels  ,        i  quarter. 

4  quarters  (41.077  cubic  feet)   i  dialdron. 

5  quarters  i  wey  or  load. 

2  k>ads  I  last 

In  the  Weights  and  Measures  Act  of  1878,  it  is  only  declared  that  the 
Imperial  Standard  Gallon  contains  10  pounds  of  ivmter  at  and  that 

8  gallons  shall  be  a  bushel  Assuming  that  i  cubic  inch  of  water  weighs 
252.458  grains,  the  Imperial  Standard  Gallon  has  a  capacity  of  377.27584 
cubic  inches,  or,  say,  277.274  cubic  inches,  as  before  announced,  page  125. 

The  Imperial  Standard  bushel,  which  is  equal  to  8  gallons,  has  a  capacity 
of  2218. 19072  cubic  inches.  The  Lntemal  diameter  of  the  standard  bushel, 
1 7.8  inches,  is  double  its  internal  depth,  8.9  inches.  Heaped  measure,  which 
was  used  for  such  goods  as  could  not  be  stricken — as  coah>,  potatoes,  fruit, 
is  now  legally  abandoned.  Coals  are  sold  by  weight;  and  fior  other  found 
goods,  the  measure  is  filled  level  with  the  brim  as  neariy  as  is  practicable. 
The  Market  Garden  bushel  is  made  large  enoudi  to  hold  as  much  fridt  as 
the  heaped  bushel  held,  filled  level,  so  as  to  pad  <me  (m  another. 

Coal  and  Coke  MMSurt, 

5  bushels        — •   I  sadL 

9  bushels   I  Tat 

36  bushels,  or  12  sacks  (58.66  cubic  feet)  i  chaldron. 

5J^  chaldrons.   i  room. 

21  chaldrons   i  score. 

Old  Wku  and  Spirit  Meamr, 

4  gjlls  or  quarterns  i  pint 

a  pints   I  quart 

4  quarts  (231  cnbic  inches)   i  gallon  .8333 

10  gallons    I  anker  =  8.333 

18  gallons   I  runlet  =  15. 

31  >^  gallons   I  barrel  =  26.250 

42  gallons   I  tierce  =  35. 

^^&^^}   '^^^  =5-5 

^fP^^'^'l    1  puncheon  =  70. 

I V3  hogsheads  I  *^  ' 

126  gallons,  or  \ 

2  hogsheads,  or  >  •«  i  pipearbttU=  IQ^, 


Ij^  puncheons 

2  pipes,  or 

3  puncheons 


^P^lP^jor   I   «»fa 
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By  this  metsuie  wines,  spirits,  cider,  peiry,  mead,  vinegar,  oil,  &c.,  aie 
measured;  but  the  contents  of  every  cask  are  reckoned  in  imperial  gallons 
when  sold  The  imperial  gallon  is  one-fifth  laiger  than  the  old  wine 
gallon. 


a  puts  I  qwurt   

4  quarts  (aSa  cubic  indies)              i  gallon  =  2.017 

9  gallons                                     I  Krkin  s  9-153 

a  firkins,  or  18  gallons  i  kilderkin  b  18.306 

38™::.^}  -  36.6X. 

The  imperial  gallon  is  one«itiedi  smaller  than  the  old  beer  gaUon. 

Apifthecaric^  Fluid  Measure. 

60  minims  (ni)   i  fluid  diachm  (/  5). 

%  drachms  (water,   1.7-12  cubic)      «  /  ^  •v 

inches,  I  «  ftnd  ««ce  (f  I). 

20  ounces   1  pint  (  °  )• 

8  pints  (water,  70,000  grains)   i  gallon 

1  drop  I  grain. 

60  drops  I  drachm. 

4  drachms  i  tablespoonfuL 

2  ounces  (water,  875  grains)   i  wineglassfuL 

3  ounces  i  teacupful. 


V.  Mbasurbs  of  WBiGHT.^Tables  Na  26. 

Avoirdupois  Weight, 

ms,  or  t 

437  >^  grains 


16  drachms,  or  I    ,  ^ 

^      >  I  oimce  {02.). 


m 


I   t  pound  (imperial)  (i^.). 


16  ounces,  or 
7000  grains 

8  pounds   I  stone  (London  meat  market). 

14  pounds  I  stone. 

38  pounds,  or  )  /  v 

4  quarters,  or  ) 

8  stones,  or     >  i  hundredweight  (aift,), 

112  pounds  ) 
20  hundredweights   i  ton. 

The  ^(;rain  above  noted,  of  which  there  are  7000  to  the  pound  avoirdupois, 
is  the  same  as  the  troy  grain,  of  which  there  are  5760  to  the  troy  pound. 

Hence  the  troy  pound  is  to  the  avoirdupois  pound  as  i  to  1.2 15,  or  as 
14  to  17. 
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Hie  troy  ounoe  »  to  die  avoodupoit  oanoe  as  480  grains,  the  weight  of 
the  fomer,  to  437  >^  grains,  the  wdgjht  of  the  latter;  or^as  i  to  .9115. 
In  Wales,  the  iron  ton  is  ao  art  of  lao  Iba  each. 

Troy  Weight. 

24  grains   i  pennyweight(^tt^.). 

^op^yw«ghU.orJ  

25  pounds  I  quarter. 

4  quarters,  or  100  pounds  i  hundredweiight. 

By  troy  weight  are  wei^^ied  gold,  silver,  jewels,  and  such  liquofs  as  are 
sold  by  weight 

Diamond  WaghL 

I  diamnod  giain   0.8  troy  grain.  ^ 

I  carat  4  diamond  graina 

15)^  carats  i  troy  ounce. 


The  revised  table  of  weights  of  the  British  Pharmacopeia  is  as  follows: 
it  is  according  to  the  avoirdupois  scale : — 

437/4  grains   i  ounce. 

16  ounces   i  pound. 

In  the  old  table  of  Apothecaries'  Weight,  superseded  by  the  preceding 
table,  the  troy  sode  was  followed,  tfnis:— 


Oid  ApaUucttriei  H^^gAi, 

sogndns  x  scruple  (3). 

6^^°'} .drachm  (5). 

^^r"}  

1 2  ounces,  or  )  ,        j  /a  \ 

5760  grains       / ' 

Wa^rfCurrmi 


10 


I  farthing,      .8  inch  diameter,   '/lo  ounce. 

I  halQ[>enny,  i.o         „    Vs 

I  penny,      i.a         „    V3 

X  tfareq[>eiiny  piece   Vm 

I  fourpenny  piece   Vis 

I  sixpence   Vi 

I  shilling   '/j 

I  florin   •y^ 

I  half-crown   »/, 

5  shillings  or  10  sixpences  i 

X  sovereign   '/4  ounce,  fully. 

For  the  exact  weight  in  grains  of  these  coins,  see  Table  of  British  Money. 
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14  pounds   I  stone. 

28  pounds   I  quarter  hundredweight 

56  pounds  I  half  hundredweight 

8&poaBd8>  I  bnsheL* 

I  sack,  of  119  pounds  i  hnndiedwdgbc 

I  double  sack,  of  224  pounds*..  9  hundredwe^ltts, 

20  hundredweights,  or  I  ^  tonf 
10  double  sacks          /  ' 

2634  hundredweights..^  «...  i  chaldron  (Ix>n<lon). 

53  hundredweights   i  dialdron  (Newcasde). 

7  tons  ~   I  rooiu. 

21  tons  4  cwt  I  baige  or  ked. 

*  Sundry  Bus  kef  Measures . 

I  Cornish  bushel  of  coal  is  90  or  94  pounds ;  hcapeci^  lOl  pounds. 
I  Wdsh  bi^hd,  average  weight  93  pounds. 

I  Newcastle  bushel  is  80  or  84  pounds,    Bndkf  MaiiH  98j^  poOMll* 

I  London  bushel,  80  or  84  pounds. 

f  In  Wales  the  miaez&'  coaL'tOB.ift  ai  cut.  of  120  lbs.  each. 

7  pounds   I  doie 

a  doves,  or  14  pounds... i  stOBt. 

aslODea  i  tod. 

6}i  tods  «  ^  1  wey. 

2  weys   I  sadc 

la  sacks,  or  39  hundredweight   i  last. 

12  score,  or  240  pounds....^....-  i  padL 

Bl^andSiraw  Wdght. 

I  truss  of  straw   36  pounds. 

I  load  of  straw   11  hundredweights,  64  pounds. 

I  trass  of  <rfd  hay   56  pounds^ 

I  load  of  old  hay   18  huadredveight 

I  cnbie  yard  of  old  hay   15  stone. 

I  truss  of  new  hay   60  pounds. 

I  load  of  new  hay  19  hundredweights,  3a  pounds. 

I  cubic  yard  of  new  hay   6  stone. 

C9m  imdFhur  Wdght. 


I  peck,  or  stone  of  flour. 

14  pounds. 

I  boll 

- 140  „ 

I  sack 

=  280  „ 

I  barrel 

=  19^  » 

60  „ 

47  t» 

40  » 

Six  hnslids  of  wheat  thouid  ytdd  one  sack  of  flour;  i  last  of  com  is  80  bushds. 
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Miscellaneous  Tables. — ^No.  27. 

Whaimads  Draauing  Papers, — Sius  of  Sheets, 

Antiquarian   55  inches  long^  .^x 

Doubl&€lephant  40  „  97 

Atlas  •              34  ^  a6 

Coiombier                   34  ^  23 

Imperial                       30  „  22 

Elephant                     28  23 

Super-royal                  27  „  19 

Royal                      23  „  19 

Medium.                  aa  ^  17  9 

Deny                     20  „  15 

CmmatiMl  Numbin  ami  SMwury, 

12  articles   i  dozen. 

13  articles   x  long  dozen. 

12  dozen   i  gioss. 

30  arddea  ^          i  sem 

5  scofe   I  common  hundiad. 

6  score  ^   i  great  bundled 

30  deals   I  quarter. 

4  quarters   i  hundred. 

24  sheets  of  paper   i  quire. 

floquixea.   x  xeam. 

21  ji  quires  *   i  pxiDtni^  iCBai. 

5  dozen  sfcms  of  parciunent   1  xolL 

Musmes  rdaihig  to  Bmidrnf* 

Load  of  timber,  unhewn  9r  rougk.          40  cubic  feet. 

Lo«i,h«waor«pu«d  { 

Stack  of  wood   xoft  cobic  feet 

Cord  of  wood   xa8  „ 

(In  dockyards,  40  cubic  feet  of  hewn  timber  are  reckoned  to  weigb 

20  cwt 50  cubic  £set  isa  load.) 

100  superficial  feet   i  square. 

Hundred  of  deals   120  deals. 

Load  of  r-inch  plank   600  square  feet 

(Load  of  plank  more  than  x4nch  thicks 600 4- thickness  in  inches. 

Plaidcs,  section   xx  by  3  inches. 

Deals,  section   9  by  3  „ 

Rittens,  section   7  by  25^  „ 

A  reduced  deal  is  ij^^  inches  thick,  11  inches  wide,  and  12  ieetlong. 

Bundle  of  4  feet  oak-heart  laths   120  laths. 

Load  of         „  „    37^  bundles. 

Bundle  of  5  feet  oak-heart  laths   100  laths. 

Load  Of        if  n    3**  boftdles. 
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Load  of  statute  bricks   50a 

Load  of  plain  tiles  1000. 

Load  of  lime   32  bushels. 

Load  of  sand   36  ^ 

Hundred  of  lime   35  „ 

Hundred  of  nails,  or  tacks   120. 

Thousand  of  nails,  or  tacks  1200. 

Fodder  of  lead   19^  cwt 

Sheet  lead   6  to  xo  pounds  per  sq.  ft. 

Hundred  of  lead   iia  poiUKU. 

Table  of  glass   5  feet 

Case  of  glass   45  tables. 

Case  of  fflass   /  (Newcastle  and  Normandy 

*  i       glass,  25  tables). 

Stone  of  glass   5  pounds. 

Seam  of  glass   24  stone. 


Sundry  Commerdal  Measures. 


Dicker  of  hides   10  skins. 

Last  of  hides   20  dickers. 

Weigh  of  cheese   256  pounds. 

Barrel  of  herrings   26  V3  gallons. 

Cian  of  herrings   37)^  „ 

Pocket  of  hops   to  s  cwt 

Bag  of  hops   3^  cvrt,  nmly. 

Last  of  potash,  cod-fish,  white  her- )        .  , 

rings,  meal,  pitch,  tar  /  " 

Barrel  of  tar   26^  gallons. 

Barrel  of  anchovies   30  pounds. 

Barrel  of  butter   224  „ 

Banel  of  candles  lao 

Baiiei  of  turpentine   a  to  t%  cwt 

Barrel  of  gunpowder   100  pounds. 

Last  of  gunpowder   34  barrels. 

Measures  for  Ships, 

I  ton,  displacement  of  a  ship,   35  cuImc  feet 

I  ton,  registered  internal  capacity  of  da,   100  do. 

I  ton,  shipbuilders'  old  measurement,   94  do. 


Comparison  of  Compound  Units. — ^Tables  No.  28. 


Measures  of  VeheUy. 

'-««p«»-  {siffiJi'^r^r'- 

I  knot  per  hour   1.688  feet  per  second. 

I  foot  per  second   .682  mile  per  hour. 

X  foot  per  minute   .01 136  mile  per  hour. 
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GREAT  BRITAIN  AND  IRELAND. — COMPOUND  UNITS.  I4S 
Jfmsunt  of  Volume  and  Time. 
I  cubic  foot  per  second.   [    ^-"^  ^"^'^  y^^^  P^'' 

I  '33-333  cubic  yards  per  hour. 

I  cubic  foot  per  minute   2.222  cubic  yards  per  hour. 

I  cubic  yard  per  hour   .45  cubic  foot  per  minute. 

I  cubic  inch  per  second   /  cubic  foot  per  hour. 

\  12.984  gailoiis  per  hour. 

I  gallon  per  second   569.x  34  cubic  feet  per  hour. 

J  gallon  per  minute   9.485  cubic  feet  per  hour. 

Measures  of  Pressure  and  Weight,   (See  also  page  127.) 

i  144  lbs.  per  square  foot 
X  lb.  per  square  inch  <  1296  lbs.  per  square  yard. 


I  atmosphere  (14.7  IbSi  per 
square  inch)  


I  lb.  per  square  foot 


.5786  ton  per  square  yard. 
8.503  ton  per  square  yard. 


i 


.00694  lb.  per  scjuare  inch, 
.nil  ounce  per  scjuare  inch. 
.0804  cwt  per  square  yard, 

I  lb.  per  square  inch   [      ^'''^V',^^  ""K  mmx^xy  at  32<»  F. 

^     ^  \      2.308  feet  of  water  at  52^3  F. 

1  inch  of  mercury  at  32'>F.   [  -491  jb.  per  square  inch. 

'     ^         I  1. 133  feet  of  water  at  ^2''.3  F. 

I  -4333  ^t).  per  square  mch, 

I  foot  of  water,  at  52^.3  F. ..  <  62.4  lbs.  per  square  foot. 

I  .8823  inch  of  mercury  at  32*  F. 

Measures  of  Weight  and  Volume, 

{405. 1  grains  per  cubic  inch. 
.926  ounce  per  cubic  inch. 
24.107  cwt.  per  cubic  yard. 
1.205  tons  per  cubic  yard. 

I  grain  per  cubic  inch   [  3- 95 o  ounces  per  cubic  foot 

I    .247  pounds  per  cubic  foot 

I  ounce  per  cubic  inch   108  pounds  per  cubic  foot 

I  cwt  per  cubic  yard   4.148  pounds  per  cubic  foot 

X  ton  per  cubic  yard   82.963  pounds  per  cubic  foot 

'  I  pound  for  1122  cubic  feet. 

I  giain  per  £^on  (i  in  70^000 
parts  by  woght,  water)  


I  pound  for  41.5  cubic  yards. 
I  pound  for  31.8  cubic  metres. 
220  grains  for  i  cubic  metre. 
.503  ounce  for  i  cubic  metre. 

Measures  of  Pouter. 


I  H).  of  fad  per  H.P.  i  '>98o,ooo  foot-pounds  per  lb.  of  fuel. 

Derhour  1         221.76  milnon  foot-pounds  per  cwt  of  fuel 
 I      2,565  heat-units  per  lb.  of  fuel. 

''^'ibT^'ftidL!!?.^  }  pounds  of  fuel  per  H.P.  per  hour. 
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PRANCB^THB  METRIC  STANDARDS  OP  WEIGHTS 

AND  MEASURES. 

The  primary  metric  standards  are: — the  metre,  the  unit  of  length;  and 
kilogiamme,  the  imit  of  weight,  derived  from  the  metre:  hekog  the  two 
platinum  standiuds  deposited  at  the  Palab  des  Archives  at  Paris. 

The  standard  metre  is  defined  to  be  equal  to  one  ten-millionth  part  of 
the  quadrant  of  the  terrestrial  meridian,  that  is  to  say,  the  distance  from 
the  equator  to  the  pole,  passing  through  Paris,  whirli,  l)y  the  latest  and 
most  authoritative  measurement,  is  39.3762  inches,  in  terms  of  the  Imperial 
standard  at  62  F.  By  the  latest  and  most  accurate  measurement,  the 
actual  standard  metre  at  32  ¥.  is,  in  terms  of  the  Imperial  standard  at  62*^  F., 
39-3  7043  inches;  and  its  legal  equivalent,  declared  in  the  Metric  Act  of 
1864,  is  39.3708  inches,  being  the  same  as  that  adopted  in  France. 

The  standard  kilogramme  (1000  grammes)  is  defined  to  be  the  weight  of 
a  cubic  decimetre  of  distilled  water  at  its  maximum  density,  at  4^0  C 
or      t  F.   This  is  legally  taken  to  be 

a.20462195  lbs.,  or 

2  U».,  3  oz.,  4.383  drachms,  or 

15,432.34874  grains. 

There  is  in  the  Standard  Department  at  Westminster  a  newly-constructed 
subdivided  standard  yard,  laid  down  upon  a  bar  of  Bail/s  metal,  upon 
which  a  subdivided  metre  has  also  been  laid  dowru 

The  metric  unit  of  capacity  is  the  litre,  defined  to  be  equal  to  a  cubic 
decimetre.    Its  Imperial  equivalent  is  0.22009  gallon. 

There  is  no  other  othcial  standard  of  weight  and  measure  in  France 
than  the  metre  and  the  kilogramme;  there  is  no  standard  litre  or  unit  of 
capacity. 

The  metric  system  is  not  really  founded  on  the  length  of  a  quadrant  of  the 
meridian,  and  although  it  is  described  as  a  scientific  system,  because  of  the 
simple  and  definite  relation  between  the  metre,  which  is  its  basis  and  unit  of 
length,  and  the  kilogramme  and  litre,  which  are  the  units  of  weight  and 
capacity,  it  is  admitted  that  it  has  been  found  impossible  practically  to 
carr\'  it  out  with  scientific  accuracy.  The  standard  kilogramme  is  admitted 
to  be  actually  the  weight  of  a  cubic  decimetre  of  pure  water  at  the 
spet  iiictl  temperature,  nor  the  litre  a  measure  of  cai)acity  holding  a  cubic 
decimetre  of  pure  water.  The  real  standard  unit  of  weight  is  declared,  even 
by  men  of  science  in  Ftancc,  to  be  merely  the  platinum  kilo^ramn^^weigfat 
deposited  at  the  Palais  des  Archives,  as  the  real  standard  unit  and  basis  <^ 
the  metric  system  is  the  platinum  metre,  also  deposited  there.  It  is  an 
accomplished  fiict,  however,  that  all  civilized  nations  have  tacitly  agreed  to 
recognize  the  metric  system  as  affording  for  the  future  the  advantages  of  a 
universal  system  of  \\ci_4its  and  measures,  and  to  adopt  the  standards 
deposited  at  the  Palais  des  Archives  as  the  primary-  units  of  the  system. 

riie  French  metric  system  has  been  adoi)ted,  and  its  use  made  compul- 
sory by  the  following  States: — France  and  Belgium,  in  1801;  Holland,  in 
1819;  Greece,  in  1836;  Italy  and  Spain,  in  1859;  Portugal,  in  1860-68; 
the  German  Empire^  in  1872;  Colombia,  Venezuela,  in  1872;  Ecuador, 


FRANCE.— »TH£  METRIC  STANI>ARD&— LENGTH.  44/ 


Brazil,  Peru,  and  Chili,  ia  x^6o;  also  by  the  Aigentine  Confederation,  and 

Uruguay. 

Great  Britain  and  Ireland,  in  1864,  adopted  the  metric  system,  so  far  as  to 
lender  contracts  in  terms  of  the  Ptendi  metric  system  permissive. 

The  United  States  of  North  America,  in  1866,  legalized  the  F^ch  metric 
system  concunently  with  the  old  system;  it  was  also  legalized  in  British 

North  America, 

Switzerland,  in  1856,  legalized  the  foot  of  three  decimetres  as  the  unit  of 
length,  with  a  decimal  scale;  the  unit  of  weight  being  the  pound  of  500 
grammes,  or  half  a  kilogramme,  with  two  distinct  scales  of  multiples  and 
parts,  one  decimal,  the  other  according  to  the  old  custom. 

Sweden,  in  1855,  by  a  law  made  compulsoiy  in  1858,  adopted  a  decimal 
system  of  weights  and  measures,  having  for  the  unit  of  length  a  foot  of  0.297 
metre,  and  the  unit  of  weight  a  pound  of  0,42  kilogramme: — ^being  the 
original  units  decimally  treated. 

Denmark  adoiHed  the  metric  system  so  far  as  the  pound  of  500  grammes. 
The  pound  is  decimally  treated,  and  since  1863  the  use  of  the  greatest 
parts  of  the  multiples  of  the  pound  not  coniormable  to  decimal  sub- 
division has  been  prohibited. 

Austria,  in  1853,  adopted  a  pound  of  500  grammes,  with  decimal  divisions, 
for  customs  and  fiscal  purposes. 

Russia  awaits  the  example  of  those  countries  with  which  she  has 
commercial  relations,  especially  of  England. 

In  Morocco  and  Tunis,  the  weights  and  measures  have  no  relarion  with 
the  metric  system. 

On  the  20th  May,  1875,  the  international  convention  for  the  adoption 
of  the  French  metrical  system  of  weights  and  measures  was  signed  at  Paris 
by  the  plenipotentiaries  of  France,  Austria,  Germany,  Italy,  Russia,  Spain, 
Portugal,  Turkey,  Switzerland,  Belgium,  Sweden,  Denmark,  the  United 
States,  the  Aigentine  Republic,  Peru,  and  Brazil.  A  special  clause 
reserves  to  States  not  included  in  the  above  list  the  right  of  eventually 
adhering  to  the  convention. 

I.  French  Measures  of  Length. — Table  No.  29. 


10  millimetres   x  centimetre; 

10  centimetres   i  decimetre. 

10  decimetres,  or  | 

100  centimetres,  or  >   1  METRE. 

1000  millimetres  J 

10  metres   i  decametre. 

10  decametres   i  hectometre. 

10  hectometres^  or  1000  metres.....  i  kilombtrb  (M?.) 

10  kilometres   i  myriametre. 


I  toise  (old  measure)   =  1.949  metres. 

1000  toises   I  mille  =  1.949  kilometres. 

2000  toises   I  itinerary  league     =3.898  „ 

3280.329  toises   I  terrestrial  league    =4.444  „ 

2850.41  T  toises   I  nautical  league       =5.555  „ 

T  nceud   (British  nautical  mile)  =  1.855  „ 
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French  Wire-Gauges  {Jauges  de  PUs  de  Fer). 

The  French  wre-gauge,  like  the  English,  has  been  subject  to  variation. 
Table  No.  30  contains  the  values  of  liie  "  points,"  or  numbers,  of  the 
Limoges  gauge;  table  No.  31  gives  the  values  of  a  wire-gauge  used  in  the 
manufacture  of  galvanized  iron;  and  table  No.  32  the  values  of  a  gauge 
which  comprises  wire  and  ban  up  to  a  dedmetie  in  diameter. 


FRENCH  Wire-Gauge  {Jat^  de  JJmages). — ^Table  No.  3a 


DiamcMr. 

Nanbcr. 

Millimetre. 

Inch. 

Millimetre. 

Inch. 

18 

MillimeLre. 

Inch. 

0 

•39 

.0154 

9 

'•35 

•0532 

3^40 

•134 

I 

.45 

.0177 

ID 

1.46 

•0575 

19 

3-95 

.156 

2 

f 

;  .0221 

II 

1.68 

.0661 

20 

4.50 

.177 

3 

.67 

.0264 

12 

1.80 

.0706 

21 

5.10 

.201 

4 

•79 

.0311 

13 

1. 91 

.0752 

22 

5-65 

.222 

5 

.90  I 

•0354 

14 

2.02 

•0795 

23 

6.20 

•244 

6 

1. 01 

.0398 

15 

2. 14 

.0843 

24 

6.80 

.268 

7 

1. 12 

.0441 

16 

2.25 

.0886 

8 

1.24 

.0488 

17 

2.84 

.112 

French  Wire-Gauge  for  Galvanized  Iron  Wire. — Table  No.  31. 


Number. 

Diameter. 

Number. 

Diameter. 

Number. 

Diamelcr. 

M'metre.j 

Inch. 

M*IMtM. 

Inch. 

M*met>e. 

1  Inch. 

I 

.6 

.0236 

9 

1.4 

•0551 

17 

3-0 

1  .118 

2  • 

•7 

.0276 

10 

1-5 

.0591 

18 

3-4 

•134 

3 

.8 

•0315 

1 1 

1.6 

.0630 

19 

3-9 

•154 

4 

•9 

•0354 

1 2 

1.8 

.0709 

20 

4-4 

i  -173 

5 

I.O 

.0394 

13 

2.0 

.0787 

21 

4.9 

•193 

6 

I.I 

.0433 

14 

2.2 

.0866 

22 

54 

.213 

7 

1.2 

.0473 

15 

2.4 

.0945 

23 

5.9 

.232 

8 

'•3 

.0512 

16 

2.7 

.106 

French  Wire- and  Bar- Gauge.— Table  No.  32. 


StK. 

Maik. 

Sm. 

Mufc. 

Mark. 

Sife. 

Millimetre. 

8 

Millimetre. 

Millimetre. 

Millimetre. 

P 

5 

13 

16 

27 

24 

64 

I 

6 

9 

14 

17 

30 

25 

70 

2 

7 

10 

15 

18 

34 

26 

76 

3 

8 

II 

16 

19 

39 

27 

82 

4 

9 

12 

18 

20 

44 

28 

88 

5 

10 

13 

20 

21 

49 

29 

94 

6 

1 1 

14 

22 

22 

54 

30 

100 

7 

12 

15 

24 

23 

59 
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II.  French  Mbasurbs  op  Surfacb.— Table  No.  33. 

100  square  millimetres   i  square  centimetre. 

100  square  centimetres   i  square  decimetre. 

?f^!lJfi!!^     1    I  square  metre,  or  centiare. 

lOyOOO  square  centimetres     j  ^  ' 

100  square  metres,  or  centiares...  i  square  decametre,  or  are. 

100  square  decametres,  or  ares...  i  square  hectometre, or  HECTARE. 

100  square  hectometres,  or  hectares  i  square  myriametre. 

Land  is  measured  in  tenns  of  Uie  tmHan,  the  are,  and  the  MteHane  or 
affini  mOnpte  (metric  acre).  There  is  also  the  iiaure,  of  zo  ares. 

III.  i'RENCH  Measures  of  Volume. — Tables  No.  34. 

Cudic  Measure. 

1000  cubic  millimetres   i  cubic  centimetre. 

looo  cubic  centimetres   i  cubic  decimetre. 

1000  cubic  decimetres   i  cubic  metre. 

fVaod  Measure. 

10  decist^res   i  st^re*  (i  cubic  metre). 

I  voie  (Paris)   2  stores. 

I  voie  de  charbon  (charcoal)   0.2  stfere  (^/s  cubic  metre). 

I  corde   4  stores. 

*  The  st^re  meuures  1.14  metres  x  o.  88  metre  x  i  metre,  the  billets  of  wood  being 

X.  14  metres  in  length. 

IV  French  Measures  of  Capacity. — Tables  No.  35. 

Liquid  Measure, 

10  cubic  centimetres   i  centilitre. 

10  centilitres   i  decilitre. 

10  decilitres   i  litre. 

10  litres   I  decalitre. 

Dry  Measure. 

10  litres   I  decalitre. 

10  d^itres,  or  )  l   .  1 

100  litres  I  '  hectolitre. 

10  hectolitres,  or )        .  vii^i^  ^ui^ 

1000  litres  / ■ I  kfloUtre  (I  cubic  metre). 

The  use  of  measures  equal  to  a  doubU'litre,  a  haif-IUre,  a  doubU-iiccilitre^  a 
Ma^'4ki^ire,  is  sancdoned  by  law. 
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V.  FuEm  Mbmris  op  Whbk— TaUe  Na 

to  mOligiiimnes   i  cendgraanne. 

lo  centignuiiiiKs   i  dedgtamme 

lo  decigrammes   i  gramme. 

lo  grammes   i  decagramme. 

lo  decagrammes   i  hectogramme. 

lo  kilogrammes   i  myriagramme. 

.::S^SSr*}    X  quintal methaue 

lo  quintaux,  or  )  /       i  millier,  tonneau  de  mer,  or  tonne 

looo  kilogrammes  / ( (weightoficubk  metre  of  water  at  39°.  i). 


EQUIVALSNT8  OF  BRITISH  IMPERIAL  AND  FRENCH  METRIC 

WEIGHTS  AND  MEASURES. 

I.  Measukis  op  Lbngtk. — Tables  No.  37* 

A  DBamniB  mviimd  laiTO  caMTtmmt  and  itauiwnn. 


■■■■■iraiMWwroimiiwtHiMimitiiiiiifoiitmiiiwiiiifwiniiiiioiMOOiinHiniiiiiii 


UfCMBS  AND  TBNTUi 


Metric  Dbnominations 

AMD  VAUrai. 

■ouiTAunm  M  binnuAL  Dbmomiiiatiomb. 

Metres. 

Inches. 

Feet. 

Yards. 

MUes. 

I  millimetre 

/ 1000 

=  003937 

I  centimetre 

«/ 

/ 100 

=  0.39370 

I  decimetre 

■/.. 

=  3-93704 

I  METRE  .... 

I 

»  39.37043 

-  3.2S087 

s  1.09362 

I  dekametre 

ZO 

932.80869 

=  10.93623 

I  hectometre 

ICO 

109.36231 

I  KILOMETRE 

1,000 

«  3280.87 

=  1,093.6231 

=  0.62138 

I  myriametrc 

10,000 

^  10,936.231 

-6.21377 
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Tables  Na  37  (conHtniei). 


IMFBMAI.  IHnK>MlllATIOMS> 

SQUIVAUtNTS  IN  MbTKIC  DaNOMINATIOMS. 

I  yard,  or  3  feet,  or  36  inches.... 
I  fathom,  or  2  yards,  or  6  feet.... 

I  pole,  OT  $)4  yards  

1  chain,  or  4  poles,  or  22  yards... 
I  furlong,  40  poles,  or  sao  yards 
X  mile,  8  ^longs,  or  1760  yard» 

=  3.53995 

-  0.304^ 

-i  0.91430 
=  1.82878 
5.02915 
=  20.11662 

~   SOI. 1663 
— 1,609.3296 

=  0.201 1 7 
=  1.60933 

- 

Equivalent  Values  op  Milumetrbs  and  Inches.— Tables  No.  38. 

MiLUaCBTBIS  m  IncMBS. 


MilHaMini. 

1 

ladMi. 

MiHimetRS. 

I 

.0394 

27 

1.0630 

53 

2.0866  I 

79 

3- 1 103 

2 

.0787 

28 

1. 1024 

54 

2.1260 

80 

3.1496 

3 

.ii8i 

29 

I.1417 

55 

2.1654  , 

i 

3.1890 

4 

•1575 

30 

I.1811 

56 

2.2047 

82 

3.2284 

I 

.1968 

31 

1.2205 

57 

2.2441  1 

83 

3.2677 

.3363 

32 

1.2598 

58 

2.2835 

84 

3-3071 

7 

.«75^ 

33 

1.3992 

59 

3.3328  ' 

85 

33465 

8 

.3150 

34 

1.3386 

60 

3.3622 

86 

3.3859 

9 

•3543 

35 

1.3780 

61 

3.4016 

87 

3-4252 

10 

•3937 

36 

1.4173 

62 

2.4410  ' 

88 

3.4646 

II 

.4331 

37 

14567 

63 

2.4803 

89 

3-5040 

12 

.4724 

38 

1. 4961 

64 

2-5197 

90 

3-5433 

13 

.5118 

39 

^•5354 

65 

2-5591 

91 

3-5827 

14 

•55" 

40 

1-5748 

66 

3.5984 

92 

3.6221 

15 

.5906 

4» 

1. 6 143 

67 

2.6378 

93 

3.6614 

16 

.6299 

4a 

1.6536 

68 

2.6772 

94 

3»70o8 

17 

.6693 

43 

1.6929 

69 

2.7166 

95 

3.7402 

18 

.7087 

44 

17323 

70 

2-7559 

96 

3.7796 

19 

■7480 

45 

1. 7717 

71 

2-7953 

97 

3.8189 

20 

•7874 

46 

1. 81 10 

72 

2.8347  j 

98 

3.8583 

21  . 

.8268 

47 

1.8504 

73 

2.8740 

99 

3-8977 

33 

.3661 

48 

1.8898 

74 

2.9134 

TOO 

39370 

«1 

•9055 

49 

1.9391 

75 

2.9528 

«4 

.9449 

50 

1.9685 

3.9933 

«5 

.9843 

51 

2.0079 

303'5 

36 



1.0336 

Sa 

a.0473 

3.0709 
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Tables  Na  38  {iontimud). 


InCHBS  DBCIMALLY  =  MiLLIMBTRKS. 


fnciM  1 

MiOunatMi.! 

1 

MflKMlNI. 

IfldiMi 

MOHaeint. 

Iwam. 

•OI 

.  20 

u.uo 

15.2 

•94 

23.9 

•  02 

.  20 

7.  I  I 

.02 

T  ^  T 

*5-7 

.  uu 

24.4 

.70 

.30 

7.02 

.04 

10.3 

.90 

24.9 

.04 

1.02 

•32 

8.13 

.00 

1 0.0 

1. 00 

25-4 

.05 

1.27 

•34 

0.04 

1  .00 

J  7-3 

2.00 

50.0 

•OO 

1.53 

•30 

9.14 

.70 

1 7-0 

3.00 

70.3 

.07 

1.70 

•38 

«  /if 
9.05 

.73 

I0.3 

4>oo 

lOI.O 

.Do 

3.03 

.40 

10*3 

•74 

I0.0 

5.00 

137.0 

.09 

3.39 

iOt7 

.70 

19-3 

6.00 

152-4 

.10 

2.54  ' 

•44 

1 1.2 

19.8 

7.00 

177-8 

.12 

3-05 

.46 

II. 7 

1  .80 

20.3 

8.00 

203.2 

.14 

356  1 

.48 

12.2 

.82 

20.8 

9.00 

228.6 

.16 

4.06 

•50 

12.7 

.84 

21.3 

10.00 

254.0 

.18 

4.57 

•52 

13.2 

.86 

31.8 

11.00 

279.4 

.30 

5.08 

•54 

13.7 

.88 

33.4 

13.00 

304.8 

.23 

5.59 

.56 

14.3 

.90 

33.9 

sz  foot 

.34 

6.10 

.5» 

14. 7 

.93 

a3-4 

iNom  IN  Fkactioms  s  llttuiarnHtt. 


Bightbi. 

SixteeikdM. 

Thiity«woo«id8. 

IfilliiMtfa. 

I 

.79 

17 

13-5 

I 

2 

1-59 

9 

18 

143 

3 

2.38 

19 

I 

3 

4 

317 

5 

10 

30 

159 

5 

3-97 

31 

16.7 

3 

6 

4.76 

IX 

33 

17.5 

7 

5.56 

23 

18.3 

3 

4 

8 

6-35 

6 

13 

24 

19.0 

9 

7.14 

25 

19.8 

5 

10 

7-94 

13 

26 

20.6 

II 

8.73 

27 

21.4 

3 

6 

13 

952 

7 

14 

38 

33.3 

13 

10.32 

89 

23.0 

7 

14 

li.ii 

15 

30 

33.8 

15 

11.91 

3» 

34.6 

4 

8 

16 

13.7 

«  1 

16 

3a 

«5-4 

By  means  of  the  preceding  ta1)les  of  equivalent  values  of  inches  and 
millimetres,  the  equivalent  values  of  inches  in  centimetres  and  decimetres, 
and  even  in  metres,  may  be  found  by  simply  altering  the  position  of  the 
decimal  point.  This  method  naturally  follows  from  the  decimal  subdivisions 
of  French  measure. 

Take^  for  example,  the  tabular  value  of  i  miUimetre,  and  shift  the 
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decimal  point  successively,  by  one  digit,  towards  the  right-hand  side;  the 
values  of  a  centimetre,  a  decunetre,  and  a  metre  are  thereby  txpnand  in 
inches,  as  follows: — 

I  millimetre  0394  inches. 

I  centimetre   o*394  • 

I  decimetre   3*94  *» 

z  metre   39.4  „ 

At  the  same  time,  it  appears  that,  by  selecting  the  tabular  value  of 
10  millimetres,  the  value  of  its  multiples  are  given  more  accurately,  thus»^ 

10  millimetres,  or  i  centimetre   0-3937  inches. 

I  decimetre   3-937  »» 

I  metre   39.37  „ 

Agsin: — 

too  millimetres,  or  i  decimetre  »  3*937  incheSi 

I  metre   =  39.37  » 

Similarly,  for  example: — 

.32  inch  -       8.13  millimetres. 
3.a    „    »  81.3 

.  /  813  0       „  or 
(     .813  metre. 


33.0 


II.  Square  Measures,  or  Measures  of  Surpacb.— Tables  No.  39. 


Mbtsic  s 

I  square  millimetre  

I  square  centimetre  

I  square  decimetre  

I  square  metre,  or  centiare  

I  ARE,  or  scjuare  dekametre,  or  100 
square  metres  

I  hectare,  or  metrical  acre^  or  100  ares, 
or  10,000  square  metres  


-( 
-{ 


Impkkial  Square  Measures. 

.00155  square  inch. 

.155  square  inch. 
15.5003  square  inches. 
10.7641  square  feet,  or 

1. 1960  square  yards. 
1076.41  square  feet,  or 
1 19.60  square  yards. 
11,960.11  square  yards,  or 

3.47  IX  acres,  or 
a  acres  and  aa8aia4o  square 
yards. 


iMmtAi.  =s  Metric  Square  Measures. 


Iroperial  MttMiMf. 

S<juarc 
Ceotimetrcs. 

SquanMtlrH. 

An*. 

SwslRm. 

I  square  ft.,  or  144  sq.  inches 
I  square  yard,  or  9  square  ) 
feet,  or  1296  sq.  inches  ( 
I  peteh  or  rod,  or  30^  ) 

square  yards  j 

I  rood,  or  40  perches,  or") 

1 2 10  square  yards  ) 

1  acre,  or  4  roods,  or  4840  ) 

1  square  mile,  or  640  acres 

«  0092901 

-  0836112 

-  25.292 
aIOII.696 

14046.782 

» 1011696 

a  404678 

=  0.40468 
-258.9894* 
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I  cubic  centimetre  =     0.061025  cubic  inch. 

,  .  J   .    ^  (  61.02534  cubic  inches,  or 

I  cubic  decimetre  -  {  r  J 

v*vv,**MVMv  I     0.0353156  cubic  foot 

.  -niW/.  -  i  35-3156  cubic  feet,  or 

I  cubic  metre  -  |  ^^^^  ^^^-^  ^.^^^j^ 

iMtBMAL  =  Metric  Cviuc  Meam  kks 

1  cubic  inch  =     16.387  cubic  centimetres. 

I  cubic  foot  =  i  '^-3 '53  cubic  decimetres,  or 

*    ^  ao283i5  cubic  metre, 

I  cubic  yard  =     0.764513  cubic  metre; 

Wood  Measure. 

I  8t^  or  cubic  metre  {  ^  J'^^f  ,^[;^^^^^^^^^^^^ 

I  decist^re   3-53 16  cubic  feet 

I  voie  de  boi.  (wood),  or  ,  sU«.,  P«i.  j  ^^^i^cS^",!^ 

I  voie  de  cfaaibon  (cbaicoal)  »  i  sad  r  $}6  busfads,  or 

=  «/s  stbre   \    7.063  cubic  feet 

X  corde  of  wood  =  4  cubic  metres          141.26  cubic  feet 

IV.  Measures  of  Capacity. — Tables  No.  41. 


Metric  Denominations 
AND  Values. 

Equivalents  in  Imperial  Denominations 

Lures. 

Gills. 

Pint*. 

Quarts. 

Gallons. 

Bushels. 

Quarters. 

Decilitre.*.*... 
Litre 

(6 1.02  5  24c  in.) 

1 ,' 

/ 100 

}  ■ 

10 

0.0704 
0.7043 

0.0176 
0.1 761 

1.7607 

0.8804 

asaoi 

2.2009 

0.2751 

Hectolitre  

100 
1000 

22.009 
220.09 

2.7511 
27.511 

0.344 

3-439 

iMranAI.  DKNOUINATlOm. 

Eqvitalknts  in  Metric  Denominations. 

Litros. 

Dekalitres. 

Hectolitres. 

I  giU  

=  O.Z42O 
«  0.5679 

=  "•»3S9 

=  4.5435 

=  9.0869 

=  36.3477 
=  29a  7816 

=  0.9087 
-  3.6348 
=  29.0  7&2 

=  2.9078 
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y.  UMMsma  OF  Wugbx.— Tjdte  Na  4J. 

Minic  Vhusnm  s  IiimiAL  Avooonivow  Waaarai 


I  kilogramme  ^  2  lbs.  3  oz.  4  diachms,  10.47374  grains. 


Msnic  WncHTs. 

XQOivAunm  m  iMmiAL  DiMOMiMATiiin. 

Hundred* 
wdghtt. 

Tool.  I 

1 

Milligramme  

Myriagraaune. .  .• . «. 
Quintal,  orioo  Idlog. 
MiUier,  ormetricton 

Viooo 
Vxo 

I 

10 

TOO 
1,000 
10,000 
lOOfiOO 

0.0154 

0.1  S43 
1.5432 
154323 
154.3235 
1543-2349 
15432.3487 

0.3527 
3.5274 
35.2739 

3,3046 
33x462 
3304631 
3304.03I3 

1.9684 
,19^841 

1       1   1   1   I  ill 

d 

iMnStAL  ATOntDVrOU    s    MbTKIC  WBIGHTt. 


WSIGHTS. 

1 

Gnunmes. 

Dccigranunes. 

Millicr,  or 
IfatricToa. 

I  oance,  or  16  drams 
I  pound,  or  1 6  ounces 
I  hundredweight,  ) 
or  112  pounds  J 
I  ton,  or  20  hun-  | 
1       dredweights  j 

«     1.7.7 184 
=  2&34954 
=  453-59265 

=  2.83495 
=  45-35926 

=  0.45359 
«  50.80337 

=  1016.04754 

=  I.OI604 

llanic  WMCSim  m  Iiimui.  Thov  Wmamn. 

I  kilogramme  =  2  troy  lbs.  8  oz.  3  dwts.,  .34874  grain. 

Mbtmc  Weights. 

Graiai. 

Fowywcighu. 

Qunof. 

Xrojr  Pound. 

Milli^Esunme ... 
CcntigiBiiiiiic ... 
DcagnuDome ... 

Dekagramme... 
Hectogramme.. 
Kilogramme... 

0.01543 

0.15432 

1.54323 

15-43234 

=  154.32349 

-  1543.23487 

-  i5'432.34874 

=  0.64301 
=  6.43014 

=  O.32T5T 
=  321507 

=  3215073 

-  2.67922 

l$6  WEIGHTS  AND  MEASURES. 


lamuAL  Tkor  as  Mvnuc  Wnoim. 


lamwAL  Troy  Weights. 

Equivalsitts  in  Mbtric  Denominations. 

Miiligrajume. 

Gramme. 

Delugranune. 

mo. 

• 

I  troy  giAin  

I       dwt,  or84gr. 
I   „  0*.,  or  4S0  „ 
I   „  lb.,or5,76o  „ 

64.79895 

0.06480 

1-55517 
31.10349 

373  a4i95 

3. 1 1035 

37-3»4i9 

3-73a4a 

0.37324 

APPROXIMATE  EQUIVALENTS  OP  ENQLIEH  AND 

PRENCH  MEASURES. 

The  foUowing  are  approxiiDately  equal  Eqglish  and  French  measures  of 
length: — 

I  pole,  or  perch  (5^  yards)...    5  metres  (exactly  5.099  metres). 

I  chain  (22  yards)   20  metres  (exactly  ao.ii66  metres). 

I  furlong  (220  yards)  200  metres  (exactly  201.166  metres). 

5  furlongs   I  kilometre  (exactly  1.0058  kilometres). 

f  .  (     3  decimetres  (exactly 3.048  decimetres),  or 

'   \  30  centimetres. 

One  metres  3.28  feet  ^  3  feet  3  inches  and  3  eighths  all  but  Vj,.  inch; 
S40  inches  nearly  (  '/^th  or  1.6  per  cent  less). 

.100  metre  (i  decimetre)  =  4  inches  nearly  (exactly  3'Vi6  inches). 
.010  metre  (i  centimetre)  =  .4  inch,  or  Vtoths  inch,  nearly. 
.001  metre  (i  millimetre)  =  .04  inch,  or  Viooths  inch,  or  two-thirds 

of  >/t6  inch,  or  Vis  inch,  nearly. 

One  inch  is  about  2}4  centimetres  (exactly  2.54). 

One  inch  is  about  25  millimetres  (exactly  25.4). 

One  yard  is  "/i^ths  of  a  metre.    11  metres  are  equal  to  12  yards. 

Approximate  rule  for  converting  metres,  or  parts  of  metres,  into  yards: — 

Add  Viith  {J{  per  cent.  less). 

For  converting  metres  into  inches: — Multiply  by  40;  and  to  convert 
inches  into  metres,  or  parts  of  metres,  divide  by  40. 

One  kilometre  is  about      mile  (it  is  0.6  per  cent.  less). 

One  mile  is  about  x.6  or  i  3/5  kilometres  (it  is  0.6  per  cent  less) « 1610 
metres,  about 

With  respect  to  superficial  measures : — 
One  square  centimetre  is  about  Ve  ?  pai't  of  a  square  inch. 
One  square  inch  is  equal  to  about  6.5  square  centimetres. 
One  square metreoontains fully  lo^square  feet,ornearly  i  V5  square  yards. 
One  square  yard  is  nearly  V7  ths  of  a  square  metre. 
One  acre  is  over  4000  square  metres  (about  1.2  per  cent  more). 
One  square  mile  is  nearly  260  hectares  (about  a4  per  cent  less). 
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With  respect  to  cubic  measures,  and  to  capacity:— 

One  cubic  yard  is  about  ^  cubic  metre  (it  is  2  per  cent  more). 
•  One  cubic  metre  is  nearly  i  yi  cubic  yard  (it  is  ifi  per  cent  less). 

One  cubic  metre  is  nearly  35     cubic  feet  (it  is  .05  per  cent  less). 

One  litre  is  over  ij^  pints  (it  is  0.57  per  cent.  more). 

One  gallon  contains  above        litres  (it  holds  about  i  per  rent.  more). 

One  kilolitre  (a  cubic  metre)  holds  nearly  i  ton  of  water  at  62°  F.  (ij^ 
per  cent,  less),  or  220^  gallons. — One  cubic  foot  contains  28.3  litres. 

With  respect  to  weights: — The  ton  and  the  gramme  Stand  at  neatly 
equal  distances  above  and  below  the  kilogramme,  thus 

I  ton  is   1,016,047.5  grammes, 

I  kilogramme  is   1,000.0  grammes, 

I  gramme   i.o  gramme, 

in  the  ratio  of  about  1,000,000  :  t.ooo  :  i. 

One  gramme  is  nearly  15)4  grains  (about  }2  per  cent.  less). 
One  kilogramme  is  about  2  7^  pounds  avoirdupois  (about  74  per  cent, 
more). 

A  thousand  kilogrammes,  or  a  metric  ton,  is  nearly  one  English  ton 
(about      per  cent  less). 
One  hundredweight  is  nearly  51  kilogrammes  ( '/j  per  cent  less). 


EQUIVALENTS  OP  FRENCH  AND  ENGLISH  COMPOUND 

UNITS  OP  MEASUREMENT. 

Weighty  Pressure,  and  Measure, 

I  kilogramme  per  mette  |       -^^^  P°™^ 

^  ^  I       2.016  ])ounds  per  yard. 

T  ]»ound  per  foot   1.488  kilogrammes  per  metre. 

I  [)ound  per  yard   .496  kilogramme  per  metre. 

1000  kilogrammes  per  metre   .300  ton  per  foot. 

I  ton  per  foot   3333  333  kilogrammes  per  metre. 

I  ton  per  mile   631.0  kilogrammes  per  kilometre. 

1422.32  pounds  per  square  inch. 


I  kilogramme  per  square  millimetre  • 
1000  pounds  per  square  inch  


.635  tons  per  square  inch. 
.703077  kilogramme  per  square 

millimetre. 
1.575  kilogrammes  per  square 
millimetre. 
14.3233  pounds  per  square  inch. 


I  ton  per  square  inch  < 

I  kilogramme  per  square  centimetre 

..0335  J    M.7  pounds  per  s,uare  inch. 

I  pound  per  square  inch  , 


I  pound  per  square  foot . 


.0703077  kilogramme  per  square 
centimetre. 
4.883  kilogranmics  per  square 
metre. 
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kOognunme  per  squaie  metre  205  pounds  per  square  teC 

centimetre  of  mercniy  394  inck  of  meiciiiy; 

inch  of  mercury   s*54o  centimetres  of  merauf, 

centimetre  of  mercuiy   .193  pound  per  square  ind&. 

pound  per  square  indi   5- 170  centimetres  of  meicuiy. 

gramme  per  litre   70.116  grains  i^er  gallon. 

grain  per  gallon   .0143  gramme  per  litre. 

kilogramme  per  cubic  metre  0624  pound  per  cubic  foot 

pound  per  cubic  foot   16.020  kilogiammes  per  cubic  metre. 

.        ^  f    .984  ton  per  cubic  metre, 

tonne  per  cubic  raetre  •{     » ^  ^ 

kilogramme  per  litre   ic.016  pounds  per  gallon. 

pound  per  gallon   .998  kilo^'ramme  per  litre. 

ton  per  cubic  metre   1.016  tonnes  per  cubic  metre. 

ton  per  cubic  yard   ^  329  tonnes  per  cubic  metre. 

cubic  metre  per  kilogramme   16.019  cubic  feet  per  pound. 

cubic  foot  per  pound  0624  cubic  metre  per  kilogramme. 

i  1.399  cubic  yaidi  per  ton. 
cubic  metre  per  tonne  <   i •  794  cubic  feet  per  cwt 

(35.882  cubic  feet  per  ton. 

cubic  yard  per  ton   .752  cubic  metre  ])er  tonne. 

cubic  foot  per  cwt   .557  cubic  metre  per  tonne. 

cubic  foot  per  ton  0279  cubic  metre  per  tonne. 

Vohmif  Ana,  and  Length. 

cubic  metre  per  lineal  metre   1.196  cubic  yards  per  lineal  yard. 

cubic  yard  per  lineal  yard  836  cubic  metre  per  lineal  metre. 

cubic  metre  per  square  metre   3.28r  cubic  feet  per  square  foot  • 

cubic  foot  per  square  foot   3.048  cubic  metres  per  square  metre* 

litre  per  square  metre  0204  gallon  per  square  foot 

gallon  per  square  foot   48.905  litres  per  square  metre. 

f    .405  cubic  metre  per  acre, 
cubic  metre  per  hectare  I    .529  cubic  yard  per  aoe. 

(  89.065  gallons  per  acre. 

cubic  metre  per  acre   a>47i  cubic  metres  per  hectare. 

cubic  yard  per  acre   1.902  cubic  metres  per  hectare. 

000  gallons  per  acre   1 1.226  cubic  metres  per  hectare. 

Work 

kilograrometre  (k-Km)   7*233  foot-pounds. 

foot-pound  r382  kilogrammetre. 

cheval-vapeur,  or cfaeval  {l^kxm\      o .  , 

horse-power   1.0139  chevaux. 

kilogramme  per  cheval   2.235  P^^i^^ds  per  horse-power. 

pound  per  horse  p(nver    .447  kilogramme  per  cheval. 

square  metre  per  cheval   10-913  sfjuare  feet  per  horse-i)ower. 

square  foot  per  horse-power   .0916  square  metre  per  cheval, 

cubic  metre  per  cheval   35- 806  cubic  feet  per  horse-power. 

cubic  foot  par  horse-power  0279  cubic  metre  per  chevaL 
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Heat 

I  calorie,  or  French  rniit   3*968  English  IwalNHte 

I  English  heat-unit   .253  calorie. 

French  mechanical  equivalent  (425  )  J074  foot-pounds  =  774.70  foot- 
kilogrammetres)  f  pounds  per  English  unit 

^flofpouS"'^.  '^'^''^^^"'}  kflognunmetre.. 

I  calorie  per  square  metre   .369  heat-unit  per  square  foot. 

I  heat-unit  per  square  foot   2. 7 13  calories  per  square  metre. 

I  calorie  par  kil(^;raniine   i.Sooor  9/5  hestmnitsper  pound. 

X  heat-umt  per  pound   *5SSS  or  s/9  calorie  pa  kilo- 

gianune. 

S/eed,  6fc 

(  3.281  feet  per  second. 

X  metre  per  second  <  1 96.860  feet  per  minute. 

(  2.236  miles  per  hour. 

X  kilometre  per  hour   .621  mile  per  hour. 

I  foot  per  second,  or  per  minute  |        '^5         per  second,  or  per 

X  mile  per  hour  i         -4^7  metre  per  second. 

*^  .  I        T.609  kilometres  per  hour. 

X  cubic  metre  per  second  |    .^5-3i6  cubic  feet  per  second. 

\  2itg      cubic  feet  per  mmute. 

I  cubic  foot  per  second,  or  per  minute  {  "^^^^  cubic  metre  per  second, 
r               *~           ^  or  per  mmute. 

X  cubic  metre  pa:  minute   1.308  cubic  yards  per  minute.* 

X  cubic  yard  per  minute   .765  cubic  metre  per  minute. 

{4.320  pence  per  pound. 
.360  shilling  per  pound. 
4o.32o*shiUings  per  cwt,  or 
^40.32  per  ton. 

I  penny  per  pound   .231  franc  per  kilogramme. 

I  shilling  per  pound   2.772  franc  per  kilogramme. 

-I .MKiL-j  .-1.1  ■  _t  M  /*•  .WM.  t.^..  i  24.802  francs  per  tonne. 
i8liiltaigpercwt,or^iI)ertoii...|       I48  femes  per  quintal 

I  fianc  per  qumta]   .403  shilling  per  art. 

I  fianc  per  tonne  /         -f  4  penny  per  cwt 

I        .806  .shillmg  per  ton. 

I  fianc  per  metre  /        -7^^  ^^^^"'"g  P^^  y^'"^- 

*^  (0.709  pence  per  yard. 

1  shilUng  per  yard    1.378  francs  per  metre. 

X  fianc  per  kUometre  /        '""^f^  ^  "^^^ir 

*^  ^  I      15.326  pence  per  mue. 

j£t  per  mile....   X5.660  fiancs  per  kilometre. 

X  penny  per  mile   .0652  franc  per  kilometre. 

X  fianc  per  square  metre  /  ^  ^"^'^ 

^  \        .6636  shilling  per  square  yard. 
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I  diiUuig  per  square  yard 
j£t  per  square  yard  


I  franc  per  cubic  metre 


I  penny  per  cubic  foot .. 
I  penny  per  cubic  yard . 
I  shilling  per  cubic  yard 
j£i  per  cubic  yard  

I  franc  per  litre  , 

I  franc  per  hectolitre  ... 
I  shilling  per  hogshead.. 


1.5 10  finmcs  per  square  metre. 

0.194  francs  per  square  metre. 

.270  penny  per  cubic  foot. 
7.281  pence  per  cubic  yard. 

.607  shining  per  cubic  yard. 

.0303      per  cubic  yard. 
3.708  francs  per  cubic  metre. 

.137  franc  per  cubic  metre. 
1.648  francs  per  cubic  metre. 
32.962  francs  per  cubic  metre. 
43.270  pence  per  gallon. 
3.606  shillings  per  gallon. 
1.893  Jihillings  per  hogshead  (wine). 

.528  franc  per  hectolitre. 


GERMAN  BMPIRfi. — WEIGHTS  AND  MEASURES. — ^Tables  No.  43. 

From  the  ist  January,  1872,  the  French  metric  system  of  weights  and 
measures  became  compulsory  tluoughout  die  German  Empire,  as  follows: — 

I.  German  Measures  of  Length. 

French  Measure. 

I  Strich  »  I  millimetre. 

10  Strichs   I  New-ZoU  =  x  centimetre. 

100  New-Zolls   I  Stab  =  i  metre. 

10  Stabs   I  Kette  =  i  dekametre. 

100  Kettes   I  Kilometre  =  i  kilometre. 

7  Kilometres   i  MUe  =  i  ^ooo  "metres  or 

'  (4-35  English  miles. 

II.  German  Measures  of  Surface. 

I  Quadrat-^tab  =         i  square  metre. 
100  Quadrat-Stabs          i  Ar  =100  square  metres. 

100  An   I  Hecttr        =  ^1"^^^  "'^^  « 

(       2.47  acres. 

III.  Geuman  Measures  of  Capacity. 

I  Schoppen         =       ^  litTR 

(Beer  Meuure.) 

3  Schoppens   i  Kanne  =     i  litre. 

so  Kannes   ,  Schefifd  (bushel)  =  j  5°  J^^^  ^iBhA. 

» ^^i^^"^'^  •        -  { .LT3iss.*" 

The  kanne  is  fiirther  divided  into  measures  of  }(  kanne,  }i  kanne^  and 
Vis  kanne. 
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IV.  German  Measures  of  Weight. 


I  Milligiamm  s 

lo  Milligramms         i  Centigramm  = 

IP  Centigramms        i  Dezignunm  = 

loo  Deztgramins        i  New-Loth  -  | 


50  New-Loth&         I  Fiiiiid 


100  Pfunds   I  Centner 

j  ...  I  Toone 


20  Centners,  or 
2000  Pfunds. 


■{ 


I  milUgruniiie. 
I  centigyamnie. 

I  decigramme. 
10  grammes,  or 
•35273  ounce. 
500  grammes,  or 
yi  kilognunme,  or 
1. 1023  pounds  avoirdupois. 
50  kilognunmes,  or 
xto.23  pounds  avoirdupois. 
1000  kilogrammes,  or 
2204.6  pounds  avoirdupois. 


OLD  WEIGHTS  AND  MEASURES  OF  THE  GERMAN  STATES. 

These  vary  for  every  state.  The  chief  measures  of  length  are  the  I'uss, 
and  the  Elle,  of  which  the  second  is  in  general  twice  the  first.  I'he 
following  are  the  values  of  the  Fuss,  which  is  the  German  foot,  in  the 
principal  states. 

Values  op  the  German  Fuss  in  the  States  and  Free  Towns  of 

THE  German  Empire.— Table  No.  44. 


Prussia   12  356  inches. 

Bavaria   ii-49i  %» 

WiirteiDbeig   11.279  »» 

Saxony   11. 149  „ 

Baden   11.81X  „ 

Mecklenburg-Schwerin   ii-457  m 

Hesse- Darmstadt   9-843  „ 

Hesse-Cassel  «   11-328  „ 

Oldenburg   11.649  » 

Brunswick   ^^-^35  >» 

Hanover   11-500  „ 

MecUenbuig-Strelitz   ii*457  » 

Anhalt   "-SS^  m 

Saxe-Coburg-Gotha   ii*3^4  v 

Saxe-Altenbiug   11.122  „ 

Waldeck   11-512  „ 

L'Ppe   11-398  „ 

Schwarzburg-Rudolstadt   i5-047  m 

Schwarzbuxg-Sondersfaausen : — 

(1)  High  Sovereign^  and  Amstadt...  11. 149  „ 

(2)  LowSovereigntyandSonder5hausen  11.33 1  n 

Reuss   11.280 

Schaumbuzg-Uppe   11.421  „ 

Hamburg    11.283  „ 

Liibeck   11324  „ 

Bremen   11.392  „ 

U 


1&2  WEIGHTS  AND  MEASURES. 

KINGDOM  OF  PRUSSIA.— Old  Weights  and  Measures. — 

Tables  No.  45. 

I.  Prussian  Measures  op  Length. 

English  Measure. 

I  Linie     =         .0858  inch. 
12  LinieD   i  ZoU       =         1.0297  inches. 

laZoU   iFte     -/  "  356  inches,  or 

(      1.0297  feet. 

2  Fuss   I  £lle      =        2.0596  feet. 

,f  ^"■°'}   iRuthe  -  4-ii9*7»ds. 

-ooRuthen   x  MeUe  ={»'»Jt2^ 

Used  by  Jdi$ters. 

I  Lacfateriinie  =  .0927  inch. 

zo  Lachterlinien   i  LachterzoU  ^  .9268  inch. 

10  LachterzoU   I  Achtd         »  •11^$  foot 

I  K,t"^  *  }   I  LMhter      -  ,.os96  yards. 

9  Fuss   I  Spanne        =6.1788  yards. 

Surveyors'  Measure, 

I  Scrupel  =  .0148  inch. 

10  Scrupel  ,        I  Linie  =  .1483  inch. 

10  Linien   i  2^11  =1.4828  inches. 

10  Zoll   I  Land-Fuss  =1.2356  feet. 

10  Land-Fuss   i  Ruthe  =4.1192  yards. 

2000  Ruthen   i  Meile  =  4.6809  miles, 

II.  Prussian  Measures  op  Surpacb. 

I  Square  Linie  =    .00736  square  inch. 

144  Square  Liniea....  i  Square  Zoll  -  1.0603  square  inches. 

144  Square  ZoU          z  Square  Fuss  =  1.0603  square  feet 

144  Square  Fuss         i  SquareRuthe  =  Z6.967  square  yuds. 

180  Square  Ruthen...  z  Morgan  =    .63103  acre. 

30  Mozgen   z  Hufe  =  18.931  acres. 

1X1.  Prussian  Measures  of  Volume. 
Cubic  Measure, 

I  Cubic  Linie    =    .000632  cubic  inch. 
1728  Cubic  Linien....  i  Cubic  Zoll      =  1.092  cubic  inches. 

1728  Cubic  Zoll   I  Cubic  Fuss     =  1.092  cubic  feet 

1728  Cubic  Fuss         z  Cubic  Ruthe  =69.893  cubic  y^ards. 

For  measuring  stone  and  brickwork,  earth,  peat,  fascines,  and  ^ewood, 
the  following  are  used : — 
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I  Cubic  Klafter,  or  )  _  . .  . 
108  Cubic  Fuss        /  "  ^  ^  7'^^ 

4^  Klafters   i  Haufe  =530.70  „ 

I  Schachruthe  (in architecture)  144  Cubic  Fuss  =^^S7'^S  » 

IV.  Prussian  Measures  of  Capacity. 

Dry  Measure. 

I  Maasche   »       •1%'^^  quart 
4M-cheo.orJ   =  3.0.4. 

4  Metzen  ..    i  Viertel      «     3.0242  gallons. 

4Viertd,Qr1  ,  Scheffel    -i  15121  bushels,  or 

48  Quarts     f '  »aienei    -  ^  ^^^^ 

4  Scheffelii   i  Tonne     «     6.0484  bushels. 

if  STeff^'n"'  }           '  Mai"*     -     »-»68'S  quarters. 

i;  Malters,  or )  -    .  , 

60  Scheffeln   }  '  =    "-SW  quarters. 

The  Tonne  in  the  table  is  the  measure  for  salt,  lime,  and  charcoal 
A  Tonne  of  flax-seed  is  3.354  Sche£febL 

Uqmd  Measure  (for  Wine  and  Spirits). 

32  Cubic  Zoll   I  Ossel      »    1.0079  pints. 

a  Ossel   r  Quart     =    1.0079  quarts. 

.  [   'Anker     =    7-559  gaUon^ 

2  Ankers   i  Eimer     =  15.118  „ 

2  Eimers   1  Ohm       =  30.337  „ 

i^'S  "   }  «  -  «.355 

V.  Prussian  Measures  of  Weight. 

I  Com  =  4. 1 15  grains. 

10  Corns               I  Cent  =  .09406  dram. 

10  Cents               I  Quentche  =  .9406  dram. 

10  Quentchen         i  Loth  =  .588  ounce. 

30  Loth               I  Zollpfund  =  1. 1023  pounds. 

looZollplund         I  Centner  »  110.23  pounds. 

30  Zollpfund         I  Stein  =  22.046  pounds. 

3  centner....         .Schifcpfund=  {  «t5^^r„d:;d°;eigha 

4oCenme»   .  SchUWu.  ={^?:;^rr' 

The  Tonne  of  coals  is  2270  pounds  avmrdupois,  or  1.013  tons. 
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l64  WEIGHTS  AND  MKASU&ES. 

KINGDOM  OF  BAVARL\.— Old  Weights  and  Measures. — 

Tables  No.  46. 

I.  Bavarian  Measures  or  Lemgtb. 

I  Linie    =  .0798  inch. 

12  Linien   i  Zoll     =  .95756  incli. 

12  Zoll   I  Fuss    =  .95756 

6  Fuss   I  Klafter=  5.74536  feet 

10  Fuss   t  Ruthe  =9.5756  feet 

In  surveying,  the  Fuss  is  divided  into  10  Zoll,  and  i  Zoll  into  10  Linien. 
The  EUe  contains  2  Fuss  10^  Zoll,  =  2.733  ^^et 

IL  Bavarian  Miasurbs  op  Surface. 

I  Square  Zoll  =  .91692  square  inch. 

144  Square  Zoll ....    i  Square  Fuss  =  .91692  square  foot 

100  Square  Fuss  ...    i  Square  Rudie         »       10.188  sqntoe  yards. 

400  square  Jiuthen  {  '  ''^j^'^  }  =  {  ^y^" 

III.  Bavarian  Measures  of  Volume. 

I  Cubic  Zoll  =         .878  cubic  inch. 
1728  Cubic  Zoll   I  Cubic  Fuss=        .878  cubic  foot 

»6C«bfcFu«(6x6x3>^Fuss)  i  Klafter      =  {  ^H^j^ I::;),'*' 

rV.  Bavarian  Measures  of  Capacity, 

Dry  Measure. 

I  Dreisigers  .12745  peck. 

4  Dreisigers   i  Maassl    =  .12745  busheL 

4  Maassls   i  Viertel    =  .5098  bushel. 

2  Viertel    i  Metze     -  1.0196  bushels. 

6  Metzen   i  Schaifel  -  6. 11 76  bushels. 

4  SchalTel   i  Muth     =3.0588  quarters. 

Lifmd  M&uure, 

I  Maukannes     -23529  gallon. 

64  Maaskannen   i  Eimer      »  15.05856  gallons. 

25  Eimer   i  Fass        » 376.464  gallons. 

The  Schenk-Eimer,  ordinarily  used  in  the  Wine  trade,  contains  only 
60  Maaskannen,  equal  to  14.1174  imperial  gallons. 

V.  Bavarian  Measures  of  Weight. 

I  Qiientdien=       •15433  ounce. 

4  Quentchen   i  Loth       =        -6173  ounce. 

32  Loth   I  Pfbnd      =       i*^3457  pounds. 

-p^-*"  =  { 'ttij 
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KINGDOM  OF  WURTEM BERG.— Old  Weights  and  Measurss.— 

Tabks  Na  47-  W  . 

L  VVURT£MB£RG  MEASURES  OF  LENGTH.  /    ,  <^ 

I  Punkte  =  .01128 

10  Punkte   I  Linie  =  .1128  inch. 

10  Linien   i  Zoll  =  1.128  inches. 

10  Zoll   I  Fuss  a  -93995  f^^t. 

10  Fuss   I  Ruthe  *»  9-3995  f^*^^- 

2.144  FUss   I  EUe  =  3.015  feet 

6  Fvus   I  Klafter  =  5-6397  feet 

  'MeUe      =  j  llg^'^.r 

II.  WURTEMBERG  MEASURES  OF  SURFACE. 

I  Square  Zoll    =         1.272  square  inches. 

100  Square  Zoll   i  Square  Fuss   =  •8^35  square  foot 

ICO  Square  Fuss          i  Square  Ruthe  =       88.3506  square  feet. 

384  SquKe  Ruthen...  .  Mcgen        =  {  37<*9  6.6  square  yards,  or 

IIL  WURTEMBBRO  MkASURBS  OF  VOLiniB. 

I  Cubic  Linie    -     .001434  cubic  inch. 

1000  Cubic  Linieii   i  Cubic  Zoll     »    1.434  oobic  inches. 

1000  Cubic  Zoll   I  Cubic  Fuss     =     •83045  cubic  foot 

144  Cubic  Fuss   I  Cubic  Klafter  =  119.583  cubic  feet 

IV.  WuRTEMBERG  MEASURES  OF  CAPACITY. 

Dry  Measure, 

I  Viertlein  =  .305  pint 

4  Viertlein   I  Ecklein  =  1.219  pints^ 

8  Ecklein   i  Vierling  -  1.2 19  gallons. 

4Vierling..«   1  Simri  =  4.876  gallons. 

8  Simii   I  Scheffel  ==4.876  bushels. 

£4pdd  Measure, 

I  Quart  or  Sdioppen  =     .4043  quart 
4  Quarts   i  Helleich  Maass     =    1.6173  quarts. 

10  Helleich  Maass   i  Imi  =    4.0433  gallons. 

16  Imi   I  Eimer  =  64.6928  gallons. 

6  Eimer   i  Fuder  -388.1568  gallons. 

V.  Wt^TEMBBRG  MSAStTRES  OF  WEIGHT. 

I  Quentchen    =       .1289  ounce.  • 

4  Quentchen   i  Loth  =       -S^S^  ounce. 

32  Loth   I  Light  Pfiind  =     1.031 15  pounds. 

S^7pK"}  «  Cenmer       =  .07.396  Pound. 
100  Li^t  Pfhnd   =  103.115  pounds. 
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l66  WEIGHTS  AND  MEASURES. 

KINGDOM  OF  SAXONY.— Old  Weights  and  Msasorbs.* 

Tables  No.  4^. 

I.  Saxon  Measures  op  Length. 

I  Linie  =    .07742  inch. 

2  Linien   i  Zoll  =    -9291  inch. 

12  Zoll   I  Fuss  =    .9291  foot 

2  Fuss   I  EUe  =  1.8583  feet 

a  EUen   i  Stab  —  3*7165  feet 

15  Fussy  a  Zoll   I  Ruthe  (Land  Meaaure)  —  4.697a  yaida. 

16  Fuaa   I  Ruthe  (Road  Measure;  =  4- 95 53  yards. 

I  Lachter  (Mining)         =  2.1873  ya^ds. 
1334.987  Ellen   I  Meile  Post  »  4.6604  miles. 

II.  Saxon  MsAStntEs  of  Surface. 

I  Square  Zoll    -    .8632  square  inch. 

144  Square  Zoll   i  Square  Fuss  =    .8632  square  foot 

300  Square  Ruthen   i  Acker         =  1.4865  acres. 

III.  Saxon  Measures  of  Voluiie. 

I  Cubic  Zoll  s     .80a  X  cubic  inch. 

I7a8  Cubic  2i0ll   z  Cubic  Fuss  »     .8021  cubic  foot 

108  Cubic  Fuss.          I  Klafter  »  86.634  cubic  feet 

3  Klafter   i  Schragen  =  259.873  cubic  feet 

The  Klafter  is  6  Fuss  bv  6  Fuss  by  3  F^  The  Schragen  is  used  in 
the  measurement  of  firewood. 

IV.  Saxon  Measures  of  Capacity. 

Dfy  Measure, 

I  Maasche  =  1*4463  quarts. 

4  Maaschen   i  Metze  =  1.4463  gallons. 

4  Metzen   i  Viertel  »  5.7852  gallons. 

4  Viertel   i  Scheffel  =  2.8926  bushels. 

12  Scheffel   i  Maiter  =  34.7124  bushels. 

2  Maiter   i  Wispel  =  69.4249  bushels. 

Uptid  Afeasune. 

I  Quartier  =     .2059  pint 

4Quartier           i  Nossel  »     .8237  pint 

a  Nossel             i  Kanne  s  1.6474  pints. 

36  Kannen           i  Anker  -  7.4237  gallons. 

a  Anker             i  Eimer  =  14.8262  gallons. 

3  Kimer               i  Oxhoft  ^  44.4687  gallons. 

6  Eimer              i  Fass  or  Barrel  =  88.9374  gallons. 

V.  Saxon  Measures  of  Weight. 
The  old  Saxon  measures  of  weight  are  the  same  as  those  of  Prussia. 
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GRAND  DUCHY  OF  BADEN.— Old  Weights  and  Measures.— 

Tables  No.  49. 

I.  Baden  Measures  of  Length. 


1  Punkte  =  .0118  inch. 

10  Punkte                      I  Linie  =  .118  inch. 

10  Linien                      i  Zoli  =  1.181  inches. 

10  Zoll                        I  Fuss  «  .9842  foot 

a  Fuss                     I  EUe  =  1.9685  feet 

10  Fuas                     I  Ruthe  =  9.84a 7  feet 


6  Fuss   1  KJafter  =      5- 905  5  feet 

14814.815  Fuss   I  Stunde   =  4860.59  yards. 

3  Stunden   i  Meile    -     5*5234  miles. 

II.  Baden  Measures  op  Surface. 

I  Square  Zoll  =  1-395 1  square  inches. 

100  Square  Zoll           i  Square  Fuss  =  .9688  square  foot. 

100  Square  Fuss         i  S(}uare  Ruthe  »  10.7643  square  yards. 

100  Square  Ruthen...  i  Viertel  =  1076.43  square  yards. 

4  V-ertel   .  Megan         =  j 

III.  Baden  Measures  of  Volu.me. 

I  Cubic  Fuss  =       -95335  cubic  foot 
144  Cubic  Fuss   I  KJafter       =  i37>28  cubic  feet 

IV.  Baden  Measures  op  Capacity. 

Liquid  Measure, 

I  Glass  -      1.0563  gills. 

10  Glass   I  Maass  =      1.3204  quarts. 

10  Maass   i  Stutze  =      3-3014  gallons. 

10  Stutzen   I  Ohm  =  33.014  gallons. 

10  Ohm   I  Fuder  =  330.14  gallons. 

Dry  Measure, 

I  Becher  =     •2643  pint 

10  Becher   i  Maasslein  «     .1652  peck. 

10  Maasslein   i  Sester  =      .4127  bushel. 

10  Sester    i  Malter  =    4.1268  bushels. 

10  Malter.....   i  Zuber  »  41.2679  bushels. 

V.  Baden  Measures  op  Weight. 

I  As  a      -7716  grain. 

xo  As   I  Pfennig  =    7.716  grains. 

10  Pfennig   i  Centas  =     .  1 764  ounce. 

10  Centas   i  2^hnling  =    1*7637  ounces. 

ID  Zehnling   i  Pfund  «    1.1033  pounds. 

100 Pfund   I  Centner  si  10.330 pounds. 
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WEIGHTS  AND  MEASURES. 


THE  HAKSB  TOWW 8.— Old  Wbigbts  and  Measure& — 

Tables  No.  5a 

HAMBURG.— Wbigbts  and  Mbasures. 

L  Hamburg  Measures  of  Length. 


I  Achtel  =  -1 1 75  incli. 

8  Achtel                I  Zoll  =  .9402  inch. 

12  Zoll                   I  Fuss  =  .9402  fool. 

2  Fuss                 I  EUe  =  1.8804  feet 

6  Ftiss  I  Klafter,  or  Fadens  5.6413  feet 

14  Fuss  I  Marsch-Ruthe  -  13.1629  feet 

16  Fuss  I  Geest-Ruthe  =  15.0434  feet 


The  Hamburg  EUe  above  is  used  for  silk,  linen,  and  cotton  goods.  The 
Brabant  EUe  is  equal  to  i  Vs  Hamburg  EUe;  and  4  of  them  are  reckoned 
equal  to  3  yards.  The  Prussian  Ruthe  is  ahM>  used.  The  Prussian  Fuss  is 
used  in  surveying. 

II.  Hamburg  Measures  of  Surface. 

I  Square  Zoll 
144  S(iuare  Zoll....  i  Square  Fuss 
1 96  Square  Fuss...  x  Square  Marsch-Ruthe 
256  Square  Fuss...  i  Square  Geest-Ruthe 

**^^r!^^^"  }  '  ^^^^^^  Geest.Land 
600  Sq.  Marsch-  )  ^ 

Ruthen...r^^'«^ 

III.  Hamburg  Measures  or  Volume. 


I  Cubic  Zoll        =    .8311  cubic  inch. 

1728  Cubic  Zoll          I  Cubic  Fuss       =    .8311  cubic  foot 

88.9  Cubic  Fuss....  I  (Cubic)  Klafter  =  73.88  cubic  feet 
ISO  Cubic  Fuss  i  Tehr  =99-73  cubic  feet 

IV.  Hamburg  Mbasures  op  Capacity. 

Liquid  Measure. 

I  Ossel  =      .09965  gallon. 

2  Ossel              I  Quartier  =  -1993  gallon. 

2  Quartier          i  Kanne  =  -3987  gallon. 

2  Kannen  i  Stubchen  .7974  gallon. 

I  Stubchen  x  Viertel  =  t.5947  gallons. 

4  Viertel            i  Kimer  =  6.3788  gallons. 

5  Viertel  x  Anker  =  7.9735  gallons. 

6  Eimcr              i  Tonne  =  38.2728  gallons. 

4  Anker              i  Ohm  =  31.8940  gallons. 

6  Anker              i  Oxhoft  =  47.8410  gallons. 

6  Ohm                I  Fiultr,  or  Tonneau  191.3640  gallons. 


The  above  arc  measures  for  \V'ines  and  Si)irits.  For  Beer,  there  are 
three  sizes  of  Tonne,  containing  respectively  48,  40,  and  32  Stubchen. 


.8840  square  mch. 
.8840  .sciuare  foot 
173.26  square  feet 
926.30  square  feet 
5028.98  square  yards,  or 

1.039  Rcres. 
II 550193  square  yards,  or 
2.386  acres. 
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Dry  Measure. 

I  Small  Maass  =  .0236  bushel. 

3  Small  Maass   i  Large  Maass  -  .0473  bushel. 

4  Large  Maass   i  Spint  =  .1890  bushel. 

4  Spint.  I  Himten        =  .7560  bushel. 

2  Himten....  i  Fass  =  1.5121  liiiskds. 

a  Fass   i  Scheffel        »  3.0243  bushds. 

10  Schefifeln  i  Wispel         s3a24i6  bushels. 

3  Wispel  I  Last  »  90.724&  bushds. 

For  bailey  and  oats,  the  Sdieffd  contains  3  Fass. 

V.  Hamburg  Measures  of  Weight. 

zHalfGiamme  =  .0011  pound  =.5  gramme. 

10  Half  Grammen  i  Quint  =  .01x02  pound  =  5  gnunmes. 

xo  Quinteu           i  (New)  Unze  =:  .11023  pound  =50  „ 

10  (New)  Unzen..  i  (New)  Pfiind  =  i.ro232  pounds  =  500  „ 

100  (New)  Pfund  I  Centner  ^  110.232  pounds   =  5okilog. 

60  Centners.  i  (Commeicial)Last «  {  ^oJi;9srtons'' }  =  ^ooo kUog. 

TTiis,  it  is  apparent,  is  a  metric  system  of  weights,  which  was  comparatively 
recently  introduced  and  adopted  at  Hamburg.  It  is  now,  of  course,  over- 
ruled by  the  French  metric  system  enforced  for  the  German  Empire. 


BREMEN. — Old  Weights  and  Measures. 

The  Fuss  is  equal  to  11.392  inches,  and  the  Klafter  is  equal  to  5.696 
feet  The  Morgen  =  .6368  acre.  The  principal  measures  for  wines  and 
q[>irits  are  the  Viertel  =1.56  gallons;  the  Anker  =  5  Viertels^  7.80  gallons; 
the  Oxhoft  s  46.80  gallons.  The  Sdieffel,  for  diy  goods  s  2.0388  bushels. 
The  old  wdglits  are  the  same  as  those  of  Hamburg. 


LUBEC. — Old  Weights  and  Measures. 

The  Fuss  is  equal  to  11.324  inches.    The  Viertel  =1.60  gallons;  the 
Anker  -  8  gallons ;  the  Oxhoft  ^  48.04  gallons.    The  Scheffel,  for  dry  goods, 
=  .9545  bushel.    The  old  Pfund  =1.0725  pounds,  and  the  Centner - 
1.0725  cwts. 


GERMAN  CUSTOMS  UNION.— Old  Weights  and  Measures.— 

Table  No.  51. 

Centner   1x0.23  pounds  (50  Idlogiammes). 

Ship- Last  of  timber          about  80  cubic  feet 

Scheffel   1. 512  bushels. 

Klafter   6  feet. 

In  Oldenburg,  Hanover,  Brunswick,  Saxe-Altenbourg,  Birkenfeld,  Anhalt, 
Waldeck,  Reuss,  and  Schaumbuig-Lippe,  the  old  system  of  weights  is  the 
same  as  that  of  Prussia. 
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AUSTRIAN  EMPIRE. — ^WEIGHTS  AND  MbASURBS. — TablcS  No.  52. 

L  Austrian  Measures  of  Length. 

I  Punkte  =         .0072  inch. 

19  Punkte   I  Iadm  =         .0864  inch. 

13  Linien   i  ZoU  =  10371  inches, 

12  Zoll   I  Fuss  =  1.03  7 1  feet. 

2  Fuss   I  Elle  =  2.0742  feet. 

6  Fuss   I  Klafter  =  6.2226  feet. 

4000 Kl-fter   .  M«le(po«)-  { '''l',r'^ 

II.  Austrian  Measures  of  Surface. 

I  Square  ZoU  =  1.0756  square  inches. 

144  Square  ZoD   i  Square  Fuss  =  1.0756  square  feet 

.  .  o  f  3S.7225  square  feet, OT 

36  Square  Fuss   i  Square  Klafter  =  |  ^^'^02$  square  yaids. 

g  Y^^r^  Square  Ruthe  =      35.854  sq-e  yards. 

64  Square  Ruthen         i  Metze  =     2294.7  square  yards. 

3  Metzen,  or  )    ,   ,  _  f  6884  square  yards,  or 

1600  Square  Klafter  /  \     1.4223  acres. 

III.  Austrian  Measures  of  Volume. 

Cudi^  Mtasure. 

I  Cubic  Zoll      =       1*1155  inches. 
1738  Cubic  Zoll       I  Cubic  Fuss     =       1.1155  cubic  feet 

.,6  Cubic  X  Cubic  Klafter  =  {  ^'H^^^^^'^ 

IV.  Austrian  Measures  op  Capacht. 

Dry  Measure, 

tPiobmetzen  =j  3:665"?!" mdies. 

8  Probmetzen   i  Becher  =       .8460  pint 

4  Becher    i  Futtermassel  =      1.6920  quarts. 

a  Futtenuassel         ,  Muhlma^el   ={  ^ij^^ton!" 

3  Muhlmassel   i  Achtd         »     1.6930  gallons. 

^Achte,   .Vierte.  -  {  'ig: 

4Viertel   i  Metze  =      1.69 18  bushels.  , 

^  w  /  50-7536  bushels,  or 
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Liquid  Measure. 

iP6ff     =i  i.«46gais,OT 

(  10.7S1  cubic  inches. 

,  Pfiff              I  Seidel  =  I    '-49'  or 

I      .6229  pint 

2  Seidel              i  Kanne  =  1-2457  pints. 

2  Kannen            i  Mass  =  1-2457  quarts. 

10  Mass               I  Viertel  =  3.1 143  gallons. 

4  Viertel             i  Eimer  =  12.4572  gallons. 

3a  Eimer            z  Fuder  =  398.6304  gallons. 

V.  Austrian  Measures  of  Weight. 

«  T»A»«;«i<r      »  /  *70^  grains,  or 
I  Pfemung     »  j     ^^^^^  ^^^^^ 

4  Pfenning         i  Quentchen   »       2.4694  drams. 

-~     .  .   ...  /     0.8776  drams,  or 

4  Quentchen...  i  Loth  =< 

^  ^  (      .0173  ounce. 

a  Loth   I  Unze         s       1-2347  ounces. 

4  Unzen          i  Vierdiqge     =      4.9388  ounces. 

aVierdiiwes       1  Mark  -/     9-877^  OUncCS,  Of 

2  vierduiges...  i  Mark  -  \      5,^3  po„nd  avoiidupois. 

16  Unzen     i"  '  ^"^^         =       1.2347  pounds  avoirdupois. 

100  Flimd   I  Centner      =  /  "3-47  pounds  avoirdupois,  or 

«vw  xiHuu... ......  «  I     1. 1024  hundredweights. 

In  1853,  a  pfund  of  500  grammes,  with  decimal  subdivisions,  was  adopted 
for  customs  and  fiscal  purposes. 


RUSSIA. — Weights  and  Measures. — Tables  No.  53. 
L  Russian  Mbasurbs  op  Length. 


English  Equivalent. 

I  Vershok  =        1.75  inches. 

16  Vershoks....'.          i  Arschine  ^  „ 

3  Arschines    i  Sa|ene    =        7  feet. 

(  3500  feet,  or 

500  Sajenes   i  Veist     =  <  1166^3  yards,  or 

(  0.6629 


The  Fuss,  or  Russian  foot,  is  13.75  inches;  but,  since  1831,  the  English 
foot  of  1 2  inches  has  been  used  as  the  ordunaiy  standard  of  length,  each 
inch  being  divided  into  12  parts. 


I  Litoanian  Meile   5-5574  English  miles. 

I  Rhein  Fuss,  used  in  calculating  1  i?   1  u  i-  ^ 

export  Altie*  on  timbei        |    1.03  English  feet. 
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WEIGUib  AND  MEASURES. 


II.  Russian  Measures  of  Surface. 


I  Square  Aischnlec 
9  Square  Aiadmiei..  i  Square  Sajene  = 

2400  Square  Sajenes       1  Desatine         =  | 


784  square  inches,  or 
5.444  square  feet. 
49  square  feet,  or 
5.444  square  yards. 
^  j  13,066  square  yards,  or 
2.70  acres. 


For  earthworks,  masonry,  &c,  the  Sajene  is  divided  into  fm/As  (dessiatka), 
hmdruUks  (sotfca),  and  tkmmndthi  (tisiatdika),  which  are  used  as  a  basis 
for  lineal,  superficial,  and  cubic  measvements,  similarly  to  the  French 
metre  with  its  sub-midtiples. 


III.  Russian  Measures  of  Capacity. 


Liquid  Mauun, 

I  Tscharkey 

loTschaikeys         i  Kruschka 

100  Tscharkeys         i  Vedro 

3  Vedros   i  Anker 

40  Vedros,  or  ) 
13  V3  Ankers  j  " 


-{ 


.8656  gill,  or 
.2164  pint 

1.0820  quarts. 

2.7049  ^sllona. 

8.1 147 


I  Sarokowaja  Bodika  =  108.196 


9* 


Dry  Measure  (Grain). 

I  Gamietz  = 

2  Gamietz   i  Tschetwerka  = 

4  Tschetwerkas...  i  Tschetwerik  = 
2  Tschetweriks....  i  Pajak  » 

a  Pajaks   i  Osmin  » 

2  Osmins   x  Tschetweit*  = 


2.885  Quarts. 
1.4424  gallons. 
.7213  bushel 
1.4426  bushelSb 
2.8852 

5-7704 


9» 


16  Tschetwerts        i  Last 


{11.5408  quarters,  or 
1.154 


inq>ekial  lasts. 


•A  Tschetwert    u-^ually  reckoned  as  5V  bushds,  and  lOO Tschetwots SB 72 quarlen^ 
though  they  are  more  exactly  72. 1308  quarters. 
100  quarters  are  equal  to  138.637  Tschetwerts. 

IV.  Russian  Measures  of  Weight. 


I  Dolis 

96  Dolis   I  Zolotnick 

3  Zf)lotnicks...  i  I.otti 

8  Zolotnicks...  i  Lana 
12  I^mas,  or  \ 

32  Lottis,  or   >  I  Funt,  or  pound 

96  Zolotnicks  ) 

40  pounds   I  Pood 

10  Poods   I  Berkovitz 

3  Berkovitz.....  i  Packen 


.68576  grain. 
65.833  grains,  or 
.1505  ounce. 

.4514 

1.2037  ounces. 

.90285  pound  avoirdupois,  or 
14.446  ounces,  or 
6320  grains. 
36.114  pounds  avoirdupois. 

{361.14  pounils  avoirdupois,  or 
3.224  hundredweights. 
9.672  ^hundredweights. 
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HOLLAND,  B£LGIU1I1,  I^ORWAY,  ETC  I73 

62.0257  Poods   I  English  ton. 

2481.0268  Russian  pounds   i  ,, 

TTie  Pood  is  commonly  estimated  at  36  pounds  avoirdupois. 
The  Nuremberg  pound,  used  for  apothecaries'  weight,  weighs  5527  grains, 
or  about  .^6  pound  troy. 

The  Ship-Last  is  eqiud  to  2  tons  nearly. 

The  Carat,  for  weighing  pearls  and  precious  stones,*  is  about  3  '/e  grains. 


HOLLAND. 

The  metric  <;vstem  was  adopted  in  Holland  in  1819;  the  denominations 
corresponding  to  the  French  are  as  follows: — 

Length. — Millimetre,  Streep;  centimetre,  Duim;  decimetre.  Palm;  metre. 
El;  decametre,  Roede;  kilometre,  Mijle. 

Surface, — Square  millimetre,  Vierkante  Streep;  square  centimetre,  Vier- 
kante  Duim;  and  so  on.   Hectwe,  Vierkante  Rinder. 

CubU  Measure, — ^Millistere,  Kubicke  Streep,  and  so  on. 

Capacity. — Centilitre,  Vingerhoed;  decilitre,  Maatje;  liquid  litre,  Kan; 
dry  litre,  Kop;  decalitre,  Schepel;  liquid  hectolitre,  Vat  or  Ton;  dry 
hectolitre,  Mud  or  Zak;  30  hectolitres  =  1  Last  =  10.323  quarters. 

Weight. — Decigramme,  Korrel;  gramme,  VVjgteje;  decagramme,  Lood,* 
hectogramme,  Onze;  kilogramme.  Pond. 


BELGIUM. 


The  French  metric  system  is  used  in  Belgium.  The  name  livn  is 
Aibstituted  for  kilogramme,  IMrm  for  litre,  and  Aune  for  metre. 


DBNMARK. 

WncHTS  Aim  Measures. — ^Tables  No.  54. 

L  Danish  Measures  of  Length. 

I  linie  -  .0858  inch. 

12  Linier   i  Tomme  =  1.0297  inches. 

12  Tommer        i  Fod  =  1.0297  feet 

2  Fod   I  Alen  =  a.0594  „ 

» F^°'  "   f  •  ^    ■      -       "-3567  „ 
2,000  Roder,  or  i     j^-,  ^  (  8237.77  yards,  or 

34,000  Fod        j  (      4.68055  miles. 

23,643  Fod   I  nautical  mile  =        4.61073  EngMsh  miles. 

II.  Danish  Measures  of  Surface. 

144  Square  Linie         i  Square  Tomme  =  t.0603  square  inches. 

144  Square  Tomme...  i  Square  Fod  =  1.0603  square  feet 
144  Square  Fod.         i  Square  Rode    =  16.966  square  yards. 
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174  WEIGHTS  AND  MEASURES. 

IIL  Danish  Mbasurbs  op  Volume. 

1728  Cubic  Linier         i  Cubic  Tomme  =  1.09 18  cubic  inches. 

1728  Cubic  Tofmne....  i  Cubic  Fod      =  1.09 18  cubic  feet. 

The  Favn  of  firewood  measures  6x6x2  Fod  =72  cubic  Fod  =  78.60 
cubic  feet  In  forest  measure  it  is  6>^  x  6>^  x  a  Fod  »  84^  cubic  Fod  = 
92.96  cubic  feet 

IV.  Danish  Mkasurbs  of  Capacity. 
Ziptid  Mmsun, 


I  Paegle  =      .4248  pint. 

4  Paegle   i  Pot  =    1.699 1  pints. 

9  Potter   I  Kande  «    3-39^3  » 

38  Potter   I  Anker  -    8.0709  gallons. 

136  Potter   I  Tonde  =  28.885  » 

6  Ankeme   i  Oxehoved  =  48.4256  „ 

4  Ozehoveder   i  Fad  =  193.7027  „ 

Dry  Measure. 

I  Pot  =  1.6991  pints. 

18  Potter   I  Skeppe  =  3.8232  gallons. 

2  Skepper   1  Fjerdingkar  =    .9558  bushel. 

4  Fjerdingkar          i  Tonde  3.8231  bushels. 

12  Tonder   i  Laest  -45-8769  „ 

V.  Danish  Measures  op  Weight. 

I  Ort  =    7*7163  grains. 

10  Ort   I  Kvint  =  77-163  „ 

100  Kvintcn   I  Fund  =    1.1023  pounds. 

ICO  Pund   I  Centner  =110.23  „ 

40  Centner   i  Last  =     1.9684  tons. 

52  Centner   i  Skip-Last  =    2*55 9^^  » 


16  Pund   I  Lispund     =  17.637  pounds. 

320  Pund   t  Skippund         3.149  cwts. 


8WBDBN.— Weights  and  Measures. — ^Tables  No.  55. 

L  Swedish  Mp:asures  of  Length. 

I  Linie     =  .1 169  inch. 

10  linler   i  Turn     =  1.1689  inches. 

10  Turner          i  Fot      =        x  1.689  2  „ 

10  Fot   I  Stang    «  9-74ii  feet 

loStanger          i  Ref       =         32.4703  yards. 

i^^- iMdle  -{"'^tg/^" 

2  Fot   I  Aln      =  1-942  feet. 

6  Fot   I  Faden  =•  5-845  n 
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II.  Swedish  Measures  of  Surface. 

loo  Square  Linier...  i  Square  Turn    =         1.3666  square  inches* 
100  Square  Turner.,  i  Square  Fot      =  .94^9  square  foot 

100  Square  Fot          1  Square  Stang    =         3.5146  square  yards. 

iooSquaieStti>ger  iSqii««Ref    -  j  "^'^'.^g"^"'^'' 

4  Square  Fot.       i  Squaie  AIn     »        3<7956  squaie  feet 

S.«  Sqam  Ret...  i  Ttomland      -  /  "^l.T^J?^  * 
^  \     1.3190  acres. 

III.  Swedish  Measures  of  Volumb. 

Ct4dk  Measure, 

I  Cubic  Turn  s  1.5972  cubic  inches. 

1000  Cubic  Turner   i  Cubic  Fot    =  .9263  cubic  foot 

8  Cubic  Fot   I  Cubic  Aln   =  7.4104  cubic  feet 

Liquid  and  Dry  Measure. 

1000  Cubic  Linier   i  Cubic  Turn  =    .1843  gill. 

100  Cubic  Turner   i  Kanna  =s  2.3096  quarts. 

10  Kanna   i  Cubic  Fot  »  5*774  gallons. 

8  Cubic  Fot   I  Cubic  Aln  «  46.192 

IV.  Swedish  Msasuus  of  Weight. 

I  Kom  »      .6564  grain. 

xoo  Kom   X  Ort  =     2.4005  drams. 

100  Qrt   I  Skiilpund  =      .9377  pound. 

,00  SldlpmHl   I  Centner  -  {  «-|7^9  pound,,  or 

100  Centner   z  Ny-Last    -     4.1892  tons. 

7^  nuHrk  sydem  wSl  heeom  otHgaiory  m  1889^ 


NORWAY. 

Th$  J^wek  wuMc  sysim  is  in  fares  in  Noms^. 


8WITZBRLAND. — ^WEIGHTS  AND  MEASURES.— Tables  Na  56. 
I.  Swiss  Measures  of  Length. 

I  Striche   =  .01181  inch. 

10  Striche         i  Linie   =  .11811  „ 

10  l!inien         i  ZoU   =  1. 18 11 2  inches. 

loZoll   z  Fuss (3  decimetres)....  =  11.81124  „ 

2  Fuss           I  EUe   -  1.9685  feet 

6  Fuss.. r        I  Klafter   s  5.9056  ,» 

10  Fuss           z  Ruthe   =  9  8427  „ 

x6oo  Ruthcn  ....  z  Schwcizer^de,  or  lien  =  | 
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II.  Swiss  Measures  of  Surface. 

I  Square  Zoll      =      13 94 7  square  inc 

100  Square  Zoll          i  Square  Fuss      =        ,9688  square  foot. 

36  Square  Fuss         i  Square  Klafter  =     34.8768  square  feet. 

100  Square  Fuss         1  Square  Ruthe   =     10.7643  sciuare  yards 

400  Square  Ruthen..  i  Juchart  =       .8694  acre. 

6400  Jucharten          i  Square  Stunde  ^  5693.52  acres. 

350  Square  Rotfaen   x  Judiart,  of  meadow  bad. 

450  Square  Rotfaen.   x  Jnchatty  of  woodland. 

UL  Swiss  Mxasukbs  of  VouniB. 

I  Cubic  ZoW     =  1.6476  cubic  inches. 

1000  Cubic  ZolL          I  Cubic  Fuss    =    •9535  cubic  foot 

216  Cubic  Fuss         I  Cubic  Klafter  »  7.6172  cubic  yards. 

xooo  Cubic  Fvas         x  Cubic  Ruthe  =  35.3166  „ 

IV.  Swiss  MSASVRBS  OF  CaFACITV. 

Dry  Measure. 

I  Imi  =  1.3206  quarts. 

10  Imi   I  Maass        =    .4x27  bushel. 

xo  Maass   i  Malter       =  4.126S  bushels. 

Liquid  Measure, 

2  Halbschoppen   x  Scfaoppen  ,  =  2.64x2  gills. 

2  Schoppen   x  Halbmaass  =  x.3206  pints. 

2  Halbmaass  ^   x  Bfaass        =  2.64x2  „ 

xoo  Maass   x  Samn         =33*015  gallons. 

y.  Swiss  Mbasdus  or  Weight. 

I  Quntli  =  2.2048  drams. 

4  Quntli           X  Loth  =  -5511  ounce. 

2  Loth             X  Unze  =  X.X023  ounces. 

16  Unzen           x  Pfiind  =  X.X023  pounds. 

xoo  Pfiind            I  Centner  =  xxo.233  pounds,  or  .9842  cwt. 

The  Pfiind  is  divided  into  halves,  quarters,  and  eighths.  It  is  also 
divided  into  500  Gnunmes,  and  decnnally  into  Deagrammes,  Centi- 
grammes, and  Milligrammes. 


SPAIN. — ^Weights  and  Measures, — Tables  No.  57. 

The  French  metric  system  was  established  in  Spain  in  X859W  The  metre 
is  named  the  Metro;  the  litre,  Litro;  the  gramme,  Gramme;  the  are.  Area; 
the  tonne,  Tonelada,  The  metric  system  is  established  likewise  in  tike 
Spanish  colonies.    The  old  weights  and  measures  are  still  largely  used. 
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I.  Old  Spanish  Measokbs  of  Length. 

I  ¥mao  ^  .00644  inch. 

1.2  PuntDS  I  Linea  «=  .07725  inch. 

12  Lineas  i  Pulgada  ~  .927  inch. 

6  Pulgadas  i  Sesma  =  5.564  inches. 

2  Sesmas   i  Pies  de  Burgos  =    -9273  foot. 

3  Pies  de  Burgos  i  Vara  =  2.782  feet. 
2  Varas  i  Estado  =  5.564  feet 

4  Varas  I  Estadal  =  11.128  feet 

5000  Vans  I  Legua  /Castilian)  =  2.6345  miles. 

Booo  Vans.  i  Legua  (Spanish)  =  4.2151  miles. 

II.  Old  Spanish  Measures  of  Surface. 

1  Square  Pies  -     .860  square  foot. 

9  S(iuare  Pies          i  Square  Vara  -    .860  square  yard. 

16  Square  Varas       i  Square  Estadal  =  13- 7 59  square  yards. 

50  Square  Varas....  i  Estajo  =42,997  square  yards. 

576  Square  Estadals.  i  Fan^ada  =  1.6374  aooes. 

50  Fanegadas.  i  Yugada  =81.870  acres. 

III.  Old  Spanish  Measures  of  Capacity. 
Liquid  Measure, 

I  Capo  =  .888  gill. 

4  Capos   I  Cuartillo  =  .111  gallon. 

4  Cuartillos         i  Azumhre  =  .444  gallon. 

2  Azumbres ......  i  Cuartilla  =  .888jgallon. 

4  Cu^till.....  {  I  AnobaMayOJ^or  Canunt  j  ^  WJ.*^ 

16  Cantanw  i  Idayo  =56.832  gallons. 

The  old  measure  for  oil  is  die  Arroba  Menor=  8.7652  gallons. 

Dry  Measure, 

1  Ocha\'illo  =  .^765  peck. 

4  OchanriUos..* ......  i  Racion  »  •0314  P^ck. 

4  Raciones... i  QuartiUo  ■  .0314  bushel. 

2  Quartillos.  «  i  Medio  —  .0628  bushel. 

2  Medios                i  Almude  =  .1256  bushel. 

13  Amuerzas  i  Fanega  =  1.5077  bushels. 

12  Fanegas                i  Cahiz  e  18.0990  bushels. 

IV.  Olb  Spanish  Wjughts. 


I  'Qiaiio  s  .771  gram. 

IB  CfaaaoB...^*.  I  Tomin  ^  9*241  gnna. 

3Tomines...,  i  Adarme  =  27.74  grains. 

2  Adarmes  ....  i  Ochavo,  or  Drachma  =  .1268  ounce. 

8  Ochavos        i  Onza  =  1.0144  ounces. 

8  Onzas          i  Marco  =  8. 1 1 54  ounces. 

2  Maccos        i  Libra  (Castilia  a)  «  1.0144  pounds. 

too  Libras   i  Quintal  »  soi.442  poundiL 

10  Quintals  i  Tonelada  s  fiounds. 
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WEIGHTS  AND  MEASURES 


PORTUGAL. 

The  French  metric  system  of  weights  and  measures  was  adopted  in  its 

entirety  during  the  years  1860-63,  and  was  made  compulsor\'  from  the  ist 
October,  1868.  The  chief  old  measures  still  in  use  are,  the  Libra  =  1.012 
pounds ;  Almude,  of  Lisbon  ^3.7  gallons;  Almude,  of  Oporto  =  5.6  gallons; 
Alquiere  ^  3.6  bushels;  Moio  =2.78  quarters. 


ITALY. 

The  French  metric  system  is  used  in  Italy.  The  metre  is  named  die 
Metra;  the  are,  Ara;  the  stb^  Stero;  the  litre,  Litro;  the  gramme,  Gramma; 
the  tonneau  m^trique,  Tonnelata  de  Mare.  The  various  old  weights  and 
measures  of  the  different  Italian  States  are  still  occasionally  used. 


TURKEY. 

Length. — i  Pike  or  Dr^  =  27  inches,  divided  into  24  Kerats;  i  Forsang 
=  3.116  miles,  divided  into  3  Bern;  the  Surveyor's  Pik,  or  the  Halel^ 

=  27.9  inches;  and  5  '/^  Halebis  =  i  reed. 

Surface, — The  scjuares  of  the  Kerat,  the  Pike,  and  the  Reed.  The 
Feddan  is  an  area  equal  to  as  much  as  a  yoke  of  oxen  can  plough  in  a 
day. 

Capacity^  Dry, — ^The  Rottol  =1.411  quarts,  contains  900  Dirfaems; 
22  Rottois  =  I  Killows  7.763  gallons,  or  .97  bushel,  the  chief  measure  for 

grain. 

Liquid. — i  Oka  =1.152  pints ;  8  Oke  =  i  Almud  1.152  gallons;  i  Rottol 
=  2.5134  pints;  ICQ  Rottols  ^  i  Cantar  -^31.417  gallons. 

Weights. — The  Oke  2.8342  pounds,  divided  into  4  Okiejehs,  or  400 
Dirhemsof  1.81  drams;  i  Rottoio  =  1.247  pounds;  100  Rottolos  =  i  Cantar 
=  124.704  pounds. 


GREECE  AND  IONIAN  ISLANDS. 

The  French  metric  system  is  employed  in  Oreece.  The  metre  is  named 
the  Pecheus;  kilometre,  Stadion;  are,  Stremma;  litre,  Litra;  gramme, 
Drachmd     i^^   kilogrammes  =  i    Mn4;  Quintals  -  I  Tolanton 

i/^  Tonneaux=  i  Tonos    29.526  cwts. 

In  the  Ionian  Islands,  whilst  they  were  under  the  protection  of  Great 
Britain  (1830  to  1864),  the  British  weights  and  measures  were  those  in  use, 
with  Italian  names.  The  foot  was  named  the  Piede;  the  ya^,  the  Jarda; 
the  pole,  the  Camaco;  the  furlong,  the  Stadio;  the  mile,  the  Miglio.  The 
gallon  was  the  Gallone;  the  bushel,  the  Chilo;  the  pin^  the  Dicotile;  the 
pound  avoirdupois,  the  Libra  Grossa;  the  pound  troy,  the  Libra  Sottile. 
The  Talanto  consisted  of  100  pounds,  and  the  Miglio  of  zooo  pounds. 


MALTA. 

In  round  numbers,  3)^  Palmi=  i  yard;  i  Canna=  2  «/?  yards. 
The  Sahna  =  4.964  acres.   Approximately,  543  Square  Palmi  s  400 
square  feet;  16  Salmis  71  acres. 
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I  Cubic  Tratto = 8  cubic  feet;  144  Cubic  Palmi = 96  cubic  feet j  i  Cubic 
Camia = 343  cuHc  feet 

Approximate  weights: — 15  Oncie=i4  ounces;  1  Rotolos^i^  pounds; 
4  Rotoli  =  7  pounds :  64  Rotoli  ^  i  cwt ;  i  Cantaio  » 175  pounds;  i  Quintal 
=  199  pounds;  64  Cantari  =  5  tons. 


EGYPT. — Weights  and  Measures. — Tables  No.  58. 

I.  EGVPnAN  Measures  op  Length. 

Pik,  or  cubit  of  the  Nilometre   ^0  65  inches. 

Pik,  indigenous   22.37  „ 

Pik,  of  merchandise   25.51  „ 

Pik,  of  constroction   39.53  „ 

6  Palms   I  Pik. 

24  Kirats   i  Pik  or  Draa. 

4.73  Piks  of  construction...  i  Kassaba  in  surveying,  =  11.65  feet. 

II.  EkJYPTiAN  Measures  of  Surface. 

I  Square  Pik        =  6.055  square  feet 

22.41  Square  Piks          i  Square  Kassaba  =15.07  square  yards 

333*33  Square  Kassaba,  i  I^eddan  =  •934^ 

III.  Egyptian  Measures  of  Capacity. 

I  Kadah    =  1.684  pints. 

2  Kadahs   i  Milwah  =.  6.735  " 

2  Milwahs   i  Roobah  =  1.684  gallons. 

2  Roobahs   i  Kelah    =  3.367  „ 

2  Kelehs   i  Webek   =  6.734  „ 

<^Webeks   X  Ardeb  ={t4VcuCSt" 

The  Guirbah  of  water  (a  government  measure)  is  V15  cubic  metre  =  66^ 
litres,  or  11.772  cubic  feet. 

IV.  Egvptiam  Measures  op  Weight. 

I  Kamhah  =    .746  grain. 

4  Kamhahs  %....  i  Kerat 

16  Kerats   i  Dirhem    =  i'792  drachms. 

24  Kerats   i  MitkaL 

8  Mitkals   i  Okieh. 

ICQ  Rottols   I  Kantar    =»  98.207  pounds. 

400  Dirhems   i  Oke        =  2.728  „ 

36  Okes   I  Kantar    =98.207  „ 


Digitized  by  Google 


1%0  WJDGHTS  AND  MEASURES. 

MOROCCO. 

ZaigtA, — ^The  Tomin  =  3.81025  inches;  the  Dia^sS  TonioB  =  93.4s* 

inches. 

Capacity, — ^The  Muhd  =  3.08155  gaMons;  the  Sai  =  4  Mtihdss  ia.3354 

gallons. 

IVcig/Us. — The  Uckia  =  392  grains;  the  Rotal  or  Artal  =  2o  Uckieh  = 
1. 12  pounds;  the  Kintar=  100  Rotates  =  112  pounds. 

Oil  is  sold  by  the  Kula^  3.3356  gallons.  Other  liquids  are  sold  by 
weight 


TUMia. 

Length. — The  Dliraa,  or  Pike,  is  the  unit  of  length.  The  Arabian  Dhraa, 
for  cotton  goods  ^  19.224  inc  hes  ;  the  Turkish  Dhraa,  for  lace  =  25.0776 
inches;  the  Dhraa  Endaseh,  for  woollen  goods  -  26.4888  inches. 

The  Mil  Sah'ari  -  .9 1 49  mile. 

Capacity, — For  dry  goods  the  881=1.2743  pint;  13  Sai  =  i  Hueba= 
6.8228  gaJlons. 

For  liquids,  the  Pichoune».4654  pint;  4  Pichoiines=i  Potsz.8616 
pints;  15  Pots  =  I  Escapdeau,  and  4  £8candeaiix=  i  MiU^le=  13.9633 
gallons. 


ARABIA. 

The  weights  and  measures  of  Egypt  mt  used  in  Aiabiiw 


CAPE  OF  GOOD  HOPS. 

The  standaxd  weights  and  measures  are  British,  with  the  excepeion  of  the 
land  measufe^  To  some  esotent,  the  old  British  and  the  Dutch  measures 
are  in  twe.  The  general  measure  of  surface  is  the  old  Amsterdam  Mbi^gm^ 
sedDoned  equal  to  3  acxes;  thoi^h  the  exact  value  is  equal  lo  d»xiS54 
acres.   1000  Cape  feet  are  equal  to  1033  British  ieet. 


INDIAN  EMPIRB. — ^WEIGHTS  AND  MEASURES. 

An  Act  ^'«o  provide  ibr  tiie  ulihaate  adoption  of  an  umfonn  system  of 
weights  and  measures  of  capacity  throughout  British  India'*  was  passed  in 
,  October,  187 1.  The  set  is  adopted  under  the  Act  as  the  primary  standard 
or  unit  of  weight,  and  is  a  weight  of  metal  in  the  possession  of  the  Govern- 
ment, equal,  when  weighed  in  a  vacuum,  to  one  kilogramme.  The  unit  of 
capacity  is  the  volume  of  one  scr  of  water  at  its  maximum  densit)',  equiva- 
lent to  the  litre.  Other  weights  and  measures  are  to  be  multiples  or  sub- 
multiples  of  the  ser,  and  of  the  volume  of  one  ser  of  water. 

The  following  are  te  weights  aad  measures  in  ronuBon  use  in  India:-^ 
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BENGAL.— WsiGHTS  AND  Mbasurbb.— Tables  Na  59. 

I.  Bengal  Measures  of  Length. 

I  Jow,  or  Jaub   =       ^  inch. 


3  Jow   1  Ungulee   =  h  ,  yy 

4  Ungulees   i  Moot   =         3  inchfS. 

3  Moots   I  Big'hath,  or  Spam  ^        9  n 

2  Big'haths   i  HAfh,  or  Cubit...  »  18  >r 

sHltli^   I  Goz   =        I  yaid. 

3  Ou2   I  DandayOrFathom  »        a  yards. 

x-^**   'Co«   '{"^.iS^'es. 

4  Coss   I  Yp)^   =        4.5454  miles. 


n.  Benoal  Measures  op  Surface. 

I  Square  Hat'h  =         2.25  scjuare  feet 

4  Square  Hat'hs        i  Cowrie  —         i  square  yard. 

4  Cowries   I  Guada  =        4  square  yards. 

soGundas   i  Cottah  »  80  „ 

-CotUhs   X  Beegah         =  {''^.^^'' 

For  kmd  measnre,  die  foUowing  table  is  U86d  for  GoYemnieiit  safveys^-' 

I  Guz  s      33  lineal  inches. 

3  Guz   I  Baus,  or  Rod  «        8    lineal  feet 

9  Square  Guz         i  Square  Rod  =       68  Vio  square  feet 

400  Sv^  iUxb.....  I  Beegah       -  {  ^//^"^^ 

III.  Bengal  Measures  of  Capacitv. 

The  Seer  is  a  measure  common  to  liquids  and  dry  goods.  It  is  taken 
at  68  cubic  inches^  or  1.962  pints*  fa  volume.   But  it  vazies  in  different 

localities.  5  Seer=  i  Palli,  and  8  Palli^  i  Maund,  or  9.81  gallons.  The 
Sooli  =  3.065  bushels,  and  16  Soolis^  i  Khahoon,  or  49.05  bushels. 

IV.  Bengal  Measures  of  Weight. 

The  'X'olah,  or  weight  of  a  Rupee,  180  grains,  is  the  unit  of  weight. 

I  Tolah      =  180  grains. 

5  Tolahs   I  Chittdk     =  900  „ 

16  Chittaks  ....... I  Seer         -     2.057  pounds. 

5  Seers   i  Passeeree  =  10.286  „ 

i  Passeerees.   r  Maund     =  82.286  „ 


MADRAS. — Weights  and  Measures. — ^Tables  No.  6a 

I.  Madras  Measures  of  LsNGTir. 

The  English  foot  and  yard  are  used.  The  Guz  is  33  inches.  The  Baum 
or  fathom  is  about  Gj4  feet  A  Ndlli-VaUi  is  a  little  imder  miles. 
7  Ndlli-VaUi  a  I  Kddam,  or  about  10  miles.   The  foDowiqg  are  native 
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8  Torah    i  Vurruh    =    .4166  inch. 

24  Vurruh   i  Mulakoli  -  10  inches. 

4  Mulakoli   i  Domna  =  40  „ 

II.  Madras  Msasurbs  or  Surpace. 

The  English  acre  is  generaUy  known.  The  native  measures  are  uncer- 
tain. In  Bladias  and  some  ouer  districts^  die  foUowiqg  native  meaamtft 
are  used: — 

I  Coolie  =      64  square  yards. 
4  V6  Coolies   I  Ground  »     366^  square  yards. 

24  Grounds,  or  )  ^  Cawnie  =  /  ^ 

ICQ  Coolies       j  (      1.3223  acres. 

16  Annas  (each  400  yards),  i  Cawnie. 

III.  Madras  Measures  of  Capacity. 

I  Olluck  =    .361  pint. 

8  Ollucks   I  Puddee  =  1.442  quarts. 

8  Puddees   i  Mercdl  =  2.885  gallons. 

5  Mercals    i  Parah  =  14.426  „ 

80  Parahs   i  Garce  =  18.033  quarters. 

This,  though  the  legal  system,  is  not  used.  The  "customar)'"  Puddee  is 
still  in  general  use;  it  has,  when  shghtly  heaped,  a  capacity  of  1.504  quarts. 
The  Mercdl  has  a  capacity  of  3.0006  gallons;  but,  when  heaped,  it  is  equal 
to  8  heaped  Puddees.  The  Seer-measure  is  the  most  common;  its  cubic 
contents  are  fix>m  66^  to  67  cubic  indies. 

IV.  Madras  Measures  op  Weight. 

I  Tola     =  180  grains. 

3  Tolas                    I  PoUum  =  1.234  ounces. 

8  PoUums                  I  Seer     =  9*874  „ 

5  Seers                     i  Viss      =  3.086  pounds. 

8  Viss                      I  Maund  =  24.686  „ 

-Mmmd.   ,0«d,  -  {^^i^i^Pr'^'^ 

In  commerce,  the  Viss  is  reckoned  as  3j^  pounds;  the  Maund,  25 
pounds;  and  the  Candy,  500  pounds. 


BOMBAY.— Weights  and  Measures.— Tables  No.  6x, 

I.  Bombay  Measures  of  Length. 

I  Ungulee  =  9/«6  inch. 
2  Ungulee   i  Tussoo  -  iji  inches. 

8  Tussoos   I  Vent'h    =9  „ 

16  Tussoos   I  Hat'h     =18  „ 

24  Tussoos   I  Guz       =27  „ 

The  Builder's  Tussoo  =  2.3625  inches  in  Bombay;  and  i  inch  in  Suiat. 
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11.  Bombay  Mbasurbs  op  SmwAxx, 

34  Vfi  Square  Hat'h...  i  Kutty  =         9-8175  square  yards. 


20  Kutties   I  Pund    =      196.35  „ 

'o^^   'BeepJ^-i^'^'i^raT^* 

120  Be^ah   i  Chahur^      97.368  acres. 

In  the  Revemie  Fldd  Survey,  the  English  acre  is  used. 

III.  Bombay  Mbasures  op  Capacity. 

I  Tippree=        .2800  pint 

a  Tipprees   i  Seer     »        .5600  „ 

4  Seers    i  Pylee    s  8.2401  pints. 

16  Pylees   i  Parah  =  4.4802  gallons. 

8  Paiahs   i  Candy  =  35*8415 

2C    I  Mooda  =  /  "2.0045  gaUons, 

*5  jrww»  £  «Ewuu«     ^    1.7501  quarten 


Another  liquid  measure  is  the  Seer  of  60  Tolas  =  1.234  pints. 
In  timber  measurement  in  the  Bombay  dockyards,  a  Covit  or  Candid 
12.704  cubic  feet 


CEYLON. 

The  British  weights  and  measures  are  used 


BURMAH. 

The  English  yard,  foot,  and  inch  are  beins;  adopted;  also  the  English 
Measures  of  Capad^.  f^i^JUs. — ^The  Piakmah  or  Viss  is  3.652  pounds, 
and  contains  100  Kyata  of  252  grains  each. 

♦ 

CHINA.— Wbights  and  MBASURBs.~Tables  Na  62. 

I.  Chinese  Measures  of  Length. 

I  Fen  (line)  =«        .141  inch. 

10  Fen   I  Ts'un  (punto  or  inch)=        1.41  inches. 

10  Ts 'un   I  Ch'ih  (covid  or  foot)  =      14.1  „ 

">^'^   .Ca«ng(«d)  -  j feei:  * 

10  Chang   I  Ym  «     39.17  yards. 

The  Ch'ih  of  1 4.1  inches  is  the  legal  measure  at  all  the  ports  of  trade. 
At  Canton,  the  values  of  the  Ch'ih  are  as  follows: — 

Tailor's  Ch'ih   14.685  bches. 

Mercei's  Ch'ih  fwholesale).   14.66  to  14.724  inches. 

Mercer's  Ch'ih  (retail)   14.37  to  14.56  „ 

Architect's  Ch'ih.   12.7  indies. 

At  Pekin  there  are  thirteen  different  Ch'ihs. 
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lxui£RA&y  Measure.. 

5  Ch'ih  (covids)  i  Pd  (pace). 

360  Pd   I  li  =  about  yi  mile. 

250  Li  (gpQgyaphical).   i  Td  (degree)  «    „    83  miles. 

U.  Chinese  LiANs  Measx^us. 
as  Ch'ih  (cofids)   i  Kang  (bow)*     30^  sqyaie  feet 

Kung.....   .  Mou  (rood)  =  squaiSyiudl' 

100  Mou   I  King         «     x6^  acres. 

The  principal  land  measure  is  the  Mou. 

III.  Chinese  Cubic  Measure,  and  Measures  of  Capacity. 

1 00  Cubic  Chlh  (covids).  i  Fang  or  Ma. 

10  Ho  (giBs)   I  Sh^ng  (pint)  s  about  2  pints. 

10  Sheng   I  Tou  (peck)  «    „    2^  gaQons. 

5  Tou   I  Hu  (bushel)  =         i2j4  „ 

Liquids  are  measured  by  vessels  containing  definite  weights,  as  i,  2,  4, 
and  8  Taels;  also  large  earthen  vessels  holding  15,  30,  and  60  Catties. 

IV.  Chinese  Measures  of  Weight. 

1  Liang  or  Tael  =    i  V3  ounces. 

16  Liang   i  Chin  or  Catty  =    1V3  pounds. 

100  Chin.   X  Tan  or  Picul  - 133 V3  i» 


COCHIN-CHmA. 

Length. — The  Thuoc,  or  cubit.  19.2  inches,  is  the  chief  unit  of  measure 
of  length.  It  varies  considerably  for  different  places.  The  Li  or  mile  is 
486  yards;  2  \A  make  i  Dam;  and  5  Dam  make  i  league  =  2.761  miles. 

Surface. — 9  Square  Ngu  make  i  Square  Sao  =  64  stjuare  yards.  100 
Square  Sao  make  i  Square  Mao  =  6400  square  yards,  or  1.32  acres. 

IVeigMs, — The  smallest  weight  is  the  Ai  =  .0000006  grain,  l^he  weights 
ascend  by  a  decimal  scale,  until  10,000,000,000  Ai  are  accumulated  s 
I  Nen  —  .8594  pound.   The  greatest  weight  is  the  Quan   687  ]4.  pounds. 

Capaeiiy  for  Gram. — i  Uao»6«/9  ^ons.  2  Hao»i  Shita»i24/^ 
gallons. 


PBRSIA. 

Length. — The  Gereh  =  2^  inches;  1 6  Gcrehs i  Zer  =  38  inches.  The 
Kadam  or  Step  ^  about  2  feet;  12,000  Kadam    i  Fersakh  ^  about  4^  miles. 

Surface  and  Cubic  Measures. — These  are  the  squares  and  cub^  of  the 
lengths. 

Capacity  {Dry  Goads). — The  SeKtario  =  .o7236  gallon.  4  Se3Ctario8  = 
I  Chenica;  2  Chentcas  =  i  Capieha;  3^  Capichas  - 1  CoUotaii;  S  Q6Skh 
thun  » I  Areata  =  1.809  bushels. 


Digitized  by  Google 


F£RSIA,  JAPAN.  IS5 

Liquids  are  sold  by  weight. 

Wdgkis. — The  Miscal  =  7i  grains j  16  Miscals=i  Sihr;  100  Miscals  — 
t  RaldBi^i4  p<mnds;  40  SO»»i  Batmaa  (Maiind)  =  6^9  poun^  xoo 
BatBMn  (of  Tabi«ez)»>i  Kax«ar-«649.x43  pouiuds. 


JAPAN. — ^Weights  ahd  Mbasukbs. — ^Tables  No.  63. 
I.  Japanbsb  Mbasurbs  of  Lbnoth. 


6  Shaku. 


I  Rin 

.012  inch. 

I  Boo 

MO  tuck 

I  Sim 

irso  indies. 

I  Shakn 

23  ^/,«  inches. 

I  Jo 

9  feet  1 1 5/, 6  inche* 

I  Ken 

5  feet  1 1  hidies. 

I  Cho 

119.4  yards. 

I  Ri 

(  4298.4  yards,  or 
1       2.442  miles. 

Rough  timber  is  sold  by  the  Yama-Ken-Zaii  -  63  Sun.  Cloth  is  measured 
by  the  Shaku  of  15  inches,  with  decimal  sub-multiples. 

II.  Japanbsb  Mbasurbs  or  Land. 

I  Shaku  ==      .9385  square  foot. 

36  Square  Shaku   i  Tsubo  =     3-954  square  yards. 

30  Tsubo   I  Se       «*  1 18.615  square  yards. 

10  Se.^   1  Tas         39.212  square  pole& 

10  Tan   I  Cho    »    3.451  acres* 

III.  Jajahbsb  Mbabubi»  or  Capacity. 

I  Kei    *-    .0000318  pint 

10  Kei   I  Sat     »    .000318  pint 

10  Sats   I  Sai     «    .00318  pint 

10  Sai   I  Shakii  ■>    .0318  pint 

10  Shaku   I  06     s     .3178  pint. 

10  Go   I  Sho     =     .3973  gallon. 

10  Sho   I  To      =  3.970  gallons. 

10  To   I  Koku  s  39*703  gallons. 

IV.  Japanbsb  Mbasurbs  of  WBiGirr. 

I  Shi  =      .0058  gnin. 

10  Shi   I  Mo  ^  .058 

10  Mo   I  Rin  =  -5797 

toRin.^   t  Fun  «  5.7972 

10  FuUh*.......*.  X  Monune  =  57*97^  >y 

100  Momme   i  Hiyaku-me         .B283  pound. 

1000  Momme   i  K^an»-me  »    8.3817  pounds 

160  Momme.   i  Km  =1^  » 

100  Kin   I  Hiyak-kin  =  132 1^  » 
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WEIGHTS  AND  MEASURES. 


STRAITS  8BTTLBMBNT8. 

The  unit  measure  of  length  is  the  yard;  land  is  measured  by  the  acre. 
The  Chupack  or  quart  of  4  Paus  =  8  imperial  gills;  4  quarts Gantang 
or  gaUon «-  32  gills.  The  Kati  =  i  '/j  pounds;  100  Kati  «=  i  Pkml « 
133 V3  pounds;  40  Piculsr  Kxjyun^sSSS^Ii  pounds. 


JAVA. 

Length. — The  Duun=i.3  inches.   la  Duimssi  foot    The  BU- 

27.08  inches. 

Surface. — The  Djong  of  4  Bahu  ^7.015  acres. 

Capacity,  for  rice  and  grain. —  i'he  measures  are  in  fact  measures  of 
definite  weights,  i  sack  =  61.034  pounds;  2  sacks  =1  Pecul;  5  Peculs 
=  I  Timbang  -  5.45  cwts.;  6  Timbang  =  i  Coyau  =  32. 7  cwts.  For  liquids : 
The  Kan  =  .328  gallon;  388  Kans=  z  Leanr=  127.34  gallons. 

W^t^r—t^  Tael=:  593.6  gnuns;  16  Taeb=:  i  Gatty^  1.356  pounds: 
xoo  Catties  e  I  Feculs  135.63  pounds. 


UNITED  8TATB8  OP  AlflBRICA. 

Length. — The  measures  are  the  same  as  those  of  Great  Britain. 
In  T^nd  Surveying,  the  unit  of  measurement  is  the  chain,  and  it  is  deci- 
mally subdivided. 

In  City  Measurements,  the  unit  is  the  foot,  and  it  is  decimally  subdivided. 
In  Mechanical  Measurements,  the  unit  b  the  inch,  and  it  is  divided  into 
a  hundred  parts. 
Surface. — The  measures  are  die  same  as  those  of  Great  Britain. 

Capacity. — Thf  measures  of  capacity  for  dry  goods  and  for  liquids  are  the 
same  as  the  old  English  measures.  The  standard  U.  S.  gallon  is  equal  to 
the  old  English  wine  gallon,  or  231  cubic  inches;  it  contains  8^  pounds 
of  pure  water  at  62°  F. 

Dry  Measure, — ^Table  No.  64. 


I  gill.  =  .96945  imperial  gilL 

4  gills   X  pint  B  •96945  imperial  pint 

a  pints   I  quart  s  1.9388       „  pints. 

4  quarts   i  gallon  =    96945      „  gallon. 

2  gallons   I  peck  =  1.9388       „  gallons. 

4  pecks   I  bushel  =    .96945  bushel. 

4  bushels   I  coomb  -  3  8777        „  bushels. 

2  coombs   I  quarter  =    96945      „  quarter. 

5  quarters......  iweyorload     4.8472       „  quarters. 

2  weys   I  last  =9-6945       „  quarters. 


For  the  Wine  and  Spirit  Measures,  and  the  Ale  and  Beer  Measures,  see 
the  Old  Measures  of  (keat  Britain,  page  1 39. 

I  cord  of  wood  ==128  cubic  feet  =  (4  feet  x  4  feet  x  8  feet). 

Weights. — The  Weights  are  the  same  as  diose  of  Great  Britain.  (See 
page  140.) 
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BRITISH  NORTH  AMERICA,  ETC. 


There  are,  in  addition,  the  Quintal  or  Centner  of  loo  pounds;  and  the 
New  York  ton  of  2000  pounds,  which  is  also  used,  for  retail  purposes  espe- 
cially, in  most  of  the  States.  The  old  hundredweight  and  old  ton  are,  for 
the  most  part,  supeiseded  by  the  quintal  and  the  New  Yodc  ton.  The 
wholesale  coal  and  inm  ton  is  2240  pomids.  The  French  metric  mtem  of 
weights  and  measures  was  legalized  in  1866  concuirently  with  the  old  system. 


BRITISH  NORTH  AM BRICA^WUOBTB  AMD  MbASURES. 

Until  the  23d  May,  1873,  the  standard  measures  of  length  and  sur&ce, 
and  the  weights,  were  die  same  as  those  of  Great  Britain;  whilst  the 
measures  of  capacity  were  the  old  British  measures  for  dry  goods,  for  wine, 

and  for  ale  and  beer.  At  the  above-named  date  a  new  and  uniform  system 
of  weights  and  measures  came  into  force,  in  which  the  imperial  yard,  pound 
avoirdupois,  gallon,  and  bushel,  became  the  standard  units,  and  the 
imperial  system  was  adopted  in  its  integrity,  with  two  important  exceptions : 
that  the  hundredweight  of  112  poimds,  and  the  ton  of  2240  pounds  were 
abolished;  and  the  hun<teiweight  was  declared  to  be  too  pounds,  and  the 
ton  2000  pounds  avoiTdupois,--thus  assimilating  the  weights  of  Canada  to 
those  of  the  United  Slates. 

The  French  metric  system  of  weights  and  measures  has  been  made 
permissive  concurrently  with  the  standard  weights  and  measures. 


MEXICO. 

The  weights  and  mcasimes  are  the  old  weights  and  measures  of  Spain. 


CENTRAL  AMERICA  AND  WEST  INDIES. 

WEST  INDIES  (British). 
The  weights  and  measures  are  the  same  as  those  of  Great  Britain. 

CUBA. 

The  old  weights  and  measures  of  Spain  are  in  general  use.  For  engineer- 
ing and  carpentry  work  the  Spanish,  English,  and  French  measures  are  in 
use.  The  Frencli  metric  system  of  weights  and  measures  is  legalized,  and 
is  used  in  the  customs  departments. 

GUATEMALA  AND  HONDURAS. 
The  weights  and  measures  are  the  old  weights  and  measures  of  Spain. 

BRITISH  HONDURAa 
In  British  Honduras,  the  British  weights  and  measures  are  in  use. 

COSTA  RICA 

The  old  weights  and  measures  of  Spain  are  in  general  use.  But  the 
mtroduction  of  the  French  metric  system  is  contemplated. 
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WiilGUI^i  AND  Mii:ASU&£& 


sr.  DUMINGO. 

The  old  Spanish  we^g^hts  and  measures  aie  in  general  use.  The  Vnmsk 
metric  system  is  ooming  into  use. 

SOUTH  AlyLERlCA. 
COLOMBIA. 

The  French  metric  system  was  introduced  into  the  Republic  in  1857, 
and  is  the  only  system  of  weights  and  measures  recognized  by  the  govern- 
ment. In  ordinary  commerce,  the  Oncha,  of  25  lbs.,  the  Quintal,  of 
100  lbs.,  and  the  Carga,  oi  250  lbs.,  are  generally  Lu>ed.  The  Libm  is 
1. 102  pounds.   The  yard  is  the  usual  measure  oC  length. 

VENEZUELA. 

The  system  and  practice  are  the  same  as  those  of  Colombia. 

ECUADOR. 

The  French  metric  system  became  the  l^gal  standard  of  we^ts  and 
measures  on  the  ist  January,  185& 

GUIANA. 

In  British  Guiana,  the  weights  and  measures  are  those  of  Great  Britain. 
In  French  Guiana  or  Cayenne,  the  ancient  French  system  is  j^ractised.  In 
Dutch  Guiana^  the  wc^^its  and  measures  of  Holiand  are  employed 

BR.\ZIL. 

The  French  metric  system,  which  became  compulsory  in  1872,  was 
adopted  in  1862,  and  has  since  been  used  in  all  official  departments.  But 
the  ancient  weights  and  measures  are  still  partly  employed.  They  are,  with 
some  variations,  those  of  the  old  system  of  Tortugal. 

Zengt/i. — ^The  Line  =  .0911  inch,  and  is  divided  into  tenths.  The  PoUe- 
gada  =  1.0936  inches.  The  =  ij.  1236  inches,  or  '/a  metre.  The  Vara = 
1.2 15  yards;  and  i}4  Varas  =  the  geometrical  pace=  1.8227  yards.  The 
Milhas:  r.2965  miles;  and  3  Milhas  ^  r  L^goa= 3.8896  miles. 

6  yards  are  reckoned  equal  to  5  Varas. 

64  Square  Pollegadas...  i  Square  Pieteo  «  .53r5  square  foot 

25  Square  PalmOS   r  Square  Van  » 1.4766  sqwe  yards. 

4  Square  Varas   i  Square  BrB9a  =  5.9063  „ 

4840  Square  Varas   r  Geira  1.4766  acres. 

Qt^adfy  (/hy  ^odSr).-— The  Sahmme » .3S08  gallon;  a  Salnmes^ 
I  Oitavo;  2  Oitavo=r  Quarto;  4  Quartas=i  Alqueiro  =  .3808  bushel; 
4  Alqueiras  =  i  Fangas ;  1 5  Fangas  - 1  Moio  =  2.8560  quarters. 

Liquids. — The  Quartilho  .6141  pint;  4  Quartilhos  -  i  Canada;  6  Cana- 
das=  I  Pota  or  Cantaro;  2  Potas=  i  Ahnuda  ^  3,6846  gaUon& 
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PERU,  CHILI,  BOLIVIA,  ETC. 


H7i^l[Ms, — The  Arratel^  1.0119  pounds,  is  divided  into  16  On^as,  and 
then  into  8  Oitavos.  32  Arratels^i  ^roba;  4  Anobas-i  Quintal- 
I89.5181  pounds;  and  133^  Quintals^  i  Tonelada=  15.61 16  cwts. 

There  is  also  the  Quintal  of  too  Anatels.  Ships'  freight  is  reckoned  by 
the  £Dglish  ton  =  70  Anobas. 

PERU. 

The  French  metric  system  was  established  in  i860,  but  is  not  yet  gener- 
ally used.    The  weights  and  measures  in  common  use  are : — The  ounce  = 
1,014  ounce;  the  Libra  =  1.014  pound;  the  Quintal    101.44  pounds;  the 
Arroba    25.36  pounds,  or  6.70  gallons;  the  gallon    .74  imperial  gallon; 
the  Vara  =  .92 7  yard;  the  square  Vara -.85 9  square  yard. 

CHILL 

The  French  metric  system  has  been  legally  established;  but  the  old 
weights  and  measures  are  still  in  general  use.  These  are  the  same  as  those 
of  Peru. 

BOLIVIA. 

The  weights  and  measures  are  the  same  as  Ihe  old  -weights  vod  measures 
of  Peni  and  Chill 

ARGENTINE  CONFEDERATION. 

The  French  metric  system  lias  recently  been  established.  The  old 
weights  and  measures  are  commonly  used: — the  Castihan  standards  of  the 
old  Spanish  system.  The  Quintals X01.4  pounds;  the  Anoba=  25.55 
pounds;  the  Fanega^  1.5  bushels. 

URUGUAY. 

The  French  metric  system  was  established  in  1864.  The  old  weights 
and  measures  are  the  same  as  those  of  the  Argentine  Confederation.  The 
weights  and  measures  of  Brazil  are  in  general  use. 

PARAGUAY. 

The  weights  and  measures  are  the  same  as  xhe  old  ones  of  the  Argentine 
Confederation. 

AUSTRALASIA. 

In  New  South  Wales,  Queensland,  Victoria,  South  Australia,  West 
Australiig  Tasmania,  and  New  Zealand,  the  l^al  weights  and  measures  are 
the  same  as  those  of  Great  Britain.   But  5ke  old  British  measures  of 

capacity  are  also  much  used. 

In  land  measurement,  a  section"  is  an  aiea  equal  to  80  acies. 
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QRBAT  BRITAIN  AND  IRELAND. 


Coins. 


Matbeiau 


Weight. 
Grains. 


j^tl  farthing  bronze. 

 hal4>emiy   da 

4  farthings  i  penny   do. 

5^.  threepenny  piece  silver... 

4//.  fSfoat,  or  fourpenny  piece   do. 

6d.  sixpence   do. 

12  pence  i  shilling   do. 

2  shillings  i  florin   do. 

2  y^s.  I  half-cro^Ti   do. 

10s,  I  half-sovereign  %  gold. . . . 

201;  I  sovereign,  or  pound  sterling  do. 


43-750 
..  87.500 

..145-833 
31.818 

..  39.091 

43  63^ 

"  87-273 

••174-545 
..218.182 

..  61.6372 

..123.2745 


The  bronze  coins  are  made  of  an  alloy  of  copper,  tin,  and  zinc;  the 
silver  coins  contain  92}^  per  cent  of  fine  silver,  and  7^  per  cent  of  alloy; 
the  gold  coins,  91^  per  cent  of  fine  gold,  and  8^  3  per  cent  of  alloy. 

Tlie  Mint  price  of  standard  gold  is  ^£3^  17X.  10^//.  per  ounce. 

One  pound  weight  of  silver  is  coined  into  66  shiUuigs.  The  intrinsic 
value  of  32  shillings  is  equal  to  £t  sterling. 

The  intrinsic  value  of  480  pence  is  equal  to  j£i  sterling. 


V.oo  franc. 
V50  franc. 


franc. 


PRANCB.— Money. 

Copper, 

Coma.  Weight.  Value  in  English  Monkt. 

Gramma, 

I  centime   i  o 

3  centimes   3  o 

5  centimes  (s&u)          5  o 


fianc        10  centimes  {grot  sou),„\o  o 


s. 
o 
o 
o 
o 


V 


to 


»  Stiver, 

20  centimes   i, 


Y5  franc... 

franc          50  centimes  ,   3.5 

1    franc  100  centimes   5   o  o 

more  exactly  9.524//. 

3   firaocs  10  o   i  7 

5  francs  35  o  3  iifi 


002 
004^ 

9J4 
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GERMANY,  HANSE  TOWNS.  19I 

GM. 

Gtammut.                              jQ  ^*  d, 

5  francs                    1-61290  o  3  ii^i 

10  francs.                     3*22580  o  7  iiy^ 

20  francs  (Napoleon)...  6*45161  (99*56  grains)... o  15  lo^J 

50  francs  16-12902  i  19  8 

100  francs.  32-25805  3  19  4V 


10 


The  English  value  is  calculated  at  the  late  of  35  francs  20  centimes  to 
£u   The  bronze  coins  consist  of  an  alloy  of  95  parts  of  copper,  4  of  tin, 

I  of  zinc.  The  standard  fineness  of  the  gold  pieces,  and  of  the  silver 
5-franc  pieces  is  90  per  cent.,  with  10  per  cent,  of  copper;  of  the  other 
silver  coins,  83.5  per  cent.;  and  of  the  bronze  coins,  95  per  cent 

QBRMANY.— Money. 

The  following  system  of  currency  was  established  throughout  the  German 
Empire  in  1872: — 

English  Valub. 
X.  d, 

1  Pfennig   =    o  .1175 

10  Pfennig  i  Groschen   =    o    11 75 

10  Groschen  i  Mark   =    o  11^ 

10  Marks  (gold)   =    9  9/4 

20  Marks  (gold)   =  19  7 

The  2o>mark  gold  piece  weighs  122.92  grains,  and  the  standard  fineness 
of  the  gold  pieces  is  90  per  cent  of  gold. 

Before  1872,  accounts  were  reckoned  in  the  following  currency  in  North 
Gennany: — 

s.  d. 

12  Pfennig  i  Silbergroschen          =    i    i  «/s 

30  Silbergroschen  i  Thaler   =  30 

In  South  Gennany: — 

4  Pfennig  i  Kreutzer   =  o. 

60  Kreutzers  i  Florin   =  18 


HANSE  TOWNS.— Money. 


The  monetary  system  is  that  of  the  German  Empire. 
Hamburg. — ^According  to  the  old  monetary  system,  in  which  silver  was 
the  standaid,  12  Pfennig  =  i  Schilling  =  5/^  d.\  and  16  Schillings  =  i  Bfaik 

Bremen, — Old  system : — 5  Schmaren  ^  i  Groot  7^  Gioots  = 

I  Rix-dollar»3/.  aVs^-    '^^^  Rix-doUar,  or  Thaler,  was  a  money  of 

account 

Lubec. — The  old  system  was  the  same  as  that  of  Hamburg,  and,  in 
addition,  3  Marks  -  i  1  haler  =  3X.  4//. 
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1^2  HONEY. 

AUSTRIA.— Money. 

1  Kreutzer  (copper)   o  «/• 

4  Kreutzers   (do.)   o  */l 

ID  Kreut/ers  (silver)   o  2^ 

30  Kreutzers   (da)-   o  4^ 

)(  Flooin       (do.).~   o  5^ 

z  Florin       (do.)..   i  1^)6 

2  Florins       (do.)   3  liji 

4  Fknrm  piece  (gold) —   7  11 

8  Florin  piece  (do.)  15  10 

100  KieutBers  m&ke  i  Florin. 

The  4-florin  gold  piece  wei^  49.9a  gcauufi  and  the  standard  of  £nenes 
IS  90  per  cent  of  gold. 

RUSSIA. — ^MON£Y. 

X.  d, 

I  Copeck..   so  .38 

100  Copecks  I  Silver  Rouble   .=  59 

The  copper  coins  are  pieces  of  i,  2,  3,  5  Copecks.    The  silver 

coins  are  pieces  of  5,  10,  15,  20,  25  Copecks,  the  Half  Rouble,  and  the 
Rouble;  the  gold  coins  are  the  Three-rouble  piece,  the  Half  Imperial  of 
five  RouUeaiy  and  the  Imperial  of  10  Roubles.  The  c-iouble  gold  piece 
weighs  loi  grains,  and  the  standard  of  fineness  is  91^  percent  of  ffAL 
Vtcpet  currency: — i,  3,  5,  10,  25,  50,  100  Roubles. 

HOl-l- AND.— Money. 

S.  if. 

I  Cent   =  o 

100  Cents  I  Guilder  or  Tlorin   s  i  8 

BSLQIUM.— Money. 
The  monetary  system  is  exactly  the  same  as  that  of  Fiaooei 

DENMARK.— Money. 

s.  d. 

I  Ore   «  o  -1333 

100  Ore   I  Krone   «  i  1^ 

18  Knme   «  £\  sterling. 

8WBDBN  AND  NORWAY.— MONBY. 

iS 

100 

18  Krone   =  ^^i  sterling. 
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SWITZiBRLAND,  SPAIN,  ETC  I93 

SWITZERLAND.— Money. 

The  monetary  system  of  Switzeiknd  is  the  same  as  that  of  Fkano&  The 
Centime  is  called  a  Rappe. 

SPAIN— Money. 

d. 

I  Centimo   ~   95 

100  Centimos  i  Peseta   =  i  fianc,  <Mr  9J4 

The  bronze  coins  are  pieces  of  i,  2,  5,  and  10  centimos.  The  silver 
coins  are  pieces  of  20  and  25  centimos,  and  i,  2,  and  5  pesetas.  The  gold 
coins  are  pieces  of  5,  10,  20,  25,  50,  and  roo  pesetas.  The  piece  of 
5  pesetas  is  3^.  w^d,^  English  value.  The  25  peseta  piece  is  rgx.  9)^^/., 
English  value. 

The  old  monetary  system  was  based  on  the  Real-Vellon,  2^//.  English 

value;  it  was  the  20th  part  of  the  Silver  Hard  Dollar,  4J.  2d.  English  value, 
and  of  the  (>uld  Dollar  or  Coronilla.  The  Duro  was  identical  with  the 
American  Dollar. 

PORTUGAL.— Money. 

The  unit  of  account  is  the  Rei,  of  which  18)^  Reis  make  i  ])enny;  and 
4500  Reis  make  i  sovereign.   The  Milrris  is  1000  Reis,  4^.  5>^^.  English 
\  alue.    The  Corda  is  the  heaviest  gold  coin,  of  ro,ooo  Reis,  Ji^a,  4r. 
English  value,  and  weighs  17.735  giaunmes. 

ITALY. — Money. 

d. 

I  Centime   =  .95 

100  Centimes  1  Lira   -  1  franc,  or  9J4 

Copper  coins  are  pieces  of  i,  3,  and  5  Centimes;  silver  coins,  20  and 
50  Centimes,  and  i,  2,  and  5  Lire;  gold  coins,  5,  10,  20,  50,  and  too  Lire. 
These  coins  are  the  same  in  weight  and  fineness  as  the  corns  of  Irance. 

TURKEY. — Money. 

s,  d. 

I  Paia   =    o  V18.S 

40  Paras  i  Piastre   =    o  2.16 

100  Piastres.  i  Medjidie,  or  Lira  Turca  «  ig  o 

The  Piastre  is  roughly  taken  equal  to  id  sterling. 

ORBBCB  AND  IONIAN  ISLANDS.^MONEY. 

100  Lepta  I  Drachma   =  i  franc,  or  9J^</. 

The  currency  of  Greece  is  the  same  as  that  of  France. 

In  the  Ionian  Islands,  whilst  they  were  under  British  protection  (1830- 
1864),  accounts  were  kept  by  some  persons  in  Dollars,  of  100  Oboli  =  4s,  id.; 
by  others  in  Pounds,  of  20  shillings,  of  12  pence,  Ionian  currency;  the 
Ionian  Pound  being  equal  to  20s.  g.6d.  sterling.  By  other  persons  accounts 
were  kept  in  Piastres  of  40  Paras  =  2  4/4^^ 

18 
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MALTA.— Mown 

t  Orano   =  o 

lo  Grani  i  Taro  »  o 

12  Tari  x  Sciido.*...^   s  x  8 

Or, 

6o  Piccioli  I  Cailiiia   =  o  .185 

9  Carlim  i  Tara   «=  o  ifi 

13  Tari  X  Soldo   »  x  8 

Brilisb  moBCx  M  in  genenl  dfoibtioiL  The  So««fcigpn«>xs  Sondi;  Ibo 
Shitting =7  Tari  4  Gnmi 

EGYPT. — Money. 

t  Pata   =      00  .0615 

40  Paras  i  Piastre  (Tariff)   =      00  2.461 

xoo  Piastres  x  Egyptian  Guinea         =      x   o  6.84 

5  Egyptian  Guineas... i  Kees,  or  Purse   =      5   a  10.3 

xooo  Punes  i  Khuzneh,  or  Treasury  =  5142  xo  o 

97.aa  Piastsos  x  SngUsh  SovereigB. 

The  Egyptian  guinea  wei|^  133  grains,  and  the  standaid  of  fimness  h 
8  7  >^  per  cent,  of  gold. 
Two  piastres  (current)  are  equal  to  one  piastre  (tariff). 

MOROCCO.— Money. 

s.  d, 

4Blankeels   i  Ounce     =  o  3.7 


X  Flue 

0 

.  X  Blanked 

.  I  Ounce 

0 

.  X  Mitknl 

3 

Money. 

X. 

I  Fel 

0 

.  I  Karub 

0 

.  X  Piastre 

0 

X 
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ARABIA.-— MONBY. 

80  Caveers  i  Piastre  or  Mocha  Dollar   =  3  ^ 

CAPE  OF  GOOD  HOPE.— MONEY. 

Public  accounts  are  kept  in  En^ish  money;  but  private  accounts  are 
often  kept  in  the  old  denominatiom,  as  follows:^ 

s,  d. 

I  Stiver        -   o     5  3 

6  Stivers   I  Schilling     =  0 

8  Schilling  v-  i  Rix-Uollar  =  1  6 

The  Guilder  is  equal  to  6^. 
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INDIAN  £MPLEg»  CHINA,  ETC  V95 
UUDUM  SMPIR£.— 4^0SSY. 


Thioqj^iout  India,  accounts  are  kept  in  the  following  moneys:— 

s.  d. 

I  Pie   s  o  nominal  value* 

12  Pies  I  Anna   =  0    ij^  do. 

16  Annas  i  Rupee   =  20  do. 

The  intrinsic  value  of  the  Rupee  is  jo}4d.;  it  weighs  180  grains. 
The  English  Sovereign  is  equal  to  xo  Rupees  4  Annas. 

I  Lac  of  Rupees  »  xoo,ooo  zupees = ^io,ooa 
I  Cioie  of  Rupees  » 100  lacs        =  ^x  ,ooo,ooa 

In  Ceylon,  the  Rupee  is  divided  into  xoo  OentSi 
The  gold  coin,  Mohur,  is  equal  to  15  rupees;  it  weig^  x8o  grainSi  and 
the  standaid  fineness  is  91.65  per  cent  of  n^old. 

CHlMA.— McnsEsr.  . 

s.  d,  ' 

I  Cash  (Le)   =  o 

xo  Cash  .•••..X  Candareen  (Fun)...   »  o  9/, 

10  Candareens  i  Mace  (Tsien)   =  0  7 

xo  Mace  i  Tad  (I^aug)..   s=  5  10 

COCHIN-CHINA. — ^MONEV.  , 

I  Sapek,  or  Dong,  or  Cash         =  o 

60  Sapeks.  i  Mas,  or  Mottien   s  o  3^ 

xo  Mas.  X  Quai^  or  String.   =  3  ^yi 

PERSIA. — MoiTEY.  . 

I  Dinar  ^   »  o  "/fo 

50  Dinars  i  Shahi  „   =0  Y% 

20  Shahis.  i  Keran   =  o  iii^ 

xo  Kerans  i  Toman   =  9 


10 


JAPAN.— yLotm, 

10  Rin  I  Sen   =  ^ 

xoo  SezL.  I  Yen.   =42 

There  are  gold  coins  of  the  value  of  i,  2  and  5  yen,  with  a  standard 
fineness  of  90  per  cent.  The  5-yen  piece  weighs  128.6  grains.  The  silver 
yen  weighs  416  grains,  with  the  same  standard  of  hneness. 

JATA.— >M0lliy. 

The  money  account  of  Java  is  the  same  as  that  of  UoUand. 

UNITED  8TATB8  OP  AilBRICA.— MONIY. 

t.  4. 

1  Cent  «          =  •  % 

xo  Cents  i  Dime.*.   s  c  5 

too  Cents  x  Dollar.   ■■41 
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CANADA.— BRITISH  NORTH  AMERICA.— MONXV. 

s.  d. 

I  Mil   s    o     Vw  sterling. 

10  Mils.  I  Cent   »    o     )^  da 

100  Cents  z  Dollar.   =    41^  da 

4  Dollars.   =  so  o  currency. 

Or, 

I  Penny  currency     as    o  sterling. 

12  Pence  i  Shilling   da  ....  »    o   94/,  do. 

20  Shillings.  i  Pound    do         a  16  do. 

The  Dollar  of  Nova  Scotia,  New  Brunswick,  and  Newfoundland,  is  equal 
to  4x.  2d,  sterling.   In  the  Bermudas,  accounts  are  kept  in  sterling  money. 

MEXICO.— Money. 

Accounts  are  kept  in  dollars  of  zoo  cents.  The  dollar  is  equal  to  4s.  2d. 
sterling. 

CENTRAL  AMERICA  AND  WEST  INDIES.— MoNET. 

WEST  INDIES  (Bntish). 

Accounts  are  kept  in  EngUsh  money;  and  sometimes  in  dollars  and 
cents.    I  dollar =4r.  sif. 

CUBA. — Money. 

The  moneys  of  various  nations  were  in  circulation  before  the  current 

war  (1875).  But  the  yjrincipal  silver  currency  was  the  10  cent  and  5  cent 
pieces  of  the  United  States.  The  gokl  currency  consists  of  the  Ounce,  of 
the  value  of  16  dollars,  }4  ounce,  ^  ounce,  ^  ounce. 

GUAIEMALA,  HONDURAS,  COSTA  RICA. 
The  moneys  of  account  are  the  same  as  those  of  Mexica 

ST.  DOMINGO. 

Accounts  are  kept  in  current  dollars  (called  Gourdgt)  and  cents.  The 
cents  73^;  and  zoo  cents  =  i  doUar=3^^. 

SOUTH  AMERICA.^MONBy. 

COLOMBIA,  VENEZUELA,  ECUADOR. 

The  moneys  of  account  are,  the  Centavo=  yzd.;  and  100  Centavos== 
I  Peso  =  4r.  2d, 

GUIANA. 

In  British  Guiana  the  dollar  of  4^.  2<f.  is  used,  divided  into  zoo  cents. 
In  French  Guiana,  French  money  is  used.  In  Dutch  Guiana,  the  money  of 
Holland  is  used. 
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BRAZIL,  PERU,  ETC.  1 97 

BRAZIL.— Money. 

I  Rei   O  ••7/,«, 

looo  Reis  I  Milreis   -  2  3 

PBRU.^MONBY. 

I  Centesimo  »  o  .37 

zoo  Centesunos          i  Dollar,  or  Peso         3  i 

CHILI. — Money. 

s,  d, 

I  Centavo  =0  .45 

100  Centavos   i  Dollar,  or  Peso  839 

BOUVIA. 

I  Centena  so  .37 

100  Centenas   z  Dollar  =31 

ARGENTINE  CONFEDERATION. 

I  Centesimo  =  o  .25 

100  Centesimos   i  Dollar,  or  Patercon  ^  2  i 

URUGUAY. 

I  Ontime  =  o  o^ 

100  Centimes.   i  Dollar  s  4  a 

PARAGUAY. 

I  Centena  s  o  .37 

100  Centenas.   i  Dollar  -31 

AUSTRALASIA. 

Accounts  are  kept  in  pounds,  shillings,  and  pence  sterling. 
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WEIGHT  AND  SPECIFIC  GRAVITY 


The  specific  gravity,  or  specific  weight  of  a  body,  is  the  ratio  which  the 
weight  of  the  body  beais  to  the  wei|^  of  another  body  of  equal  volume 
adopted  as  a  standard  ibr  comparison  of  the  weights  of  bodies.  For  solids 

and  liquids,  pure  water  at  the  mean  temperature  63*^  F.,  is  adopted  as  the 
standard  body  for  comparative  weight  For  gases,  diy  air  at  ^2^  F.,  and 
under  one  atmosphere  of  pressure,  or  14.7  lbs.  per  square  inch,  is  the  bod^ 

with  which  they  are  compared. 

The  specific  gravity  of  bodies  is  found  by  wei^^iing  them  in  and  out  of 
water,  according  to  the  following  rules. 

Rule  i. — To  find  the  specific  gravity  of  a  solid  body  heavier  than  water. 
Weigh  it  in  pure  water  at  F.,  and  divide  its  wd^t  out  of  water  by  the 
loss  of  weight  in  the  water.   The  quotient  is  the  sprafic  gravity. 

Note. — The  loss  of  weight  in  water  is  the  difference  of  the  weight  in  air 
and  the  weight  in  water,  and  it  is  equal  to  the  weight  of  the  quantity  of 
water  displaced,  which  is  equal  in  volume  to  the  body. 

Rule  2. — To  find  the  specific  graiHty  of  a  solid  body  lighter  than  water. 
Load  it  so  as  to  sink  it  in  pure  water  at  62°  F.,  and  weigh  it  and  the  load 
together,  out  of  water,  and  in  water;  weigh  the  load  separately  in  and  out 
of  water;  deduct  the  loss  of  weight  of  the  load  singly  from  that  of  the 
combined  body  and  load;  die  remainder  is  the  loss  of  weight  of  the  body 
singly,  b^  which  its  weight  out  of  water  is  to  be  divided.  The  quotient  is 
the  specific  gravity. 

Rule  3. — To  find  the  specific  gravity  of  a  solid  body  which  is  soluble  in 
wafer.  Weigh  it  in  a  liquid  in  which  it  is  not  soluble ;  divide  the  weight 
out  of  the  liquid  by  the  loss  of  weight  in  the  liquid,  and  multiply  by  the 
specific  gravity  of  the  liquid.  The  product  is  the  specific  gravity  of  the 
body. 

Rule  4. — To  find  the  specific  gravity  of  a  liquid.  Weigh  a  solid  body  in 
the  liquid  and  in  water,  as  well  as  in  the  air,  and  divide  the  loss  of  weif^ 
in  the  liquid  by  the  loss  of  weight  in  water.  The  quotient  is  the  specific 
gravity. 

Rule  5. — To  find  the  weigfit  of  a  body  when  the  spee^  gravity  is  gjven» 
Multiply  the  specific  gravi^  by 


MVLTifun.  WBOHT  or 

62.355       wei^t  in  pounds  of  a  cubic  foot  of 

pure  water  at  63**  F.)   =  i  cubic  foot,  in  lbs. 

1683.60   =  1  cnbic  yivd,  in  lbs, 

15.0    <=  I       ^  v..  incwts. 
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Jftai^-nAs  amt  cnfaic  tec  of  wmiu  ift  F.  weighs  about  1000  ounces 
(eflutt)^  9974s  oimm),  the  ndglit  m  oances  of  «  cubic  fodof  ttiyoUMr 
sotetwHx  Hill  npiOMBi^  aiifNToxinHiteiy^  ttt  spedfic  gmvity,  suppostog 

water  =  1000. 

If  the  last  three  places  of  figures  be  pointed  off  as  decimals^  the  result 
will  be  the  specific  gravity  approximately,  water  being  i. 

In  France,  the  standard  temperature  for  comparison  of  the  density  of 
bodies,  and  (be  detenninalioa  of  their  specific  gravities,  is  that  of  the 
mMrimuiB  densi^  of  «atei^--«bout  4''  C,  or  39^1  F.,  for  solid  bodies;  And 
ja^  F.,  or  o*  for  gucs  mi  fupooio,  under  one  atmosphere  or  .76  centi- 
metves  of  mereuff .  In  pnuaipe^  is  usnul  to  adopt  the  cubic  decimetre  or 
Ktre  IS  the  unit  of  volume,  since  the  cubic  decimetre  of  distilled  water,  at 
4°  C.  weighs,  by  the  definition,  i  kilogramme.  Consequently  the  specific 
gravity  of  a  body  is  expressed  by  the  wei^t  in  kilogrammes  of  a  cubic 
decimetre  of  that  body. 

The  densities  of  the  metals  vary  fl;reatly.  Potassium  and  one  or  two 
odieit  are  ligter  than  water.  Itstmum  is  more  than  twenty  times  «i 
hcatvy.  Lead  is  over  eleren  times  at  heavy;  and  the  majority  of  the  useful 
metals  are  from  seven  to  ei|^  times  as  heavy  as  water. 

Stones  for  building  or  other  purposes  nary  in  weight  within  much 
narrower  limits  than  metals.  With  one  exception,  they  vary  from  basalt  and 
granite,  which  are  three  times  the  weight  of  water,  to  volcanic  scoriae  which 
are  lighter  than  water.  The  exception  referred  to  is  barytes,  which  is  con- 
spicuously the  heaviest  stone,  being  4)4  times  as  heavy  as  water.  The 
sulphate  of  baryta  is  known  as  Aeavy  spar. 

Amongst  other  solids,  flint-glass  diree  times  the  weight  of  water;  day 
and  sand,  twice  as  much;  coal  averages  one  aad  a  half  times  the  weight  Of 
water;  and  coke  fix>m  one  to  one  and  a  half  times.  Camphor  has  about 
the  same  weight  as  water. 

Of  the  precious  stones,  zircon  is  the  heaviest,  having  four  and  a  half 
times  the  weight  of  water;  garnet  is  four  times  as  heavy,  diamond  three 
and  a  half  times  as  heavy,  and  opal,  the  lightest  of  all,  has  just  twice  the 
weight  of  water. 

Peat  varies  in  weight  from  one-fifth  to  a  little  more  than  the  weight  of 
water. 

The  heaviest  wood  is  that  of  the  pomegranate,  which  has  one  and  a  third 
times  the  weight  of  water.    English  oak  is  nearly  as  heivy  as  water,  and 

heart  of  oak  is  heavier;  the  densest  teak  has  about  the  same  weight  as 
water;  mahogany  averages  about  three-fourths,  elm  over  a  half,  pine  from 
a  half  to  three-fourths,  and  cork  one-fourth  of  the  weight  of  water.  Of  the 
colonial  woods,  the  average  of  22  woods  of  Briti.sh  Guiana  weighs  74  per 
cent,  of  the  weight  of  water;  of  36  woodb  of  Jamaica,  83  per  cent;  and  of 
x8  woods  of  New  South  WsUes,  96  per  cent 

Wood-charooal  in  powder  averages  one  and  a  half  times  the  wdght  of 
water;  in  pieces  heaped,  it  averages  only  two-fifths.  Gunpowder  has  about 
twice  the  weight  of  water. 

Of  animal  substances,  pearls  weigh  heaviest,  two  and  three-quarter  times 
the  weight  of  water;  ivoiy  and  bone  twice,  and  iat  over  nine-tenths  the 
weight  of  water. 

Of  vegetable  substances,  cotton  weighs  about  twice  as  much  as  water; 
gutu-percha  and  caoutchouc  neaiiy  the  same  weight  as  water. 
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Mercury,  the  heaviest  liquid  at  oidbaiy  teoqieiatures,  has  over  thirteen 
and  a  half  times  the  weight  of  water;  and  bromine  nearly  three  times  the 

weight.  The  water  of  the  Dead  Sea  is  a  fourth  heavier,  and  ordinary  sea- 
water  two  and  a  half  per  cent,  heavier  than  water;  whilst  olive-oil  is  about 
one-tenth  lighter,  and  pure  alcohol  and  wood-spirit  a  fifth  hghter  than 
water. 

Turning  to  gaseotis  bodies,  water  at  63**  F.  has  772.4  times  the  weight  of 
air  at  33"*  F.,  under  a  pressure  of  one  atmosphere;  and  the  specific  gravity 
of  air  at  $2*  F.  is  .001393,  that  of  water  at  62^  F.  being  =  i.    Oxygen  gas 

weighs  a  tenth  more  than  air,  gaseous  steam  weighs  only  five-eighths  of  air, 
and  hydrogen,  the  most  perfect  type  of  gaseity,  has  only  seven  per  cent,  of 
the  weight  of  air.    Water  has  upwards  of  11,000  times  the  weight  of 

hydrogen. 

One  pound  of  air  at  62"  F.  has  the  same  volume  as  a  ton  of  quartz. 

i'he  following  1  ables,  Nos.  65  to  69,  contain  the  weights  and  specific 
gravities  of  solids,  liquids,  and  gases  and  vapours.  The  specific  gravities 
have  been  derived  from  the  works  of  Rankuie,  Ure,  Wilscm,  Claudel,  and 
Pedet,  Delab^che  and  Playfair,  Fowke,  and  others  whose  names  are  men- 
tioned in  the  body  of  the  tables.  Columns  containing  the  bulks  of 
bodies  have  been  added  to  the  tables. 

The  specific  gravity  of  alloys  does  not  usually  follow  the  ratios  of  those 
of  their  constituents;  it  is  sometimes  greater  and  sometimes  less  than  the 
mean  of  these.  Ure  gives  the  specific  gravities  of  some  alloys  of  copper,  tin, 
zinc,  and  lead,  examined  by  Crookewitt  The  following  are  the  specific 
gravities  of  the  alloys,  as  ascertained  by  Crookewitt;  and,  for  the  purpose 
of  comparison,  they  are  preceded  by  the  specific  gravities  of  the  particular 
samples  of  die  elementaiy  metals  employed. 

SPECIFIC  GRAVITY. 


Copper   8.794 

Tin   7.305 

Zinc   6.860 

Lead   "'354 

Alloys: — Copper  2,  tin    5   7-652 

Copper  I,  tin   i   8.072 

Copper  3,  tin  i   8.513 

Copper  3,  zinc  5   7.939 

Copper  3,  zinc  2   8.334 

Copper  2,  zinc  i   8.393 

Coy)per  2,  lead  3   753 

Copper  I,  lead  i   10  375 

Tin       I,  zinc  2   7.096 

Tin       I,  zinc  i   7- 1 ^5 

Tin      3,  zinc  i   7- 23 5 

Tin      X,  lead  2   9-965 

Tin      I,  lead  i   9*394 

Tin     3,  lead  i   9*035 


The  following  binary  alloys  have,  on  the  one  side,  a  densit}'  greater  than 
the  mean  density  of  their  constituents;  and,  on  the  other  side,  a  density 
less  than  the  mean  density  of  the  constituents. 
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OF  METALS  AND  ALLOYS. 


Gold  and  zinc 
Gold  and  tin. 
Gold  and  bismuth. 
Gold  and  antimony. 

Gold  and  cobalt 
Silver  and  zinc 
Silver  and  lead. 
Silver  and  tin. 
Silver  and  bismuth. 
Silver  and  antimony. 
Copper  and  zinc 
Copper  and  tin. 
Copper  and  palladium. 
Coi)per  and  bismuth. 
Lead  and  antimonv. 
Platinum  and  molybdeniun. 
Palladium  and  bismuth. 


ABoft  havnr  a  danicjr  IcM  thsB 

Gold  and  silver. 
Gold  and  iron. 
Gold  and  lead. 
Gold  and  copper. 
Gold  and  iridium. 
Gold  and  nickel 
Silver  and  copper. 
Iron  and  bismuth. 
Iron  and  antunony. 
Iron  and  lead. 
Tin  and  lead. 
Tin  and  palladium. 
Tin  and  antimony. 
Nickel  and  arsenic 
Zinc  and  antimony. 
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TABLE  No.  65.— VOLUME,  WEIGHT,  AND  SPECIFIC  GRAVITY 

OF  SOLID  BODIES. 


FAMILIAR  METALS. 


Platinum   

Gold  

Mercury,  fluid    

Lead,  milled  sheet  

Do.  wire  

Silver  

Bismuth  

Copper,  sheet  

Do.  hammered  

Do.  wire  

Bronze  1—84  copper,  16  tin,  gun  metal. 


»> 


mill-bearings  

small  bells  

?»   

speculum  metal.. 


83  »  17 

81  „  19 

79  »  21 

35  „  65 

21  „  79 

IS      »  8S 
Nickel,  hammered  

Do.  cast  

Brass  : — cast  

75  copper,  25  zinc,  sheet  

66      „     34   „  yellow.  

60      „     40    „     Muntz's  metal,  ... 

Brass,  wire  

Manganese  

Steel :— Least  and  greatest  density  

Homogeneous  metal  

Blistered  steel  

Crucible  steel  

Do.  average  

Cast  steel,  ■■ 

Do.  average  

Bessemer  steel  

Do.  average  

Mean  for  ordinary  calculations...  

Iron,  wrought : — Least  and  greatest  density... 

Common  bar  

Puddled  slab  

Various — Irons  tested  by  Mr.  Kirkaldy 

Do.  average  

Common  rails  

Do.  average  

Yorkshire  iron  bar  •  

Lowmoor  plates,  i >^  to  3  ins.  thick.... 

Bcale's  rolled  iron  

Pure  iron  (exceptional),  by  electro-  ) 

deposit  (Dr.  Percy)   ) 

Mean,  for  ordinary  calculations  


Weirht  of  one 
cubic  foot 


pounds. 

1342 
1200 

849  •• 
712 

704 

617 

549 
556 
554 
534 
528 

528 
544 

503  •• 
461 

465  .. 
541 

516  .. 
505 

527  .. 
518 
511 
533 
499 
435  to  493 

493 
488 

..488  to  490.. 

489 
489  to  489,5 

489-3 
.  .489  to  490. . 

489.6 

489.6  .. 

466  to  487 

471 

469.5  to  474 
..468  to  486.. 

477 
..466  to  476., 
470 

...      484  . 
487 

476  . 


Specific  Gravity. 


508 
480 


■  I. 


Water 

..  21.522 
19.245 

•  13596 
I  I.418 
11.282 
10.505 
..  9.90 

8.805 
..  8.917 
8.880 
8.56 
8.46 
8.46 

8.73 
..  8.06 

7-39 

-  7.45 
8.67 

8.28 

8.10 
..  8.45 

8.30 

8.20 

8.548 

8.00 
7.729  to  7.904 
..  7.904 

7823 
7.825  to  7.859 

7.842 

7.844  to  7.851 

7.848 

7.844  to  7.857 

7.852 
..  7.852 

7.47  to  7.808 

...  7.55 

7.53  to  7.60 
,..  7.5  to  7.8 

7.65 

7.47  to  7.64 

7.54 

...  7.758 

7.808 
...  7.632 


I 


8.140 

7.698 


OF  SOUD  BODIES* 


203 


Famoiar  Metals  {amtinuai). 

Iraa,  cast  :->Least  and  gnalest  dcasity ........ 

White..-  

Gra^  

EgluBltoa  hot-blast,  tst  melting... 

2d     do.  ... 

14th  do.  ... 

Rcnoie  •••••«••••••>.■«•«••«•••«•>*•••••*•« 

MaHetc... 

Mean,  for  oidinaiy 

Tin  .«•• 

Zinc,  sheet  ^  ^  »  

Da  cast   •«  

Antimony  ••. 

Aluminium,  wrought.-  -  ^ 

Do.       cast  ^  

Magnesium  

OTHER  MBTAL& 

Iridium..-  

Uranium—. 
Tungsten.... 

Thallium ...»  —  

Palladnim. 

Rhodium  

Osmium  «......— 

Cadmium  

Molybdenum  ^  

Ruthenium  -  -  

Tellurium  

Chromium  

Arsemc  -  

Titanium  

.Strontium.....  » 

Glucinum....  

Calcium  

Rubidium  

Sodium  

Potassium  

Lithium  


Weieht  of  one 
cubic  foot. 


poands. 

Water  sx. 

378.35  to  467.66 

6.ocx>  to  7*9BO 

468 

7.20 

470 

7.530 

..435  to  444... 

6.077  to  7. 113 

442 

7.0^ 

...     AV^  ^ 

462 

...     449  — 

428 

6.86 

167 

'  2.67 

108.5 

J.74 

•<*  •«  •«•••••»• 


1 165.0 
1 147.0 

1097.0 
742.6 

735.8 
660.9 

623.6 

542.5 

537.5 

530.0 
381.0 
374.1 
361.5 

330.5 

158.4 

131.0 
98.5 
94.8 

60.5 

53-6 
37.0 


Specific  Gravity. 


18.68 
18.40 

17.60 
11.01 

iilo 

10.60 

10.00 
8.70 
8.62 
8.60 
8.50 
6.1 1 
6.00 
5.80 

5.30 

2.54 
2.10 
1.58 
1.5a 

0.97 
0.86 

0.59 


PRECIOUS  STONES. 


Zircon  

( T  timet ... 

Malachite  

Sapphure..  

Emerald  

Do.     Aqua  marine. 

Amethyst  

Ruby  

Diamond.  


Spedie  Giaifitf. 

..  4-50 
3.60  to  4.20 
..  4.01 

3.98 
3.95 

2.73 
■•  3.92 
3.95 

3.50  to  3.53 


Diamond,  Pure....... 

Boart  

Topaz  

Tourmaline  

Lapis  lazuli  

Turquoise  

Jasper,  Onyx,  Agate 

Beiyl  

OpaL  


.  352 

3.50 
•  3.50 

.  3.96 

2.84 

2.6  to  2.7 

2.68 
.  3.09 
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VOLUME,  WEIGHT,  AND  SPECIFIC  GRAVITY 


8TONB8. 

Specular,  or  red  iron  ore... 

Magnetic  iron  ore  

Brown  iron  ore  

Spathic  iron  ore  

Clydesdale  iron  ores  

Barytes  

Basalt  

Mica    

Limestone,  Magnesian  

Do.  Carboniferous  

Marble :— Paros  

African  


•••■••••« 


Cubic  feet  to  one 


Siberian... 


Pyrenean. 
Carrara. 

Egyptian,  green  

French  

Florentine,  Sienna  

Trap,  touchstone  

Granite,  Sicnite,  gneiss  

Do.  Gray  

Porphyry  

Alabaster,  Calcareous  

Do.  Gypseous  

Chalk,  Air-dned  

Slate....  

Serpentine  

Potter's  Stone  

Schist,  Slate  

Do.  Rough  

Lava,  Vesuvian  

Talc,  Steatite  

Rock  Crystal  

Quartz  *.  

Do.  Crystalline  

Do.  for  paving  

Do.  porous,  for  millstones  

Do.  flaky,  for  do.   

Flint  

Felspar  

Gypsum  

Lias  

Graphite  •  

Sandstone  

Tufa,  volcanic  *• 

Scoria,  do  


cubic  feet 
.      6.84  . 

7.0s 

9.16  . 

9.38 
.     11.76  . 

8.07 

14.7  to  12.0 

14.0  to  12.3 

..     12.6  ... 

13.3 

..   12.7  ... 

12.8 

..   13.2  ... 

13.2 
..    13-2  ... 

..  13.6  ... 
14.3 

13.2 

15.2  to  12.1 

12.8  to  1 1.8 
13.5  to  13.1 
..    13.0  .. 

15.6 
14.910  14. 1 

13.8  to  12.6 

..      12.8  .. 
12.8 

..    12.8  .. 

19.9  to  12.9 
21.0  to  12.8 

»3-3 
13.0 
13.8  to  13.3 

13.6 

...    14-4  •• 

28.5 
...  14.1 

137 
...    13.8  .. 

15.6 

16.0  to  14.7 

16.3 
17.3  to  14.3 
29.7  to  26.1 
...  43-3 


Weight  <^  one  cubic 
lbot,MikL 


pounds. 

..      327.4  .. 

317.6 

244*6 
238.8 

190.5  .. 

277-5 
152.8  to  187. 1 

160.3  to  182.7 

..  178.3 
168.0 

..  177.1 

174.6 

170.2  .. 
170.2 

169.6  .. 

I66.S 

165.2 

I57.I 

169.6 
147.1  to  184.6 

174.6  to  190.8 

166.5  to  171.5 
172.1 
144.0 

...150  to  159... 
162.1  to  177.7 
...    175.2  ... 

174-6 
...    174.6  ... 

M2.8  to  173.3 

106.6  to  175.2 

168.4 
165.2 

162.8  to  169.0 

165.2 

155.9  ... 
78.6 

159.0  ... 

164.0 

162.1 

1434 

140.3  to  152.8 

137.2 

129.7  to  157.1 
75.4  to  86.0 

51.7  ... 


Water  =  i. 
...  5.251 

...  3.922 
3.829 
3.055103.380 

4-45 

2.45  to  3.00 

2.57  to  2.93 

2.86 

2.69 

2.8^ 

2.80 
...  2.73 

2.73 
...  2.7a 

2.67 
..  2.65 

2.52 

2.72 
2.36  to  2.96 

2.80  to  3.06 
2.67  to  2.75 
..  2.76 

a.31 

2.46  to  2.55 

2.60  to  2.8$ 
2.81 
3.80 

...  2.80 

1.81  to  2.78 

1.7 1  to  2^1 
2.70 
2.65 

2.61  to  2.71 

2.65 
...  2.50 


..  2.55 
2.63 
..  2.60 

2,yo 
2.25  to  34s 

2.20 

2.08  to  2.52 

I.2I  to  1.38 
..  .83 
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SUNDRY  MINERAL 
8UB8TAHCB8. 


Glass  : — Flint  

Green  

Plate  

Crown  

St.  Gobain  

Common,  with  base  of  potash 
Fine,  do.  do. 

Gommoni  with  base  of  soda... 
Fine,  do.       do.  ... 

Soluble  

Porcelain China.  

Sevres  

Portland  Cement  

Concrete : — 

P.  cement  i,  and  shmgle  10 
P.  cement,  rubble,  and  sand 

P.  cement  i,  and  sand  2  

Roman  cement  i,and  sand  2 

Mortar  

Brick  

Brickwork  

Masonry,  Rubble  

Marl  

Do.  very  tough  

Potash .»  

Sulphur  

Tiles  

Rock  Salt  

Common  Salt,  as  a  solid  

Clay  

Sand,  pure  

earthy  

Earth :— Potter's  

Argillaceous.  

Light  Yq^etable.M  

Mud  

M  aterials  i  n  the  bed  of  the  Clyde : — 
Fine  sand  and  a  lew  pebbles, 
laid  in  a  box,  loose^  not 

pressed,  nearly  dry..  

Pressed  

Mud  at  Whiteinch,  dry,  and  ^ 
firmly  packed,  containing  > 

very  fine  sand  and  mica  ) 

"Wet  mud,  rather  compact  and 
hrm,well  pressed  into  the  box 
Wet,  fine,  sharp  gravel,  well 

pressed  

Wet,  running  mud  

Sharp  dry  sand  deposit,  in  \ 

harbour  \ 

Port-Glasgow  bank  (sand), wet, ) 
pressed  into  a  box  ji 


Cubic  feet  to  one  Weight  of  one  cubic 
ton,  uiM.  foot,  Mlid. 


1 


tiiMflfctit- 


38.7  to  23^ 

..  16.I 

16.6  to  16.0 

..   17.6  .. 

18.7 
..  20.6 
1 8. 1  to  16.0 
204  to  19.5 
19.4  to  15.6 
22.4  to  18.9 

15.3 
..  17.1  .. 

18.0 
..  18.0 

17. 1  to  15.9 
...   18.7  .. 

18.7 
,..  18.9 

21. 1 
..     18.9  .. 

..     35.7  .. 
33. 


pounds. 
187.0 
1684 
1684 

155.9 
1553 

I  $2.8 
153.8 

1 52. 1 

77.9 
148.4 

139^7 
78  to  94 


36 

19 

18 

I8.I 

34.3 

18.6 


.  139 

135  to  140 
127 

120 

109 
124,7  to  135. 
...110 to  it$ 

115.3  to  143. 
99.8  to  118. 
146 

..  131 

124.7 

..  124.7 

131  to  140, 

..   1 19.7 
IIQ.7 

..  118.5 
106.0 

..  I18.C 

09.8 

..  87.3 

101.6 


ll 


«7 

92 

97 

115 

124 

I32>^ 
9a 

120.5 


Water  =  I. 

3.00 

2.70 
...  2.70 

2.50 
...  2.49 

246 

...  245 
245 

...  2.44 

1.25 
...  2.38 

2.24 
1.25  to  1.51 

...  2.23 
2.17  to  2.25 
...  3.04 
1.92 

...  1.75 

2.00  to  2.17 

1.76  to  1.84 

1.85  to  2.30 
1.60  to  1.90 
2.34 
...  2.10 
2.00 
...  2.00 
2.100102.257 
...  1.92 
1.92 
...  1.90 
1.70 
...  I.QO 
1.00 
...  1.40 
1.63 


1.39 
148 

...  t.56 

...  1.95 

...  1.99 

1.97 
148 


«  ■    ■  t  ■ 


1.93 


Digitized  by  Google 


volume;  wemsbt,  akd  sraaFic  GRAvmr 


MiMiftAL  SuBSTAMCis  (mtUummi). 

Materials  in  the  bedof  the  Clvde: — 
Sand  oppodte  Enldne  House, ) 

wet,  pressed  ) 

Alluvial  earth,  pressed   

Do.      do.  loose  

Plaster:— ^4  hours  after  using  

2  months  after  using ... 
Coal,  Anthracite  (see  Sect.  Coal) 

Bituminous     do.  do. 

Boghead  (caimel)  do.  do. 
Ooke  •  •  •  •  •        •  *  • 

Phosphorus..  

Alum.  

Camphor  

Mdtmi^  Iccw  


Wcuiu  of  one  cui 


cubicJbot. 


24 

**   33  "* 

..  25.7 

26.2  to  22.6 
30  to  28.1 

39  to  3Ij5 

20.3 
. .   20.9  .. 

36.3 

39 


116 


93 

.«     67  M 
09^ 

87,3  .. 

85.4  to  99.1 
74.8  to  81.7 

74.8 
57.4  to  103.5 

1 104 
..  107.2 

61.7 

..  57.5 


WalM-as. 


1.86 

1-49 
1.08 

^•59 


1.37  to  1.59 
1.20  to  1. 31 

1.20 
.93  to  tj66 

1.77 

^.  1.72 

•99 
.922 


COAL8. 

{Delabeche  atid  Play/azr.) 

Welsh: — ^Anthracite  ^.  

Forth  Mawr  (highest)...  

Llynvi  (one  of  the  lowest  

Average  of  37  samples  

Newcastle:— Hedlcy's  Hartley  (highest)  ... 
Original  Hartley  (one  of  the  lowest) 

Average  of  18  samples  »,„  

Derbyshire  and  Yorkshire  ;~£lseear.M  

Buttcrley  

Stavely  

Loscoe^  soAm.^  

Average  of  7  samples 
Lancashire: — Laffack  Bushy  Park  (highest) 

Cannel,  Wigan  (lowest)  ^ 

Average  of  38  samples...  

Scotch: — Grangemouth  (his^est).....  

Wallsend  Elgin  ^  

Average  of  8  samples  

Irisli>->Slievardagh  Anthracite  

Warlich's  artificial  fuel  

i^NieoU  and  Lytm,) 

South  Lancashire  and  Cheshire  Coals, 
average  of  14  sanples.  ^ 


Cubic  JMfc 

iamtn. 
Heaped. 

Weight  of  one 

cubic  fbou 

Solid. 

cubic  feet. 

pounds. 

pounds. 

38.4 

85.4 

58.3 

42.0 

86.7 

53-3 

42.0 

80.3 

53-3 

42.7 

82  -K 

43- 1 

81.8 

52.0 

45.6 

78.0 

49-1 

45-3 

49.8 

47.4 

80.8 

47.2 

47-3 

79-8 

47-4 

44-9 

79.8 

49-9 

48.8 

79.6 

45-9 

47-4 

79.6 

45-9 

42.6 

84.1 

S2.6 

46.4 

76.8 

48.3 

45.2 

79-4 

49.7 

40J 

80.5 

54.3 

4IJO 

74.8 

54.6 

42U3 

78.6 

50.0 

35.7 

99.6 

62.8 

334 

69.6 

43 

Specific 


1-37 

1.315 
1.31 

U2$ 
1.296 

1^8 
1.27 
1.285 
1.39a 

1.35 

1-23 

1-273 


1.20 
1.259 

1-59 
1.15 


OP  SOLID  BODIES 


PBAT. 

{Dr.  SuilivaH.) 
Irish  peat  (comprising  an 
average  amounl  of  water 

from  20  to  25  per  cent):— 
Lightest  upper  moss  peat  ... 

Average  light  moss  peat  

Average  brown  peat  

Compact  black  pcatt*.  

Densest  peat  

Meaa  of  live  samples  

Average  upper  brown  peat .. 
Moderately  compact  lower  j 

brown  turf  ) 

Mean  of  two  daaset.  

Condensed  peat...  

{Kane  and  Su//rtwf,) 
Excessively  light,  spcHigy  ) 

surface  peat  ) 

Light  stimce  peat  

Rather  dense  peat  

Very  dense  dark  brown  peat 
Very  dense  blackish  brown  / 

comoact  peat  ) 

Exoceoingly  dense  jet  black  / 

P«at  f 

Exceedingly  dense,  dark, ) 

blackish  brown  peat  ] 

{Karmarsch.) 

Turfy  peat,  Hanover.  

?  ibrous  peat,  da   

Karthy  peat,  da   

Pitchy  peat,  do  


Cutnc  feet  per 
ton,  italked. 


.369.60. 

254.20 
.147.00. 

131-28 
.  99.36. 

2oa29 


..iSSiO  ... 


Weight  of  one  .  Weight  of  01 
cubic  foot,    1  cuDic_foot, 


one 


...141.75. 

5 1 .2  to  4aaj43*75  to  $6.8 


6.06 
8.81 

15-13 
17.06 

22.54 
11.18 


11.9a 
1440 

15.80 


pouada. 


Specific 
Gravity. 


63.5X081.1 1  IjOtOI.3 


15.7X021.0 

2a9to25.3 

29.7x0417 
40.5x044.5 

45*1 1061.3 

53.21061.8 

660  Ml 


6.9X0  16.2 

15.0  to4i.8 

25.6  to  56. 1 

38.7  1064.2 


.219X0 .337 

.47010.00 
.650x0.713 

.724x0.983 

.725  to -991 
-  I.OS3 

.11  to  .26 
.2410  .67 

41  to  .90 
.62  to  1.03 


FU£X»  IN  FRANCS. 

Pure  Graphite....*.....  

Anthracite  

Rich  coal,  with  a  long  flame  

Dry  coal,  with  a  long  Hame.  

Rich  and  hard  coal..^....^.  

Smithy  coal  

Lignite  ^  

Do.  biXunmuNU;  

Do.  imperfecta  

"  Jayct "  »  

Bitumen,  red  

Bo.    Mack  »  

Do.    txown  , 

Asphaixe  A  < 


W««htof 
cubic  totlL 


poundi. 


..  145-3 

83.5  to  91.0 
79.8  to  84.8 

84.8 
..    82.3  .. 

79.8  to  81. 1 

77.9  to  84.2 
72.3  to  74.8 

68.6  to  74.2 
81.7 

...    g3  - 


Specific  Cmvitgr. 


I. 


2.33 
1.34  to  1.46 
1.28  to  1.36 

1.36 

T.32 

1.28  to  1.30 
r.2C  to  r.35 
t.ro  xo  T.20 
1. 10  to  1. 19 

...  f.i6 
1497 

•  ^2? 
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VOLUME,  WEIGHT,  AND  SPECIFIC  GRAVITY 


We«|||tt«r<MM 
onbicfoot. 


WOODS. 


Pomegranate  

Boxwood  

Do.     of  Holland  

Do.     of  France  

Lignum  vitse  

Ebony  

Do.  Green  

Do.  Black  

Oak,  Heart  of.  

Du.  Knglish  

Do.  European  

Do.  American,  Red  

Lanccwood  

Rosewood  

Satin-wood.  

Walnut,  Green  

Do.  Brown..  

Laburnum  

Hawthorn  

Mulheny  

Plum-tree  

Teak,  African   

Mahogany,  Spanish  

Da      St.  Domingo...  

Do.  Cuba  

Do.  Honduras  

Beech  ,.  

Do.  with  so  per  cent  moisture. 

Do.   cut  one  year  

Ash  

Do.  with  20  per  cent,  moisture  

Acacia  

Do.  with  20  per  cent,  moisture.  

Hollv  

Hornbeam  

Yew  

Birch  

Elm  

Do.  Green  

Do.  with  20  per  cent,  moisture  

Yoke^Elm    do.  do  

Kock-£Im  

Fir,  Norway  pine  

Do.  Red  pine  

Do.  Spruce  

Do.  Larch  

Do.  White  pine,  English  

Do.       do.  Scotch  

Do.       do.  do.   20  per  cent,  moisture... 

Do.  Yellow  pine  

Do.       do.  American  

American  Pine-wood,  in  cord  (heaped)  

Apple-tree  


**................... 


pounds. 
..     84.2  .. 

64.8 
..     83.3  .. 

56.7 
40.5  to  82.9 

70.5 

..      75.5  • 

74.2 

..  730 
58.0 

43.0  to  61.7 

54.2 

41.8  to  63.0 
64.2 

..  59.9  .. 
57.4 

,..  42.4 
57.4 

..    56.7  .. 

55.S 


54.2 

61.0 


..  34.9 

34-9 
46.8  to  53.0 

51.1 
..    41.3  ... 

52.4 


437 


51.1 
..    44.9  • 

47.5 

..    47.5  .. 

46.1  to  50.5 
44.9  to  46. 1 

34.3 

..  47.5 

44-9 
..    47.5  .. 

50LO 

..    46.1  .. 

29.9  to  43.7  o 
29.Q  to  43.7  ,  o 
31.18  to  39.9  o 

.  34.3 

34.3 

.    30.6  .. 

41.2 

.   38.7  .. 

21 

.  45-S 


1-35 
1.04 

1.3a 

0.91 

.65  to  1.33 

ii3 
1.2 1 

1. 19 

1. 17 

0-93 
.69  to  .99 

.87 
.67  to  1. 01 
1.03 
0.96 
a92 
0.68 
0.92 
0.91 
a89 
a87 

.98 
aSs 

0.75 

0.56 
1.75  to  0.8$ 

0.66 

0.84 
0.70 
0.82 

a72 

0.76 
0.76 
•74  to  0.81 
•.72  to  0.74 

0.55 

0.76 
0.72 
o.y6 
a8o 

0.74 
.48  to  0.70  I 
48  to  a70  I 
•.50  to  0.64 
ass 

0-53 

IM 

0.46 

0.34 
0.73 

 I 
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Pear-tree  

Orange-tree  

Olive-tree  

Maple  

Do.    20  per  cent,  moisture  

Service-tree  

Cypress,  cut  one  year  

Plane-tree  

X'inc-trce  

Aspen-tree  

Alder-tree  

Do.      ao  per  cent  moisture 

Sycamore  ,  

Cedar  of  Lebanon  

Bamboo  

Poplar...  

Do.  White  

Do.   20  per  cent  moisture  

Willow  

Corlt.  

Elder  pith  


INDIAN  WOODS. 


Northern  Teak. 
Southern  Teak. 
Jungle  Teak .... 
Blackwood.^.... 

Khair  

Erroul  

Red  £yne  

Bibla  

Poon  

Kulluni  

Hedoo.....  


{Berkley,) 


COLONIAL  WOODS. 
{Fawke,) 

Jamaica:— 

Black  heart  ebony  

Lignum  vitae   

Small  leaf.  

Neesbcrry  bullet-trec  

Red  bully -tree  

Iron  wood  

Sweet  wood  

Fustic  

Satin  candlcwood   

Bastard  cabbage  bark  

White  dogwood  

Black  da   

Gynip.  


Weight  of  one 
cubic  foot. 


pounds. 

45-5 
••  44-3 

42.4 
..  4a5 

41.8 
..  41.8 

41.2 
..  40.5 

37.4 
-  37.4 
34.9 
37.4 

36.8 

30.6  to  35. 
19.5  to  24, 

..  24.3 

2ao  to  31. 

..  29.9 
30.6 
15.0 
4.74 


55 
48 

4" 

56 

73 

6- 


SpedficGmvitj. 


8 


56 

39 
41 
39 


..  74,2  .. 
40.5  to  73.0 

..  73^ 

65.5 

62.36  .. 

61.7 

6as  .. 

6a5 
..  59-9 

58.6 
..     58.6  .. 

58.0 
..  58.0 


073 
..  0.71 

a68 
a65 

0.67 
..  0.67 

a66 
..  0.6$ 

0.60 

0.60 

0.56 
..  0.60 

0.59 
0.49  to  0.57 
0.31  to  0.40 

..  0.39 

a32  to  0.51 
0.48 
0.49 
a24 
ao76 


0.882 
0.770 
0.658 

0.  898 
1. 171 

1.  Q14 
1. 091 
0.898 
0.625 
0.658 
0.625 


..    1. 19 
0.65  to  1. 17 
.,  1.17 

1.05 

1. 00 

0.99 
..  0.97 

0.97 

0.96 

0.94 

0.94 

0.93 
..  a93 


14 
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VOLUME,  WEIGHT,  AND  SPECIFIC  GRAVITY 


Colonial  Woods  {cwUinuai). 

Jamaica  {conthiued): — 

Wild  mahogany  , 

Cash.ivir.„  , 

W'ikl  orange  ,  , 

Sweet  do  

Bullet-trec  (bastard)   

Tamarind  

Do.    wild  «  »  

Prune  

Yellow  banders  

Beech  

French  Oak  • 

Broad  Leaf  »,» 

Fiddle  Wood  

Prickle  YeUow  

Boxwood  

Locust-tree  «  

Lancewood   

Green  Mahogany  

Yacca.  

Cedar  

Calabash  *•••«..  

Bitter  Wood  ,  

Blue  Mahoe  

Average  of  56  woods  of  Jamaica  

New  South  Wales:— 

Box  of  Ihvarra  

Do.  Bastard   

Do.  True,  of  Cdmden  

Mountain  Ash  

Kakaralli  

Iron  Bark  

Do.  broad-leaved  

Woolly  Butt  

Black  Do  

Water  Gum  

Blue  Do  

Cog  Wood  

Mahogany  ,  

Do.  swamp  

Gray  Gum  

Stringy  Bark  

Hickory  

Forest  Swamp  Oak  

Mean  of  iS  woods  of  New  South  Wales. 

British  Guiana:— 
Sipiri,  or  Greenheart. 

Wallalir 
Brown  Ebony. 
Letter  Wood 
Cuamara  or  Tonka.. 
Monkey  Pot. 
Mora 


Weight  of  one 
cuEicfoei. 


pounds. 

..  S7.4 
57.4 
53.0  to  56. 

49-3 
..  56.1 

54.a 

..  46.8 

53-6 
..  53,6 

524 
..  4&0 

48.0 

44.3 

..  43^ 

42.4 
..  42.4 
41.2 

39.3 

36.2 

34.9 
34-3 

••  33-7 
53.1 

..  73.0 
69.8 

..  6a$ 
69.2 
68.6 
64.2 

..  63.6 
63.0 

55.5 
62.4 

..  524 

59.9 
59-3 

53-6 
56.0 
53.6 

..  46.8 
41.2 

..  S9-9 


0.92 

0.92 
a85  to  0.91 

0.79 
..  0.90 

a87 

..  a75 

0.86 
0.86 

..  0,77 

0.77 
..  0.71 

069 
..  a69 

0.68 
..  0.68 

a66 
..  a6t 


o.s8 
0.56 

0.55 
0.835 

1.17 
1. 12 
a97 
i.it 

1. 10 
1.03 
1.02 
1.01 

0.89 
1. 00 
a84 
a96 
0.95 
0.86 
0.93 
a86 

0.75 
0.66 

a96 
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Colonial  Woods  (amH/meii), 

British  Guiana  {continued)  — 

Ducaballi  

Qibacalli  

Kaiccri-balli  

Sirabulih.illi.  ,  

Buhuradda  

Buckati  

HoubabfldlL  

Baracara  ,  

White  Cedar  

Locust-tree  

Gutan  

Piiqjle  Heart  

r.an,.l..illi  

Crabwood  

SUverbalU.  

Mean  of  22  woods  of  British  Guiana. 


Willow. 

Oak  


WOOD.CHARCOAL  (as  powder). 


Aider  

Linie>tree.  *. 

Poplar  

Average  of  5  charcoals. 


WOOD-CHARCOAL  (in  small  pieces,  heaped). 

Walnut  

Ash  

Beech  

Yoke-elm  

Applc-trcc  

White  Oak  

Cherry -tree  

Birch  

Kim  

Yellow  Pine  

Chestnut-tree.  

Poplar  '.  

Cedar  

Average  of  13  charcoals  

Gunpowder  


Weight  of  one 
ouGcfboc 


WOOD-CHARCOAL  (as  made,  heaped). 


Oak  and  Beech. 

Birch  

Pine  

Average.... 


poMods. 

56.7 
55.5 

54.2 

52.4 
50.5 

S0.5 

50.5 

50.5 
48.0 

44.3 
43.7 

42.4 

39-9 
37.4 
34.3 
46.1 


96.7 

95-4 
92.9 
91.0 

90.4 

93-5 


39-3 
34.3 

32.5 

28.7 

28.7 
26.2 
25.6 

22.5 

->  ->  ^ 


Specific  Gmvby. 


20.6 

15.6 

15.0  .. 

25-3 
109.1  to  114.7 


15  to  15.6 
13.7  to  14.3 
12.5  to  13.1 

.4  14  .. 


0.91 
0.89 
0.87 
0..S4 
0.81 
a8i 
aSi 
0.81 
0.77 
0.71 
ayo 
0.68 
0.64 
0.60 
0.55 

0.74 


1.55 

1-53 
1.49 

145 
1.50 


..  0.63 
0.55 
..  0.52 

0.46 
0.46 
0.42 
0.41 
0.36 
0.36 
0.33 
a28 
a25 
0.24 
0.405 
1.75  to  1.84 


0.24  to  0.25 
0.22  to  0.23 
a20  to  a2i 
..  a225 
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WEIGHT  AND  VOLUME  OF 


ANIMAL  8UBSTANCB8. 


Peaiis  , 

Coral  

Ivory  .„ 

Bone  

Wool  

Tendon   

Cartilage  

Crystalline  humour. 

Huniun  body  

Nerve  

Wax  

White  of  whalebone. 

Butter  

Pork  fat  

Mutton  fat  


Weight  of 


culicfooc. 


Animal  charcoal,  in  heaps, 


VBOETABLB  SUBSTANCES. 

{ChtudeL) 

Cotton  

Flax  

Starch  

Fecula.  

Gum — Myrrh  

Do.    Dragon  ,  ,  

Do.    Dragon's  blood  

Do.  Sandarac  

Do.  Mastic  

Resin—Jalap  

Do.  Guayacum  

Do.  Bcn/oui  

Do.  Cfdophany  

Amber,  Opaque  

Do.  Transparent  

Gutta-percha  

Caoutchouc  

Grain,  Wheat,  heaped«  »  

Do.    Barley,  do  

Do.   Oats,  do  


pounds. 

...   169.6  ... 

167.7 
...    II9.7  ... 
1 1 2.2  to  124.7 

...  ioa4  ... 
69.8 

...    68.0  ... 

67.3 
...    66.7  ... 

64.9 
...    59.9  ... 

58.7 
...    58.7  ... 

58.7 
...    57.4  ... 


specific  Grnvity. 


50  to  52 


I  2  1.6 

1 1 1.6 
95-4 

lil 

82.3 
74.8 
68.0 
66.7 

76.1 
74.8 
68.0 

66.7 
68.0 

673 
60.5 

58.0 

46.7 

36.6 

31.2 


2.72 
2.69 

1.92 

1.80  to  2.00 
..  I.6I 
t.t2 

1.09 
1.08 
1.07 
1.04 

a96 

0.94 
..  0.94 

0.94 
..  a93 


0.80  to  0.83 


95 
79 
53 

36 

32 
20 

09 

.07 
22 
20 
09 
07 


I 
I 
I 

X 

1 

I 
I 
I 
I 

I 
I 
I 
I 
I 
I 

0.97 
a93 

a75 

0.59 

0.50 
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TABLE  No.  66.— WEIGHT  AND  VOLUME  OF  VARIOUS 

SUBSTANCES  {Trn^;okL) 


SUBSTANCE. 


Lead  (cast  in  pigs)  

Iron  (cast  in  pigs)  

Limestone  or  marble  in  blocks) 
Granite  (Aberdeen,  in  blocks}... 

Granite  (Cornish,  in  blocks)  

Sandstone  (in  blocks)  

Portland  stone  (in  blocks)  

Potter's  clay  

Loam  or  strong  soil  

Bath  stone  (in  Dlocks).»  

Gravel  

Sand  

Bricks  (common  stocks,  dry)  

Culm  

Water  (river)  

Splint  coal  , 

Oak  (seasoned)  

Coal  (Newcastle  caking)  

Wheat.  , 

Barley  , 

Red  tir  , 

Hay  (compact,  old)  , 


I  r 

ij    Cubic  fe«t  per 

II  mOi  In  DulK. 

1  ^Y*!?***  ^ 

CuDlC  KWC,  in  DUlK* 

cubic  feet. 

lbs. 

...  4. 

567 

6  9C 

...      13  ... 

'  JO 

166 

14. 

1 6 J. 

16 

till 

1 7 

I  12 

1  7 

1  70 
130 

18 

18 

121  C 

...  109 

23-5 

95 

...  Q3 

:  1 ::: 

39-5 

57 

...  43 

...  52 

45 

...    47  •.. 

...  4S 

59 

38 

...  59 

...  38 

280 

8 

TABLE  No.  67.— WEIGHT  AND  VOLUME  OF  GOODS  CARRIED  ON 

THE  BOMBAY,  BARUDA,  AND  CENTRAL  INDIA  RAILWAY. 


By  Colonel  J.  P.  Kennedy,  Consulting  Engineer  of  the  Railway. 


No.  of 


I 
2 

3 
4 

I 

7 


CLASSIFICATION  OF  GOODS  CONVEYED. 


Unpresscd  cotton  .... 

Furniture  

Ha]f-pressed  cotton .. 

Cotton  seeds.  

Wool   

Fruit  and  vegetables. 
Eggs  


Class  1. 1  Averages. 


Cobicfeet 
per  ton. 


cubic  feet. 
...  224  .. 

200 
...  186.. 

186 
...  140  .. 

ICQ 
...  90.. 


174 


Wei^tper 
cubic  foot. 


lbs. 
10 
II 
13 
12 
16 
22 

25 


13 


Cubic  feet 
per  ton, 
in  bulk 
(cMifliMed). 


cubic  feet. 
..  280 
250 

-233 

233 
..  175 

125 

..  113 


317 
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Goods  conveyed  over  the  Indian  Railway  {continued). 


No.  of 
kind. 


8 

9 
lo 

1 1 

12 

13 

»5 
i6 

17 
i8 

19 

20 
21 
22 


Class 


23 

24 

2S 
26 

27 
28 

29 

30 

3> 

32 

33 
54 
35 
36 


2. 


Class  3. 


37 

38 

39 
40 

41 
42 
43 


Class  4. 


classification  of  goods  conveyed. 


Grass  , 

Sundries  , 

Bagging  

Commissariat  stores  

Full-pressed  cotton  , 

Flax  and  hemp  , 

Groceries  

Grains  and  seed  

Twist  

Sugar  

Soap  

Firewood  

Salt  

Lime  

Dry  Fruits  

Averages   

Jagree  (Molasses)  

Kupas  (Seed  cotton)  

Mowra  (flowers  which  produce  spirit) 

Timber  

Ghee  (clarified  butter)  

Oil  

Piece  goods  

Rape  

Beer  and  Spirits  

Coal  

Paper  

Tobacco  

Opium  

Machinery  

Averages  

Cutler)'  

Potash  

Sand  

Colour  

Bricks  

Stone  

Metal  

Averages  

Averages  of  all  classes  


Cubic  feet 
per  ton. 


bic  feet. 
80  ... 
80 

70  ... 

70 

70  ... 
70 

60  ... 
60 

60  .., 
56 

56  ... 
56 

51  ... 
51 

50  ... 


60 


4S 
45 
45 

45 

40 

40 
40 
40 

36 
28 
28 
28 
26 

25 


41 


Weight  per 

cubic  foot. 


20 
20 
20 
18 
17 
15 

5 


1 1 


,64.4. 


lbs. 

28 
28 
32 
32 
32 
32 

37 
37 
37 
40 

40 
40 

44 

44 
45 


37 


S4 


112 
1 12 

112 

124 

132 
148 

443 


203 


35-4 


Cubic  feel 
per  ton, 
\\\  bulk 

iestimated  >. 


50 
50 

50  .. 

50 

56  .. 
56 

56  ... 

56 
62  ... 
80 
80  ... 
80 

86  ... 

90 


cubic  feet. 
...TOO 
100 
...  87 

87 
...  87 

87 
...  75 

75 
...  75 

70 
...  70 

70 
...  64 

64 
...  63 


14 


80 


Note. — The  last  column  has  been  added  by  the  author;  the  quantities  are  calculated  by 
adding  one-fourth  to  the  quantities  in  the  third  column,  to  give  approximate  estimate  of 
the  volume  occupied  in  waggons  by  the  ^o^f's  or  the  space  required  lo  load  a  ton  of  each 
kind.    Sand,  No.  39,  lies  solid  in  any  situation. 
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TABLE  No.  68.— WEIGHT  AND  SPECIFIC  GRAVITY  OF 

UQUIDS. 


LIQUIDS  AT  ^  r. 


Mercury 

Bromine  

Sulphuric  acid,  maximum  concentration.. 

Nitrous  acid.  

Chloroform  •..•••••.••.••••«•.••- 

Water  of  the  Dead  Sea  

Nitric  acid,  of  commerce  

Acetic  acid)  roaarimnm  concentration. «•■.• 

Milk.  

Sea  water,  ordinary  v. 

Pure  water  (distilled)  at  39°.!  F., 

Wine  of  Boraeans.  

Do.  Burgundy... 

Do.  ix)ppy  

Do.  rape-seed  

Da  whale  

Da  olive  

Do.  turpentine  

Do.  potato  

Petroleum  

Naphtha  

Ether,  nitric  

Do.  sulphurous.... 

Do.  nitrous  

Do.  acetic  

Do.  hydrochloric, 

Do.  sulphuric  

Alcohol,  proof  spirit, 

Do.    pure.  , 

Benzine  

Wood  spirit  


Tar 
Vinegar 


Weight  of  one 
cubic  foou 


pounds. 
848.7  .. 
185. 1 
1 14.9  .. 

95-5 
774 

76.2  .. 

674 

64.3  .. 

64.05 

62.1 
61.9  .. 

58.7 
58.1  .. 

574 
574 

57.1 

54.3 
51.2 

54-  9  .. 

53J 
69.3  .. 

67.4 

55.6  .. 

55- 6 

54-3  .. 

44.9 

574  .. 

49-3 

53.1 

49.9 
,  624 

674 


I    Weight  of 
gallon. 


pounds. 

136,0  . 
29.7 
184  . 
15.5 

15-3  . 
12.4 

12.2  . 
10.8 

10.3  . 

10.3 

1 0.0  . 

9-9 
9.9 

94 

9-3  . 
9.2 
9.2  . 

9.15 
8.7  . 
8.2 

a.8  . 

8.5 

11. 1  . 

10.8 
8.9  . 

8.7 . 

7.2 

9.2  . 

7.9 
,   8.5  . 

8.0 
.  10.0  . 

ia8 


•Specific 
Gravity. 


Water  =  i. 
..13.596 
2.966 
..  1.84 

1.55 

1.53 
1.24 

..  1.22 

1.08 

..  1.03 

1.026 

..  i.ooo 

0.994 

..  a99i 

0.94 
..  0.93 

0.92 
..  a92 

0.915 
..  0.87 

a82 
..  0.88 

a8$ 
..  I. II 

1.08 
..  0.89 

0.89 
..  0.87 

0.72 
..  0.92 

0.79 

..  0.85 

0.80 
..  1.00 
1.08 


Digitized  by  Google 


2l6 


WEIGHT,  ETC.,  OF  GASES  AND  VAPOURS. 


TABLE  No.  69.— WEIGHT  AND  SPECIFIC  GRAVITY  OF 

GASES  AND  VAPOURS. 


GASES  AT  32*  F.   AND  UNDER  ONE 
ATMOSPHBXB  OP  PRBSSURK. 


Vapour  of  mercury  (ideal)  

Vapour  of  bromine  

Chloroform  

Vapour  of  turpentine  

Acetic  ether  

Vapour  of  benzine   1 

Vapour  of  sulphuric  ether  .... 

Vapour  of  ether  (?)  

Chlorine  

Sulphurous  acid  

Alcohol  

Carbonic  acid  (actual)  

Do.  (ideal)  

Oxygen  

Air  

Nitrogen  

Carbonic  oxide  

Olefiant  gas  

(Gaseous  steam  

.Amnioniacal  gas  

Light  carburctted  hydrogen .. 

Coal-gas  (page  458)  

Hydrogen  


Volume  of  one 
pound  weight 


cubic  feel 
1.776 
2.236 

2.337 
2.637 

4.075 

4.S98 
4.790 

4777 
5.077 

5513 
7.679 

8.101 

8.157 
1 1.205 
12.387 
12,723 
1 2.804 
12.580 

i9-9»3 
21.017 

22.412 

28.279 

178.83 


Weight  of  one  cubic  foot. 


in  pounds. 
...0.563  ... 

0.447 
...0.428  ... 

0.378 
...0.245  ••• 

0.217 
...0.209  ... 

0.206 
...0.197  ... 

0.1814 
...0.1302  ... 

0.12344 
...0.12259 

0.089253 
...0.080728 

0.078596 
...0.0781  ... 

0.0795 
...0.05022 

0.04758 
...0.04462 

0.03536 
...0.005592 


in  ounces 


•9 

7. 
.6, 

6. 

•3 

3- 

3- 

'-3- 

2. 
,.2. 

I, 
..I. 

I. 
..I. 

I. 
,.1. 

I. 
..o, 

o, 
..o, 

o, 
..o, 


008 

156 

846 

042 

927 
480 
340 
302 

152 

902 

083 

975 
961 
428 
29165 
258 
250  . 
272 
8035  . 

7613 

7139. 

,5658 
0895 


•Specific 
Grax-ity. 


Air  =  1. 

6.9740 

5.5400 

5.3000 

4.6978 

3.0400 

2.6943 

2.5860 

2.5563 
2.4400 
2.2470 
1.6130 
1.5290 
1.5186 
1. 1056 
1. 0000 
09736 

0.9674 
0.9847 

0.6220 
0.5894 

0-5527 
0.4381 

0.0692 


TABLES  OF  THE  WEIGHT  OF  IRON  AND 

OTHER  METALS, 


Wrought  Iron. — According  to  Table  No.  65  of  the  Weight  and  Specific 
Gravity  of  Solids,  the  weight  of  a  cubic  foot  of  wrought  iron  varies,  for 
various  ([uaHties,  from  466  pounds  to  487  pounds  per  cubic  foot,  and  the 
average  weight,  taken  for  purposes  of  gena»l  calculation,  is  480  pounds  per 
cubic  foot  This  average  weight  is  equivalent  to  a  weight  of  40  pounds  per 
square  foot,  i  inch  in  thickness — a  convenient  unit,  which  is  usually 
employed  in  the  development  of  tables  of  weights  of  iron  for  engineering 
and  manufacturing  purposes.  The  extremes  of  variation  from  this  medium 
unit,  extend  from  pound  less,  to  about  5  8  pound  more  than  40  pounds 
|)cr  sfjuare  foot,  or  from  2.2  to  1.5  i)er  cent,  either  way — a  deviation,  the 
extent  of  whicii  is  of  little  or  no  practical  consequence,  and  which,  at  all 
events,  is  comprehended  in  tlie  percentages  allowed  in  the  framing  of 
estimates. 

The  average  weight  of  a  cubic  inch  of  wrought  iron  is 

^^  =  .277  pound, 

or  one-tenth  more  than  a  quarter  of  a  pound.  For  a  round  number,  when 
cubic  inches  are  dealt  with,  it  may  be,  and  is  usually,  taken  as  .28  pound, 
which  is  only  four-fiiUis  of  i  per  cent  more  than  the  medium  weight,  and 
corresponds  to  a  weight  of  4^3-^4  pounds  per  cubic  foot,  or  to  40.32 
pounds  per  square  foot,  i  inch  thick,  or  to  10  pounds  per  lineal  yard, 
I  inch  square. 

The  volume  of  i  pound  of  wrought  iron  is  3.6  cubic  inches. 

Stitl. — The  weight  of  a  cubic  foot  of  steel  varies  from  435  pounds  to 
493  pounds  per  cubic  foot,  and  the  average  weight  is  about  490  pounds 
per  cubic  foot.  For  convenience  of  calculation,  the  average  weight  is  Uiken 
in  the  following  tables,  as  489.6  pounds  per  cubic  foot,  for  which  the 
specific  weight  is  1.02,  when  that  of  wrought  iron=  i.oo.  The  weight  of  a 
square  foot,  i  inch  thick,  is  40.8  pounds;  of  a  lineal  ]nud,  i  inch  square, 
X0.2  pounds;  and  of  a  cubic  inch,  .283  pound. 

The  volume  of  i  pound  of  steel  is  3.53  cubic  inches. 

Cast  Iron. — The  weight  of  a  cubic  foot  of  cast  iron  varies  from  378^^ 
pounds  to  A,(i']yi  pounds  per  cubic  foot,  and  the  average  weight  is  taken  as 
450  pounds.  The  weight  of  a  square  foot,  i  inch  thick  is,  therefore,  37.5 
pounds;  of  a  lineal  yard,  i  inch  square,  9.375  pounds;  and  atnibic  inch, 
.26  pound.   The  specific  weight  is  .9375. 

The  volume  of  i  pound  of  cast  iron  is  3.84  cubic  inches. 

The  following  data,  for  the  weight  of  iron,  are  absbacted  for  readiness 
of  reference: — 
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Wrought  Iron,  Rolled. 

I  cubic  foot,   480  pounds,  or  4.29  cwts. 

1  square  foot,  i  inch  thick,   40  pounds. 

X  squaxe  foot,  3  inches  thick,   120  pounds,  or  1.07  cwts. 

3  sfium  feet,  z  indi  thick,   lao  pounds,  or  1.07  cwts, 

I  lineal  foot,  i  inch  square,   pounds,  or  .03  cwt 

I  cubic  inch,  say   0.28  pound, 

3.6  cubic  inch,   i  pound. 

I  lineal  yard,  i  inch  square,   10  pounds. 

I  lineal  foot,  3  inches  S(|uare,   30  jiounds. 

I  lineal  foot,  6  inches  square,   120  pounds,  or  1.07  cwtS. 

I  lineal  foot,  3  inches  by  i  inch  thick,    10  pounds. 
X  lineal  foot,  ^  indi  in  diameter,....     2  pounds. 
X  lineal  foot,  a  inches  in  diameter,...    zo.5  pounds. 
1  lineal  foot,  6}i  in.  in  diameter,  about  x  cwt 

Cast  Iron. 

X  cubic  foot,   450  pounds,  or  4  cwts. 

5  cubic  feet,   i  ton. 

1  S(]uare  foot,  i  inch  thick,   37.5  pounds. 

I  square  foot,  3  inches  thick      cub.  ft.  ),  1 1 2.5  pounds,  or  i  cwt. 

3  square  feet,  i  inch  thick,   11 2.5  pounds,  or  i  cwt 

I  cubic  inch,   0.26  pound. 

3.84  cubic  inches,   i  pound. 

The  Table  No.  70  contains  the  weight  of  iron  and  other  metals  for  the 
following  volumes: — 

I  cubic  foot. 

I  square  foot,  i  inch  thick,  or  Vi,th  of  a  cubic  foot 
z  lineal  foot,  x  inch  square,  or  'Aath  of  a  square  foot 
I  cubic  indi,  or  V,ath  of  a  lineal  foot 

A  sphere,  z  foot  in  diameter. 

The  specific  g^a^•ity  due  to  the  respective  we^hts  per  cubic  foot  is  also 
given,  and  likewise  the  specific  weight  or  heaviness,  taking  the  weight  of 

wrought  iron  as  i,  or  unity. 

The  next  Table,  No.  71,  contains  the  volumes  of  iron  and  other  metals 
for  the  following  weights : — 

I  ton,  in  cubic  feet 

I  cwt.,  in  square  feet,  i  inch  thick. 

1  cwt,  in  lineal  feet,  i  inch  square. 

I  pound,  in  cubic  inches. 

I  ton,  as  a  sphere,  in  feet  of  diameter. 

I  ton,  as  a  cube,  in  foet  of  lineal  dhnension. 

The  next  Table,  No.  72,  contains  the  weight  of  1  square  foot  of  metals  of 
various  thickness,  advancing  by  sixteenths  and  by  twentieths  of  an  inch,  up 
to  X  inch  ill  thickness. 

The  fourth  Table,  No.  73,  contains  the  weight  of  prisms  or  bars  of  iron, 
and  other  metals,  or  metals  of  any  other  unifomi  section,  for  ^en  sectional 
areas,  var\'ing  from  .i  square  inch  to  10  square  inches  of  section,  advand^g 
by  one-tentli  of  an  inch,  for  i  foot  and  i  yard  in  length. 
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This  table  is  useful  in  calculations  of  the  weights  of  bars  of  every  form, 
rails,  joists,  beams,  girders,  tubes,  or  pipes,  ike,  when  the  sectional  area 
is  given. 

The  table  is  available  for  finding  the  wei^^t  of  a  metal  Ibr  any  sectional 

area  up  to  100  square  inches,  by  simply  advancing  the  decimal  points  one 
place  to  the  right;  or,  in  round  numbers,  up  to  1000  square  mches,  by- 
advancing  the  (k'(  inial  points  two  jilaces.  For  example,  to  find  the  weight 
of  wrought  iron  having  a  sectional  area  of  17  square  inches:— 

For  1.7  square  inches,  the  we^bt  per  foot  is  5.67  pounds. 
For  17  square  inches,  the  wei^t  per  foot  is  56.7  pounds. 
For  170  square  inches^  the  weight  per  foot  is  567  pounds. 


Table  Na  70. — ^Weight  of  Mbtals. 


Metal. 


Wroogfat  InML.... 

Cast  Iron  

Steel  

Copper,  Sheet .... 
Copper,  Hammered 

Tin  

Zinc  

Lead  

Brass,  Cast  

Brass,  Wire.  

Gon  Metal  

Silver  

Gold   

Platinum  


Cubic  Fooc 


Ibc  or  cwts. 


480  or 

450  or 
499.6  or 
549  or 

556  or 
462  or 

437  or 
7isor 

505  or 

533  or 
524  or 

655  or 

1 200  or 

1342  or 


4*99 

4.02 

4-37 
4.90 
4.96 

4  13 

390 
6.56 

4-  5» 
4.76 
4.68 

5-  85 
10.72 

12.00 


Square  Foot, 
X  Uidi  Thick. 


Vtm.  or  cwis. 


40  or 

37- 5  or 
40.8  or 
45.8  or 

46.3  or 

38.5  or 

36.4  or 

59.3  or 

42. 1  or 

44.4  or 
43- 7  or 

54. 6  or 
100.0  or 
1 1 1.8  or 


.357 

.335 
•364 
.409 

•413 
•344 
.325 
.530 

•375 
•396 

•390 
.488 

.893 

I.OOO 


Lineal 
Foot. 
I  Incn 
Square. 


3-333 

3^»25 
3.400 

3.813 

3.S61 

3-2oS 

3035 
4.944 

3.507 
3- 701 

3-  639 

4-  549 

8-333 
9.320 


Cubic 
Inch. 


Sphere. 
I  Foot 
Dia- 
meter. 


n».  n». 


.278 

.260 
.28^ 
.318 
.322 
.268 

•253 
.412 

,292 

.308 

•304 

•379 
.694 

•  777 


251 

236 
257 
287 
291 
242 
229 

373 

264 

279 

274 

343 
628 

703 


Specific  II  Specific 
Gimvity.  UWciiltt. 


Water 

7I98 

7.217 

8.805 
8.917 
7.409 
7.008 
11.418 
8.099 
8.548 
8.404 

10.  ^o^ 

19.245 

21.522 


RWro'cht 

llroost. 

1.000 

•9375 
1.020 

1.144 
1. 158 
.962 
.910 

i.4«3 

1.052 

1. 1 10 
1.092 

»365 
2.500 

2.796 


Table  No.  |i. — ^Volumb  or  Metals  for  given  Weights. 


Mbtal. 


'  "WnMUilit  ^WL....«. 

Ca<>t  Iron......  

Siccl  

Cupper,  Sheet  

Copper,  Haauncred 

Tin  

Zinc  

Lead.  

Brass,  Ca^t  

Brass,  Wire  

Oun  litelal  .»^«...... 

SilveCi..*..  

Oold  

Flatimim  


Cubic  Feet 
t««  Ton. 

Square  Fec^ 
I  IncbTUdk, 
toacwt. 

t  Tit  Tipaifj 
toaewt. 

Cubiclnrlics^ 
to  a  lb. 

^  Diameter 
of  .1  Splicrc 
of  I  Too. 

5^ide  of  a 
Cube  of 
«^ 

Cttbicfbet 

squan  feet 

feet 

enbiefaiclies. 

ieet 

4.67 

4.98 

3.80 

33-6 

3.60 

2.07 

1.67 

2.99 

3^-8 

3-S4 

2.12 

1.71 

2.75 

32.9 

3-53 

2.26 

1.66 

4.08 

2.44 

«9.4 

3^>5 

1.98 

i.te 

403 

2.42 

29.0 

3- 'I 

1  I.9S 

1-59 

4.86 

2.91 

34-9 

3-74  1 

2. 10 

i.()9 

5- '3 

3.08 

36.8 

3-95 

2.14 

1.73 

3.15 

1.89 

22.7 

a.43 

I.8I 

1.47 

4.44 

2.67 

319 

342 

2.04 

r.64 

4.20 

2.30 

30. 1 

324 

2.00 

1. 61 

4.08 

a.  56 

30.8 

330 

2.02 

1.62 

3.4a 
1.87 

2.0s 

24.6 

2.64 

1.87 

«  5» 

1. 12 

13.4 

1.44 

1.59 

1. 28 

1.67 

i.ao 

13.0 

1.29 

1.47 

1.19 
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Table  No.  72. — Weight  of  i  Square  Foot  of  Metals. 


Thickness  advancing  by  Sixteenths  of  an  Inch. 


Thick- 
ness. 

Wkc/t 
Iron. 

Specific 
wt.ssi. 

Cast 

Ikon. 

Spccilic 

Steel. 

Specific 
wt.=i.oa. 

Cbmit. 

Specific 
wt.Bi.i6. 

Tim. 

Specific 
wt=.96a. 

ZiMC 

Specific 
wt.=.9io. 

Brass. 

Specific 
wt.  =  1.052. 

Gin 
Metal. 

Specific 
wt.  =  1.09a. 

Lkad. 

Specific 
wi  =1.48. 

inch. 
«/i6 

H 
3/16 

S/16 

H 

7/16 

y/xo 

H 

H 

r 

'5/ 16 
I 

lbs. 

2. 50 

5.00 

7.50 
10.0 

12.5 

'5-0 

«7.5 
20.0 

22.5 
25.0 

27.5 
30.0 

32.5 

37-5 
40.0 

IbL 

2.34 
4.69 

7-o\ 
9.38 

I1.7 

14. 1 
16.4 
18.7 

■9  1  f 

23.5 

25.8 

28.1 

30.^ 
32.8 

35-2 

37.5 

lb*. 

2-55 
5.10 

7.65 

10.2 

12.8 

»5-3 
17.9 
20.4 

25- 5 

28.1 

30.6 

33-2 
35^7 

40.8 

lbs. 

2.89 

5-7Q 
8. 08 

II.6 

«4-5 

174 
20.3 

23.2 

28.9 
31.8 

34^  7 

37.6 
40.5 

43^4 
46.3 

Uw. 
2.41 

4.81 
7.22 

9.63 

12.0 

14.4 

16.8 

193 

21.7 
24.1 

26.5 
28.9 

31-3 
33-7 
36.1 

38.5 

lb*. 

2.28 

4.55 
6.83 

9.10 

1 1.4 

137 

18.2 

22.8 

25.0 

27.3 

29.6 
319 

36.4 

n». 

2.63 
5.26 
7.89 

132 
15.8 
18.4 
21. 1 

23"  7 
26.3 
28.9 
31.6 

34.2 
36.8 

39^  5 
42.1 

lb>. 

2.73 
S.46 
8.19 

Id  9 

13-7 
16.4 

19. 1 

21.9 

27- 3 

30.0 

32.8 

35  0 

41.0 
43.7 

371 
7.41 

II. I 
14.8 

18.5 

22.2 

25.9 
29.7 

3j-4 
37^1 
40.8 

44.5 

48.2 

5'-9 
55^6 

59.3 

Thickne^  aiivajicing  by  Twentieths  of  an  Inch. 

inch. 

lbs. 

Ifas. 

Ibi. 

Ibi. 

Ibi. 

1  Ibi. 

Ifaft. 

lbs. 

.05 

2.CO 

1.88 

2.04 

2.32 

1-93 

1.82 

2.  II 

2.19 

2.96 

.  10 

4.00 

3-75 

4.08 

4-63 

3.85 

364 

4-21 

4^37 

5-93 

6.00 

5^63 

6. 12 

6.95 

5-78 

546 

6.32 

6.56 

8.90 

.20 

8.00 

750 

8.16 

9.26 

7.70 

7.28 

&42 

8.74 

.25 

lO.O 

9.38 

ia2 

1 1.6 

9-63 

9.10 

10.5 

10.9 

•30 

12.0 

"•3 

12.2 

139 

I1.6 

10.9 

12.6 

13.1 

I7.S 

•35 

14.0 

13- 1 

14.3 

16.2 

135 

12.7 

14.7 

15.3 

20.8 

.40 

16.0 

15.0 

16.3 

154 

14.6 

16.8 

17.5 

23^  7 

.45 

18.0 

16.9 

18.4 

20.8 

17.3 

16.4 

18.9 

19.7 

26.7 

.50 

20.0 

18.8 

20.4 

23.2 

19.3 

18.2 

21. 1 

21.9 

29.7 

•55 

22.0 

20.6 

22.4 

25.5 

21.2 

20.0 

23.2 

24.0 

32.7 

.60 

24.0 

22.5 

24.5 

27.8 

23  I 

21.8 

25- 3 

26.2 

35.6 

.65 

26.0 

24.4 

26.5 

30.1 

25.0 

237 

27.4 

28.4 

38.6 

.70 

28.0 

26.3 

28. 6 

4 

27.0 

255 

29-5 

30.6 

41-5 

•75 

30.0 

28.1 

30.6 

34.7 

28.9 

273 

31-6 

32.8 

44-5 

.80 

U.O 

30.0 

32.6 

370 

30.8 

29.1 

33^  7 

350 

47^5  ! 

.85 

34- 0 

34-7 

39-4 

32.7 

309 

35.8 

37-2 

50.4 

.90 

3<'^o 

33-» 

36.7 

41.7 

34-7 

32.8 

37-9 

39.3 

53-4 

■^S 

.^S.o 

35-6 

38.8 

44.0 

36.6 

34-6 

40.0 

41. 5 

56.3 

1. 00 

40.0 

37-5 

40.8 

46.3 

38.S 

36.4 

42.1 

43-7 

59.3 

HeUto  Tabu  T 3,  next  page. — To  find  the  weight  of  i  lineal  foot  or  i  lineal  yard  of 
hammered  iron,  copper,  tin,  zinc,  or  lend,  multiply  the  tabular  weight  for  rolled  wrought 
iron  of  the  given  dimensiotts  by  the  following  multipliers,  respectivdy 

Exact.  ArrKoxiMATB. 

Hammered  Iron...  1.008  i.oi  equivalent  to  I  per  cent  more. 

Copper  1.158  1. 16  16     ,,  more. 

Tin  962  96         „        4     ,,  less. 

Zinc  01  91         „        Q     „  less. 

Lead  Ii453  1.48        „      48     „  more. 
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Table  No.  73. — ^Weight  of  Metals,  of  a  given  Sectional  Area, 

PER  Lineal  Foot  and  per  Lineal  Yard. 


1  SiCT. 

1  AnA. 

ROLLKD 

Wrought  Iron. 
Sp.  Weistusi. 

1    Cast  Ikon. 
'S^Weight=.937S. 

Stebu 
1  Sp.  Weights  I. oa. 

'  Brass 

Sp.  Weight— 1 .053. 

OuN  Metal. 
Sp.  Weights  1.093. 

I  Foot. 

I  Foot. 

I  Yard. 

I  Foot. 

I  Yard. 

I  Foot 

I  Y.ird. 

1  Fool. 

1  Yard. 

.2 
•3 

1  1 

'  .6 

.7 

.8 

.9 
1.0 

I.I 
1.3 

1-  3 
14 

15 
1.6 

1.7 
1.8 

1.9 

2.0 

2.1 

2.2 

2-  3 

2.6 

2-  7 
2.8 

2.9 
3.0 

3.» 

3-  « 

3'3 
3.4 

3-5 
3-6 

11 

3-  9 
4.0 

•  4  » 

4-  2 

'  4-3 
4.4 

1  4.5 

•  4-6 

4-7 
4.8 

49 
1  >^ 

.333 
.667 

I.OO 

»  33 

I.  67 

2.00 

«-33 

2.67 

3.00 

3-  33 

367 
4.00 

4-  33 
4.67 

5.00 

5-  53 
5.67 

6.00 

6-  33 
6.67 

7.00 

7-  33 
7.67 

8.00 

8.33 
S.67 

9.00 

9.33 
9.67 

lO.O 

10.3 
10.7 

II.  O 

"3 
II. 7 

12.0 

12.3 

12.7 

13.0 

13.3 

13.7 
14.0 

14-3 
14.7 
15.0 

»5-3 
"57 

16.0 

16.3 
16.7 

1 

I.  OO 
2.00 
3.00 

4.00 

5.00 

6.00  1 

8.00 
9.00  , 
10.0 

II.  O 
I3.0  1 

13.0 

14.0 

15.0  ^ 

16.0 

17.0 

18.0 

19.0 

30.0 

21.0 
22.0 
23.0 
24.0 

25.0 
20.0 
27.0 
28.0 
29.0 
30.0 

31.0 

33.0 

33.0 

34.0 

350 
36.0 

370 

39.0 

4ao 

41.0 

42.0 

430 

44.0 

45.0 

46.0  , 

47.0 

48.0 

49.0 

50.0 

lbs. 

.313 
.625 

.938 
1.25 

1.56 

I.  88 
2.19 

I  2.50 
2.81 

3.15 

3-44 

3.75 

4.06 

4.38 
4.69 

5.00 

5-31 
5-63 

5-94 
6.25 

6.56 
6.88 
7.19 
7.50 
7.81 

8- 13 

8.44 

8.75 
9.06 

9.38 

9.69 
10.0 
10.3 
10.6 
10.9 

"•3 

II.  6 

II.O 
12.3 

"•5 

12.8 

13- 1 
>3-4 

13-  8 
14. 1 

14.4 

14-  7 

15.0 

1  '5.6 

Ifag. 

.938 

I.  88 
2.81 

3.75 
4.69 

k% 

7- 50 
8.44 
9.38 

10.3 

II.  3 

12.2 

13- 1 
14. 1 

15.0 

159 
16.9 

17.8 

1&8 

197  ' 
2a6 

31.6 

22.5 

23.4 
24.4 

25.3 
26.3 

27.2 
28.1 

29.1 
30.0 

30-9 
31.9 

32.8 

33-  8 

34-  7 

36.6 

37-5 

38.4 
39-4 
403 

41-3 
42.2 

43- » 
44.1 

450 
45-9 
46.9  1 

1  Ibt. 

■m 

1.02 
1.36 

I.  70 
2.04 
2.38 

2.72 
3.06 
1  340 

4.42 
4.76 

5- 10 

5-44 
5-78 
6.12 
6.46 
6*80 

7.14 
7.48 
7.82 
8.16 
8.50 
8.84 
9.18 
9.52 
9.86 
10.2 

10. 5 
ia9 

II.  2 
II. 6 
II. 9 

12.2 
1  12.6 
12.0 

13.9 

143 
14.6 

15.0 

15.3 
1  15.6 
1  16.0 

16.3 
16.7 
i  17.0 

Ibt. 

I.  02 
2.04 
306 
4.08 
5.10 
6.12 

7.14 

8.16 
9.18 
10.2 

II.  2 
12.2 

13-  3 

14-  3 

153 
16.3 

17.3 

18.4 
19.4 

2a4 

21.4 

22.4 

23- 5 
24.5 

25- 5 
26.5 

27- 5 
28.6 

29.6 
30.6 

^'i 

32.6 

33-7 
34.7 
35-7 

36.7 

39.8 

40.8 

41.8 
42.8 

43-  9 

44-  9  j 

45-  9  ' 
46.9 

47-9 

49.0 

50.0 
5'.o 

1  Ibt. 

•351 
.701 

1  »oS 

'.43 

'  1.75 
1  2. 1 1 

1  2.46 

2.81 

1  3- 16 
351 

3.86 
4.21 

'  4.56 
4.91 
5.26 

1  5.61 

1  596 
6.31 
6.^ 
7.01 

1  7.36 
'  7- 72 
8.07 
8.42 
8.77 

9-12 

9.47 

9.82 
1  10.2 

10.9 
II. 2 

'  11.6 

1  "9 
I  12.3 

12.6 
13.0 

13-7 
14.0 

14.4 
14.7 

15.4 
15.8 
16. 1 
16.5 
16.8 
17.2 

17-5 

Ibt. 

I.  05 
2.10 

3- 16 
4.21 
5.26 
6.31 
7.36 
8.42 

9.47 
10.  s 

II.  6 
12.6 

13-7 

M.7 
15.8 

ib.S 

17.9 
18.9 
3ao 
21.0 

22.1 

23.1 
24.2 

25- 3 
26.3 

27.4 

28.4 

29-  5 

30-  5 
31.6 

32.6 

33-7 
34.7 

30.8 

37-9 
38.9 

AO.O 
41.0 
42.1 

43.1  ' 

44.2  , 

45.2  1 

46.3  , 

47-3  ' 
48.4 

49-  4 

50-  5 

52.6 1 

1  Ibt. 

•364 

;  -728 
1.09 
1.46 

I.  82 

i  2.18 
'  2.55 
2.91 
3.28 
364 

4.00 

4.37 

4.73 
5.10 

5.46 

5.82 
6.19 

6.55 
6.92 

7.28 

7.64 
8.01 

8.37 
8.74 
9.10 

1  946 
1  9.83 
10.2 

10.6 
10.9 

"•3 

II.  7 

12.0 
12.4 
12.7 

13.1 
13.8 

14.2 

14.6 

14.9 

>5-3 
1  15.7 
16.0 
16.4 
16.7 
1  17. 1 
'7-5 

,  18.2 

Ibt. 

1.09 
2.18 
3.28 

4.37 
5.46 
6.55 
7.64 

8.74 
983 
10.9 

12.0 

13. 1 
14.2 

153 
16.4 

17.5 
18.6 
19.7 
20.8 
21.8 

22.9 
24.0 

25.1 

26.2 

273 

28.4 

29-5 
30.6 

32.8 

33-9 

34.9 

36.0 

37- 1 
38.2 

39-3 
40.4 

41-  <> 
42.6 

43-7 

44.8 

45-9 
46.9 

48.0  1 

49.1 
50.2 

51-3 

52.4 

53-5 
54.6  1 

Digitized  by  Google 


222  WEIGHT  OF  METALS. 


Table  No  73  ((mOUnudy. 


Sect. 
Arsa. 

Roi.l.HD 

Wkoucht  Iron. 
Sp.  Wei^tsx. 

Cast  Iron. 
Sp.W«£htB.937$. 

Stmo. 

Brass. 
Sp.  WcightB  LOSS. 

GVN  MtTAU 

S^Wdghls  1.099 

I  Foot. 

I  Yard. 

I  Foot 

I  Yard. 

I  Foot. 

I  Yard. 

I  Foot 

tVaitl. 

I  Foot 

I  Yard. 

sq.  in. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lljs. 

lbs. 

51 

5-2 

5-3 
5-4 
5-5 
5-6 

5-7 

5.8 

5-9 
6.0 

17.0 

173 

17-7 
18.0 

18.3 
18.7 
19.0 

19.3 
19.7 

20.0 

51.0 
52.0 

530 
540 

56.0 

570 
58.0 

590 

00.0 

i5-9 
16.3 

16.6 
1  i<^.9 
17.2 

!  17.5 
17.8 
18. 1 
18.4 

«s  s 

lObO 

47.8 
48.8 

49-7 
5a  6 

51.6 

52.5 

53-  4 

54-  4 

55-  3 
50.3 

17.3 
17.7 
18.0 
18.4 
18.7 

19.0 

19.4 
19.7 

20.1 
2a4 

52.0 
53.0 

54.1 

55- 1 
56.1 

57  I 
58.1 
59.2 
60.2 

01.2 

17.9 

18.2 
!  18.6 
i  18.9 

!  19.3 
1  19.6 
20.0 
20.3 

2a7 
21.0 

53.7 
54.7 
55.8 
56.8 

57.9 

58.9 

6ao 
61.0 
62.1 

03.1 

IS.6 
18.9 

193 
19.7 

2ao 
20.4 
20.8 
21. 1 

21.5 

57-9 

58.9 
60.0 

61. 1 
62.2 

63.3 
64.4 

05.5 

6.1 

6.2 
6.3 

6.4 

6.5 
6.6 

6.7 
6.8 
6.9 
7.0 

20,3 
20.7 
21.0 
21.3 
21.7 
22.0 
22.3 
22.7 
23.0 

233 

61.0 

62.0 
63.0 
64.0 
65.0 
66.0 
67.0 

68. 0 
69.0 
70.0 

19. 1 
19.4 
19.7 

20.0 

20.3 

20.6 
20.9 

!  21.3 

21.6 

21.9 

57.2 
58.1 

59.1 
6ao 

60.9 
61.9 
62.8 
63.8 
64.7 

6>6 

20.7 
21. 1 
21.4 
21.8 
22.1 
22.4 
22.8 

23-1 

235 

1  23.8 

62.2 
63.2 

64.3 

653 
66.3 

67.3 
68.3 

69.4 

70.4 

71-4 

21.4 
21.7 
22.1 

22.4 

22.8 

23.1 

23-5 

23.9 
24.2 

\  24.6 

64.2 
65.2 
66.3 

67- 3 

68.4  ' 

69.4  , 

71.5  1 
72.6 

73-6 

22.2 
1  22.6 
22.9 

23-3 
!  23.7 
24.0 
24.4 
24.8 
25.1 

25- 5 

66.6 

ILI 

69.9 
70.9 
72.0 

73.* 

74-  2 

75-  3 
76.4 

71 

7.2 

7.3 
7.4 

7-5 

7.6 

7-7 
7.8 
7-9 

8.0 

23-  7 
24.0 

24-  3 
24.7 

25.0 

25-  3 

257 
26.0 

26.3 

20. 7 

71.0 
72.0 

730 
74.0 

750 

76.0 
77.0 
78.0 
79.0 
oO.O 

22.2 

22.5 
22.8 
23.1 

234 

23.8 
I  24.1 
24.4 
24.7 
25.0 

66.6 

67.5 
68.4 

69.4 

703 
71-3 
73.2 

73.1 
74.1 

75-0 

24.1 
24.5 

24.8 
25.2 

25.5 
259 
26.2 
26.5 
26.9 
27.2 

72.4 

73-4 

74.5 
75-5 
76.5 

77-5 

78.S 
79.6 
80.6 

Ol.O 

24.9 
25.3 
1  25.6 
26.0 
26.3 
26.7 
27.0 
27.4 

2II 

2o.  I 

74-  7 

75-  7  1 
76.8 

78.9 

80.0  ' 

81.0 

82.1 

83.1 
04- 2 

25.8 
26,2 
26.6 
26.9 

273 

27.7 

28.0 
28.4 
28.8 
29. 1 

79-7 
S0.8 
81.9 
83.0 
S4.1 
85.2 
86.3 

57.4 

8.1 
8.2 

8.4 

8.6 
8.7 
8.8 
8.9 
9.0 

27.0 

27- 3 
27.7 

28.0 

28.3 

28.7 
29.0 

29- 3 
29.7 

300 

81.0 
82.0 
83.0 

84.0 
S5.O  , 
86.0  ! 
S7.0  1 
S8.0 
89.0 
90.0 

2S-3 
25.6 

25.9 

26.  \ 

1  26.6 
26.9 

1  27.2 
27.5 
27.8 
28.1 

75-9 

76.9 

77.8 
78.8 

79-7 
8a6 

8r.6 

82.5 
83.4 
84.4 

27.5 
27.9 
28.2 

28.6 
28.9 
29.2 
29.6 

299 
303 
30.6 

82.6 
83.6 

84.7 

S5.7 
86.7 

87.7 
88.7 
89.8 
90.8 
91.8 

28.4 
28.8 
29.1 

29.5 
i  29.8 
30.2 

30.5 
309 
312 

.  31.6 

85.2 
86.3 

87-3  I 
88.4  i 
89.4  1 
90.5 

91-5 

92.6 

93.6 
94-7 

29.5 

29.9 
30.2 

30.6 
309 
313 
31-7 
32.0 

32.4 

32.8 

88.5 

89.  S 

90.6 
91.7 
92.8 

93-9 

95.0 
96.1 

97.2 
98.3 

9.» 
9.2 

9-3 
9.4 
9.5 
9.6 

9.7 
9.8 

9-9 
10.0 

303 
30.7 
31.0 

31.3 
317 
32.0 

32.3 
32- 7 
330 
33*3 

91.0 
92.0 

930 
94.0 
95.0 
96.0 
97.0 
98.0 
99.0 
100.0 

28.4 
28.8 
29. 1 
29.4 
29.7 
30.0 

30.3 
30.6 
30.9 
31.3 

85.3 
82.3 
87.2 
88.1 
89.1 
90.0 
90.9 

91.9 
92.8 

93.* 

30.9 

313 
31.6 

32.0 

32.3 

32.6 

330 

33-3 
33.7 
34.0 

92.8 

93.8 

94.9 

95-9 
96.9 

97-9 
98.9 

lOO.O 

loi.o 
102.0 

1  31-9 
32.3 
32.6 

330 
33-3 

33-7 
34.0 

34.4 
1  34-7 
,  35. 1 

95-7 
96.8 
07.8 
98.9 
99-9 

lOI.O 

102.0 
103. 1 
IQ4.2 
105.2 

33- » 
33-5 

33-  9 
1  34.2 

34.6 

34-  9 

35-  3 
35-7 
36.0 

36.4 

99-4 
100.5 
101.6 
102.7 

103.7 

104. S 

105.9 
107.0 
108. 1 
109.2 

See  note  at  foot  of  page  22a 
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Rules  ior  the  Weight  op  Iron  and  Steel. 

The  following  rules  for  finding  the  weight  of  wrought  iron,  cast  iron, 
and  steel,  are  based  on  the  data  contained  in  Tables  No.  70  and  71. 

Rule  i. — To  find  the  Weight  of  Iron  or  Steel,  w/iai  t/u  volume 
m  cubic  fed  is  given.   Multiply  the  volume  by 

4.29  for  wrought  iron, 
4.02  for  cast  iron, 
4.37  for  steeL 

Hie  product  is  the  weight  in  hundredweights. 

Rule  2. — the  voitme  in  cubic  inches  is  given,  multiply  the  volume 
by 

.278  (or  .28)  for  wrought  iron, 
.26  for  cast  iron, 
.283  for  steel. 

The  product  is  the  weight  in  pounds. 

Rule  3. — Whm  the  quantity  is  redueed  to  square  fed,  one  uuh  m  thidbiess^ 
multiply  the  area  by 

40  for  wrought  iron, 

37^  for  cast  iron, 

40.8  (or  41)  for  steeL 
The  product  is  the  weight  in  pounds. 
Or,  multiply  the  area  by 

•357  for  wrought  iioii, 
•335  for  cast  iron, 
.364  for  steel. 

The  product  is  the  weight  in  hundredweights. 

RuLS  4. — When  the  sectimal  e^m  m  square  indies,  and  length  in  feet, 
ef  a  bar  or  prism  are  gnen,  multiply  tiie  sectional  area  by  the  leqgth, 
and  by 

3  V3  for  wrought  iron, 
3^  for  cast  iron, 
3.4  for  steel. 

The  product  is  the  weight  in  pounds. 

For  large  masses,  multiply  the  sectional  area  by  the  length,  and  divide 
the  product  by 

67a  for  wxoi^ht  iron, 
717  for  cast  noo, 
659  for  sted. 

The  quotient  is  die  weight  in  tons. 

Rule  5. —  When  the  sectional  area  in  square  inches,  and  t/ie  length  in  yards^ 
ef  a  bar  or  prism,  are  given,  multiply  the  sectional  area  by  the  length,  and  by 

10  for  wrought  iron, 
9.375  for  cast  iron, 
10.2  for  SteeL 

The  product  is  the  weight  in  pounds. 
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Rule  6. — To  find  the  sectional  area  of  a  bar  or  prism  of  iron 
OR  STEEL,  ivhtH  Hw  /cni^f/i  and  the  total  weight  are  given.  Divide  the  weight 
in  pounds  by  the  length  in  feet,  and  by 

3     for  wrought  iron, 
^yi  for  cast  iron, 
3.4  for  steel. 

The  quotient  is  the  sectional  area  in  square  inches. 

Rule  7. — 'J'o  find  thk  lengih  of  a  bar,  prism,  or  oihkr  piece 
OF  uniform  section  of  iron  or  steel,  wJtm  the  ioiai  weight  and  the 
secHwal  area  are  given.  Divide  the  weight  in  pounds  by  the  sectional  area 
in  square  inches,  and  by 

3  '/^  for  wrought  iron, 
3^  for  cait  iron, 
3.4  for  steeL 

The  (]uotient  is  the  length  in  feet. 

in  api)lying  the  last  rule  to  calculate  the  length  of  wire  of  a  given  size, 
for  a  given  weight,  say  i  cwt.  of  wire,  the  sectional  area  of  the  we  is 
found,  in  the  usual  way,  by  multiplying  the  square  of  the  tfaidcness  or 
diameter,  d,  by  .7854.  Then,  by  the  nile,  the  length  in  feet  of  i  cwt  of 
iron  wire  is  equal  to 

112  42.78 
^"7854  >c  3  'A  " 

In  the  same  way,  the  dividends  of  the  fractions  to  express  the  length  of 
I  cwt.  of  other  metals  may  be  found,  and  the  following  is  a  special  rule 
for  wire : — 

Rule  8. — ^To  find  the  length  of  one  hwdredweicht  of  wire 
of  a  givsn  thickness.  Divide  the  following  numbers  by  the  square  of 
the  diameter  or  thickness,  in  parts  of  an  inch: — 

42.78  for  wrought  iron, 
42  for  steel, 

37.43  for  copper, 
38.54  for  brass, 
31.34  for  silver, 
17. 1 2  for  gold, 
15.28  for  platinum. 

The  quotient  is  the  length  in  feet 

Note. — This  rule  may  be  used  for  finding  the  weight  of  round  bar  iron. 
2.  It  is  known  that  the  density  of  wire  is  not  perfectly  constant,  but 

that  there  is  some  degree  of  variation,  according  to  the  size.  It  is  general!) 
understood  that  the  density  is  reduced  as  the  wire  is  drawn  smaller,  hut 
it  appears  from  the  table  of  the  weight  of  Warrington  wire,  that  the  density 
is  greater  for  the  smallest  sizes.  The  same  inference  is  to  be  tlrawn  from 
tabular  statements  of  the  length  of  one  kflogramme  of  wire  according  to 
the  French  gauge  (Table  No.  31,  page  148).  One  of  these  statements  is 
given  on  the  next  page,  from  which  it  is  apparent  that  the  length  of  iron 
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required  to  weigh  a  kilogramme  decreases  more  rapidly  than  the  sectional 
area  increases.   For  example,  the  diameter  being 

6,      12,     24,     30  tenths  of  a  millimetre, 
the  squares  of  which,  or  the  relative  volumes  of  a  given  length,  are  as 

I.       4,      16,  25; 
the  lengths  of  a  kilogramme  are 
405,    115,     30,     20  metres, 

which  are  inversely  as 

Showing  that  a  shorter  length  is  required  in  proportion  to  the  volume,  as 
the  diameter  of  the  wire  is  reduced,  and  that  the  density  of  the  smaller 
wire  must  therefore  be  the  greater. 


Table  No.  73a. — ^Weight  of  Galvanized  Iron  Wire  (French). 


No.  ofGange. 

1 

Dumcter. 

Length  of 

i  t  Kilo^raiBne. 

No.  of  Gauge. 

1 

'  Diaiiicicr. 

Length  of 
I  Kilogramme. 

I 

0.6 

405 

viSifliBlVQiL 

2.0 

40 

8 

0.7 

370 

14 

2.2 

35 

3 

0.8 

260 

15 

2.4 

30 

4 

0.9 

215 

16 

2.7 

25 

5 

I.C 

17 

3.0 

20 

6 

I.I 

140 

18 

3-4 

15 

7 

1.2 

"5 

19 

3-9 

10 

8 

103 

20 

4.4 

9 

9 

1,4 

82 

21 

4*9 

6 

10 

1-5 

70 

22 

5-4 

5 

II 

1.6 

65 

59 

4 

la 

1.8 

50 

3.  The  densities  of  metals  assumed  in  the  foregoing  rules  are  those  which 
are  tabulated  in  iable  No.  65. 

4.  In  estimating  the  weight  of  cast  iron  from  plans,  the  weight  is  fre- 
quently calculated  at  the  same  rate  as  for  wrought  iron,  which  is  heavier 
than  cast  iron,  with  the  object  of  providing  an  allouancc,  by  way  of  com- 
pensation, for  occasional  swellings  or  enlargements  of  castings  in  excess  of 
the  exact  dimensions  of  patterns. 

The  following  tables  of  the  weif^t  of  metals  in  various  forms  have  been 
calculated  by  means  of  the  preceding  rules.  The  sectional  areas  of  bars 
and  other  j  icres  of  uniform  section  are,  in  some  tables,  added  for  each 
scantling.  I  he  length  of  bar,  and  the  area  of  plates  and  sheets,  required 
to  weigh  I  cwt.  nr  i  ton,  are  given. 

15 
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UST  OF  TABLES  OF  THE  WEIGHT  OF  WROUGHT  IRON, 

In  Bars,  Plates,  Sheets,  Hoop-iron,  Wire,  and  Tubes. 

Table  No.  74  — Weight  of  Flat  Bar  Iron;  width,  i  to  11  inches;  thick- 
ness, '/,5  to  t  inch;  length,  i  to  9  feet 

Table  No.  75. — ^Weight  of  Square  Iron;  }ito6  inches  square;  length, 
I  to  9  feet 

Table  No.  76. — ^Weight  of  Round  Iron,  yi  to  24  inches  in  diameter; 
length,  I  to  9  feet. 

Table  No.  77. — Weight  of  Angle-Iron  and  Tee-Iron;  sum  of  the  width 
and  depth,       to  20  inches;  thickness,      to  i  inch;  length,  i  foot. 

In  the  composition  of  this  table,  it  has  been  assumed  &at  the  base  and 
the  web  or  flange  are  of  equal  thidcnesses;  and  diat  die  reduction  of  area 
'  of  section  by  rounding  off  the  edges,  is  compensated  by  the  filling  in  at 
the  root  of  the  flange. 

Table  No.  78. — ^Weight  of  Wrought-iron  Plates;  area,  i  to  9  sc^uare 
feet;  thickness,     to  15  inches. 

Table  No.  79. — ^Weight  of  Sheet  Iron,  according  to  wire-gauge  used  by 
South  Staffordshire  sheet-rollers;  area,  i  to  9  square  feet;  thickness.  No.  i 
to  No.  32  wire-gauge. 

Table  No.  80. — Weight  of  Black  and  Galvanized  Iron  Sheets  (Morton's 
Table). 

Table  No.  81. — Weight  of  Hooj)  Iron ;  width,     to  3  inches;  thickness, 

No.  4  to  No.  21  wire-gauge;  length,  i  foot. 

Table  No.  82. — Weight  and  Strength  of  Warrington  Iron  Wire. 

Table  No.  83. — Weight  of  Wrought-iron  Tubes,  by  internal  diameter,- 
diameter,  ^  to  36  inches;  thickness,  ^  inch  to  No.  18  wire-gauge;  length, 

I  foot. 

Table  No.  84. — ^Weight  of  W^rought-iron  Tubes,  by  external  diameter; 
diameter,  i  to  10  inches;  thickness.  No.  15  wire-gauge  to  Vx6  inch;  length, 
I  foot 


Multipliers,  derived  from  table  No.  70,  are  subjoined,  by  which  the 
tabulated  weights  of  wrought  iron  may  be  multiplied,  in  order  to  find  from 
these  tables  the  weight  of  bars,  plates,  or  sheets  of  other  metal. — 


Hammered  Iron 

Cast  Iron  

Steel  


MultipHen. 
,  I.OI 


-94 


Sheet  Copper  

Hammered  Copper 


Lead  

Cast  Hrass  . 
Brass  Wire 
Gun  Metal 


i.oa 

1. 14 

1.16 
1.48 

>o5 


I. II 
1.09 
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FLAT  BAR  IRON.  22/ 
Table  No.  74*— WBIGHT  OP  FLAT  BAR  IRON. 


I  INCH  Wide. 


1 

1 

LsNGTH  IN  Fsrr. 

Length 

Tmcx- 

'  Sect. 

A  t>  ir  A 

to  weigh 

z 

2 

3 

c 
9 

W 

7 

8 

9 

1  cwt. 

iq.  in 

lbs. 

Ibt. 

lb*. 

lbs. 

Ibt. 

lbs. 

Hm. 

lbs. 

lbs. 

feet. 

V 

.250 

•833 

1.67 

2. 50 

3-33 

4-17 

S.OO 

583 

6.67 

7- 50 

134.4 

5/i6 

•3»3 

1.04 

2.08 

3- 12 

4. 16 

5.20 

6.24 

7.28 

8.32 

9.36 

I»7-5 

H 

•375 

1.25 

2.50 

3.75 

5.00 

6.25 

:  7.50 

8.75 

10. 0 

»».3 

89.6 

7/i6 

.438 

1.46 

2.92 

4.38 

c  JIa 
5.04 

7.29 

0. 70 

10.2 

II. 7 

13- 1 

76.8 

.500 

1.67 

3-33 

5-00 

6.67 

«-33 

lao 

II.7 

*3'3 

15.0 

67.2 

9/,6 

.563 

1.88 

3-75 

5.62 

7-50 

9-37 

"3 

»3" 

15.0 

16.9 

59-7 

H 

.625 

2.08 

4.16 

6.25 

8.33 

10.4 

1  12.5 

14.6 

16.6 

18.8 

53.8 

«'/i6 

.688 

2.29 

4.58 

6.87 

9.17 

11.4 

13.8 

16.0 

18.3 

20.6 

48.9 

.750 

2.50 

5.00 

7.50 

10.0 

12.5 

ISO 

17-5 

20.0 

22.5 

44.8 

.813 

2.71 

5.42 

8.12 

10.8 

i 

13  s 

.6.3 

19.0 

21.7 

24.4 

41.4 

.875 

2.92 

5.84 

8.76 

II.7 

14.6  1 

1  17.5 

20.4 

23.4 

26.3 

38.4 

.Q3S 

6.25 

9.38 

12.5 

15.6 

j  18.8 

21.9 

25.0 

28.1 

35-8 

'  1 

1. 00 

3-  J  J 

6.67 

,0.0 

13.3 

•6.7 1 

20.0 

23.3 

a6.7  1 

30.0 

33.6  1 

I>i  INCHES  WiDB. 


sq.  in. 

lbs. 

lbs. 

lbs. 

Ibt. 

Hm. 

1  Uw. 

Ibi. 

Ibi^ 

lb*. 

% 

.281 

.938 

1.88 

2.81 

4.69 

i  5  63 

6.56 

7- 50 

8.44 

H9.5 

5/16 

•352 

1. 17 

2.34 

352 

4.68 

5.86 

703 

8.20 

9.37 

10.6 

95-6 

.422 

I.41 

2.81 

4.22 

5.62 

7-03 

8.44 

9.84 

"•3 

12.7 

79.6 

.492 

1.64 

3.28 

4.92 

6.56 

8.20 

9.84 

"5 

13.1 

14.$ 

68.3 

.563 

1.88 

3.75 

5.62 

7- 50 

9.38 

11.3 

13.1 

150 

16.9 

59-7 

.633 

2.  II 

4  22 

6.33 

8.44 

10.6 

12.7 

14.8 

16.9 

19.0 

53- 1 

•703 

2.34 

4.69 

703 

938 

II. 7 

^  131 

16.4 

18.8 

21. 1 

47.8 

2.58 

5.16 

10.3 

12.9 

18.0 

20.6 

23.2 

43-4 

\T 

2.81 

S.63 

11.3 

14.0 

16.9 

19.7 

22.5 

25.3 

39.8 

»3/i6 

.914 

6.09 

9.14 

12.2 

1^3 

21.3 

24.4 

27-4 

36.8 

.984 

3  28 

6.56 

9.84 

13.1 

16.4 

19.7 

23.0 

26.3 

29- 5 

34- 1 

1.06 

3  52 

7.03 

10.6 

14. 1 

17.6 

21. 1 

24.6 

28.1 

31.6 

31.9 

• 

i-«3 

3.75 

7.50 

11.3 

15.0 

18.8 

22.5 

26.3 

30.0 

33.8 

29.9 

iX  INCHES  Wide. 


inches. 

sq  in. 

lbs 

lbs. 

lbs. 

lbs. 

1  lbs. 

lbs. 

lbs. 

feet. 

% 

•3«3 

1.04 

2.08 

3.12 

4.17 

5-21 

6.25 

7.29 

8.33 

9-37 

107.5 

5/16  1 

.391 

1.30 

2.60 

3-91 

5.21 

6.qi 

7-82 

9. 1 1 

10.4 

11.7 

94.0 

.469 

3- 13 

4.69 

6.25 

7.81 

9.38 

I  o_  I ) 

12.5 

71.7 

7/, 6 

.547 

1.82 

365 

5-47 

7.29 

9.12  ' 

10.9 

12.8 

14.6 

16.4 

61.2 

1  ^ 

.625 

2.08 

4-17 

6.25 

8.33 

10.4 

12.5 

14.6 

16.7 

18.8 

53-8 

9/16 

•703 

2.34 

4.69 

703 

938 

II. 7 

14.1 

16.4 

18.8 

14. 1 

47.8 

\  ^ 

.781 

2.60 

5.21 

7.81 

10.4 

13.0 

15.6 

18.2 

20.8 

23-4 

43- 0 

\T 

.850 

2.86 

5-73 

8.59 

II. 5 

M.3 

1  17.2 

20.1 

22.9 

2J.8 

39.1 

.938 

3- 13 

6.25 

9.38 

12.5 

15.6  1 

18.8 

21.9 

25.0 

28.1 

35-8 

\  T 

1.02 

3-39 

6.77 

10.2 

M-5 

16.9  1 

20.3 

23- 7 

27.1 

30.5 

33  I 

I. II 

3.65 

7.29 

10.9 

14.6 

18.2 

.  21.9 

255 

29  2 

32^ 

30-7 

:  >sM  f 

I.17 

3-9" 

7.81 

11.7 

15.6 

23.4 

37.3 

31-2 

35- 1 

28.7 

:  «  1 

r 
1 

I.2S 

4.17 

«.33 

12.5 

16.7 

2a8 

1  2S.O 

29.2 

33-3 

37.5 

26.9 
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WEIGHT  OF  METALS. 


Weight  of  Flat  Bar  Iron. 


iNCHBs  Wide. 


Thick- 

Sect. 

Length  in  Fbbt. 

ness. 

Arka 

X 

9 

3 

4 

5 

6 

7 

8 

9 

to  wci|{h 
X  cwt. 

inches. 

sq.  in. 

lbs. 

11m. 

Ibft 

lb*. 

lbs. 

Iba. 

II& 

IhiL 

5/i6 

H 

7/16 

y6 

1  -344 
•430 
.516 
.602 
.688 

1 

I.15 

1-43 
1.72 

2.01 

2.29 

2.39 
2.86 

3.44 
4.01 

4.58 

3-  44 

4-  30 

•J 

6.02 
6.87 

4.58 

5-73 
6.87 

8.02 

9.17 

5-73 
7.16  1 

8.59  , 

1 0.0 
II.5 

6.87 

8.59 
.  10.? 
12.0 
13.8 

8.08 

lO.O 

12.0 
14.0 
16.0 

9.17 

"•5 

16.0 
18.3 

10.3 

12.9 

18.0 

97-7 
78.2 
6s. 6 

55-9 
48.9 

9/16 

^, 

1  .773 

.S59 

i  -945 
I  i  «3 

2.58 

2.86 

3- '5 
3-44 

5.16 

5-73 

7.73 

8.59 

9-45 
10.3 

ia3 

II. 5 
12.6 
13-8 

12.9 

14-3 
15.8 

17.2 

i5-5 

17.2 

18.9 
1  2a6 

18.0 

20,1 

22.1 
24.1 

2a6 

22.9 
25.2 

27- 5 

23.2 

2S.8 

28.4 
309 

43.4 

39.  i 

35-5 
32.6 

1 

»5/i6 
I 

1. 12 
1.20 
1.29 
1.38 

3-  72 
4.01 

4-  30 
4.58 

7-45 
8.02 

8.59 

,9.17 

II. 2 
12.0 

12.9 
13.8 

14-9 
16.0 
17.2 

18.3 

18.6 
2ao  1 
21.5 

1  "-^  1 

1  22.3 
24.1 

'  25.8 

:  *7-5 

26.1 
28.1 

30. 1 
32.1 

29.8 
33.1 

34-4 
36.7 

33-5 
36.1 

38.7 

4».3 

30.1 

27.9 
26.1 

24.4 

INCHBS  Wide. 


indies. 

1  sq.  in. 

lbs. 

lU. 

Ibc 

lbs. 

lbs. 

Ibi. 

Ibt. 

Ibi. 

H 
5/16 

H 

7/t6 
>^ 

'  .275 
t  .469 

i  -563 
.656 

.750 

1.25 
1.56 
1.88 
2.19 
2.50 

2.50 

3- 13 

3-  75 

4-  38 
5.00 

3-75 
4.69 

5-63 
6156 

7-50 

5.00 
6.25 

7-50 

8.75 
10.0 

6.25 
7.82 

9.38  1 
10.9  1 

"5  , 

1  9.38 
"•3 
13.1 
15.0 

8.75 
10.9 

13- 1 
15.3 
"75 

10. 0 
12.S 
15.0 

"7.5 
20.0 

11.3 
14.1 

16.9 
19.7 

83.5 

89.6 

78.3 
59-7 

5»-2 

44.8 

9/16 

H 
H 

,  .844 

1  938 
1.03 

i->3 

2.81 

3- 13 
3-44 
3-75 

563 
6.25 
6.88 

7-50 

8.44 

9.38 
10.3 

"3 

"•3 
12.5 

138 
15.0 

14. 1 
15-6 
17.2  1 

18.8  , 

1 

16.9 
18.8 
20.6 
22.5 

19.7 
21.9 
24.1 

2&3 

22.5 
25.0 

27- 5 
yxo 

25.3 
28.1 

30.9 
33.S 

39.8 
35.8 
32.6 
29.9 

»3/i6 

n 

»5/i6 
I 

'  1.22 

1.31 
1.41 
1.50 

4.06 

4^38 
4.69 
5.00 

8.13 

8-75 
938 

lO.O 

12.2 

13  I 
14. 1 
15.0 

16.3 

17-5 
18.8 

2ao 

20.3 
21.9 

234  1 
25.0  1 

24.4 
26.3 
28.1 
30.0 

28.4 

30.6 
32.8 

35-0 

32.5 
350 

37-5 
4ao 

36.6 

39-4 
42.2 
45.0 

27.6 
25.6 

239 
22.4 

ifi  uccHBS  Wide. 

inches. 

1  . 

sq.  in. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

ll^s. 

lbs. 

lbs. 

feet 

X 
S/I6 

7/16 

.406 

.711 

.813 

»-35 
1.69 

2.03 

2.37 
2.71 

2.71 

3-  39 
4.06 

4-  74 

5-  42 

4.06 

5-07 
6.09 

7.II 
8.12 

5-41 

6.77 

8.12 

9.48 
10.8 

6.8  1 

8-5  1 
10.2 

11.8 ! 
135 

8.10 

10.2 

12.2 

14-2 
16.2 

9.48 

II. 8 
14.2 

16.6 
19.0 

10. 8 

«3S 
16.2 

19.0 

21.6 

12.2 
1^.2 

18.3 

21-3 
24.4 

82.7 

66.2 

55.1 

47-3 

413 

'>/i6 

H 
H 

,  -914 

1.02 
1. 12 
1  1.22 

305 

3-39 
3-72 
4.06 

6.09 
6.77 

7.45 
8.13 

9.14 

10.2 

II. 2 
12.2 

12.2 

135 
14.9 

16.3 

15-2 

16.9  , 
18.6  ! 
20.3  j 

'  18.3 

20.3 

22.3 
24.4 

21.3 

23- 7 
26.1 

28.4 

24.4 
27.1 

29.8 

33-5 

27.4 

30-5 

33-5 
30.0 

36.8 

33- 1 
30.1 

27.6 

n 

»5/i6 
I 

1.43 

;  1.53 
1.63 

4.40 

4-74 
5.08 
5.42 

8.80 
9.48 
10.2 
10.8 

132 
14.2 
15.2 
16.5 

17.6 
19.0 
20.3 
21.7 

22.0  ' 

23- 7 
25.4 
27.1 

26.4 
28.4 

133.5 

30.8 
33-2 
35-5 
37-9 

35-2 

37.9 
40.6 

43-3 

39-6 
42.7 

tl 

254 
23.0 
22.1 
21.2 
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Weight  of  Flat  Bar  Iron. 


1^  iNcms  WmB. 


1 

Thicx- 

Sect. 

LaMwni  IN  Fbbt. 

Length 

HESS. 

Akea. 

I 

a 

3 

4 

5 

• 

7 

8 

9 

towetgb 
I  cwt. 

•q.  in. 

lbs. 

A*. 

tfaa. 

lb*. 

lbs. 

IbB. 

«Mt 

5/16 
1  H 

■V 

.638 

•547 
.656 

1.46 

1.82 
2. 19 

2.55 
2.92 

2.92 
3.6s 

A  18 
5.10 
S.83 

4.37 

5-47 
6.56 
7.66 

8.75 

5-83 

7.29 
8  7; 

10.2 
11.7 

7.29 
9. 1 1 
10.9 
12.8 
14.6 

8.74 

10.9 
11  I 

«5-3 
17.5 

10.2 

12.8 

17.9 
20.4 

11.7 

14.6 

20.4 

23-3 

'3-1 

16.4 

10. 7 

23.0 
26.2 

76.8 

61.4 

38.4 

i  9/t€ 

•984 

1.09 

1.20 
1.31 

3.28 

365 
4.01 

4.38 

6.56 

7.29 
8.02 
8.75 

9.84 

10.9 

12.0 
13- 1 

13- > 

14.6 

16.0 
175 

16.4 

19.2 
20.0 
21.9 

19.7 

21.9 
24. 1 
26.3 

23.0 

25-5 
28.1 

30.6 

26.2 
29.2 
32.1 
350 

29.5 

32.8 
36.  I 

39-4 

34.1 

30- 7 
27.9 

25.6 

'"',6 
'  1 

1.42 

'  1-53 
1.64 

j  1.75 

4-  74 
5.10 

5-  47 

9.48 
10.2 

10,9 

II. 7 

14.2 

"53 

16.4 

'7-5 

19.0 
20.4 

21.9 

23.7 

25.  s 

273 

29.2 

28.4 
30.6 

32.8 

35-0 

33-2 
35-7 
38.3 
40.8 

37-9 
40.8 

43-7 
146.7 

43-2 

45-9 

49.2 

,5-5 

23-7 
21.9 
20.5 
19.2 

tfi  wans  ffiDE. 

M|i  in. 

lbs. 

Rm. 

Ibt. 

Ibc 

Rm. 

Ibi. 

lbs. 

lbs. 

s/16 
H 

.469 
.586 

.703 
.820 

.938 

1.56 

»-95 
2.34 

2-  73 

3-  13 

3.13 
391 
4.69 

5  47 
6.25 

4.69 

5.86 

703 
8.20 

'  6.25 
7.81 

9.37 
10.9 

12.S 

7.81 
9.66 
11.7 

137 
iS-6 

9.38 
II. 7 
14. 1 
16.4 
18.8 

10.9 

137 
16.4 

19. 1 
21.9 

12.5 

i5'6 
18.8 
21.9 
25.0 

14. 1 
17.6 
21. 1 
24.6 
28.1 

71.7 

57-3 
47.8 
41.0 
35.8 

9/t6 

1.06 

1  I.17 
1.29 

1  1.41 

352 
3  9« 
4- 30 
4.69 

703 
7.81 

8.59 

10.5 
II. 7 

12.9 

14.1 

14.1 
14.6 
17.2 
18.8 

17.6 

19.5 
21.5 
23.4 

21. 1 

23- 4 

r. 

24.6 

27-3 
30.1 

33-8 

28.1 
3»  2 
34-4 
37.5 

31.6 

35-2 

3<^.7 
42.2 

3»-8 
2S.7 
26.1 
23.9 

I  52 

1.64 

1.76 
1.88 

5.08 

5-47 
5.86 

6*5  1 

10.2 

10.9 

II. 7 
12.5 

15.2 

16.4  ' 

17.6 

18.8 

2T.9 

234 
25.0 

25.4 

27.3 
293 
31.3 

30.^ 

32.8 

35- 1 
37.5 

35-5 
38.3 
41.0 

43.8 

40.6 

43  9 
46.9 

50.0 

45-7 

49.4 

52.7 
56.2 

22.1 

20.5 
19. 1 
17.9 

9  nfCRB  WiDl. 


inches. 

'  sq.  m 

lbs. 

lbs. 

lbs. 

Jbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

feet. 

.500 

1.67 

3-33 

5.00 

6.67 

8.33 

lO.O 

II. 7 

13-3 

15.0 

67.2 

5/.6 

1  .625 

2.08 

4  >7 

6.25 

8.33 

10.4 

I2.S 

14.6 

16.7 

18.8 

53.8 

H 

.750 

2.50 

5.00 

7.50 

lO.O 

12.5 

150 

17.5 

2ao 

22.5 

44.8 

7/16 

•875 

2.02 

5.83 

8.75 

II. 7 

14.6 

17-5 

20.4 

23- 3 

26.3 

38.4 

1. 00 

3-33 

6.67 

lO.O 

«3-3 

16.7 

20.0 

23- 3 

26.7 

30.0 

33<i 

9/16 

"13 

3-75 

7.50 

"3 

150 

18.8 

22.5 

26.3 

30.0 

33-8 

29.9 

1.2^ 

4.17 

8.33 

12.5 

16.7 

20.8 

25.0 

29.2 

33-3 

37-5 

26.9 

1.38 

4.58 

9. 16 

13.8 

18.3 

22.9 

27.5 

32. 1 

36-7 

41.2 

24.4 

1.50 

500 

10. 0 

15.0 

20.0 

25.0 

30.0 

350 

40.0 

45-0 

22.4 

n/i6 

1.63 

5.42 

10.8 

'6.3 

21.7 

27.2 

32.5 

37-9 

43-3 

48.8 

20.7 

H  1 

5-83 

II. 7 

'7-5 

23-3 

29.2 

350 

40.8 

46.7 

52.5 

19.2 

<S/itf 

6.25 

12.5 

18.8 

25.0 

3»-3 

37.5 

43-8 

Sao 

56.3 

17.9 

I 

2.00 

6.67 

13-3 

20.0 

26.7 

33-3 

4ao 

46.7 

53.4 

60.0 

16.8 
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Wbight  of  Flat  Bar  IiUMr. 

2yi  INCHES  WlDK. 


Thick- 

S«CT. 

Lmoni  iM  FwT. 

Length 

Akea. 

I 

a 

3 

4 

5 

i  « 

7 

8 

9 

to  weigh 

I  CWU 

aq.  in. 

lbs. 

lbs. 

lbs. 

Ibc. 

lbs. 

lb«. 

Ibc 

Ifaa. 

Xtm. 

fML 

5/16 

H  1 

7/,6 
/» 

531 
.664 

•797 

1  .930 
1.06 

1.77 

2.21 
2.66 
3.10 

3.54 

3^54 

4-  43 

5-  3' 
6.20 

7.08 

5.31 

6.64 

797 
9- 30 
10.6 

7.08 
%.t^ 
10.0 
12.4 
14.2 

8.85 
II. 7 

133 

15.5 
17.7 

10.6 

»3-3 

18.6 
21.3 

12.4 

15-5 
18.6 

21.7 
24.8 

14.2 

17.7 
21.2 
24.8 
28.3 

159 

19.9 

239 
27.9 

63.2 
50.6 
42.2 
36.1 

9/16 

1.20 

»-33 
1.46 

1.59 

3.98 

4-  43 
4.87 

5-  3i 

7-97 
8.85 

974 
10.6 

12.0 

«3-3 
14.6 

15.9 

159 

17.7 

»9.5 

21.2 

20.0 
22. 1 

24^  4 
26.6  I 

23- 9 
26.6 

:  29.2 

31.9 

27.9 
3^o 

34.1 
37.» 

31-9 
35-4 
39.0 
42.5 

35-8 
39-8 
43.8 
47.8 

28.1 

25.3 

23.0 

2I.I 

13/16 

% 

«5/i6 
I 

1.74 

1.86 

1.98 

I  2.13 
1 

5.76 

6.20 

6.64 
7.08 

I1.5 

r2.4 

»3-3 
14.2 

173 

1S.6 

iy-9 

21-3 

23.0 

24.8 
26.6 
-^S.3 

28.8  ' 
31.0 
33-2 
35.4  1 

34-5 

'  37  2 
i  39.8 
1  42.5 

403 

43-4 
46.5 

49.6 

46.0 

49.6 

53- 1 
50-7 

51.8 

55-S 
50.8 

03.  S 

19.8 
18. 1 
16.9 
15.8 

INCHKS  Wide. 


inches. 

'  sq.  in. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

!  lbs. 

lbs. 

lbs. 

lbs. 

feci. 

H 

.563 

1.88 

3.75 

5-63 

7.50 

9.4 

"•3 

^•» 

15.0 

16.9 

59-7 

5/16 

'  ^703 

2.34 

4.69 

7-03 

9.38 

II. 7 

14. 1 

16.4 

18.8 

21. 1 

47.8 

.844 

2.81 

$•63 

8.44 

II.3 

14. 1 

16.9 

19.7 

22.  S 

25.3 

39.8 

7/.6 

.984 

3^28 

6.56 

9.84 

13- 1 

16.4 

19.7 

23.0 

26.3 

29.5 

34-1 

^•I3 

3-75 

7.50 

'I3 

15.0 

18.8 

22.5 

26.3 

30.0 

33-8 

29.9 

9I16 

1.27 

4.22 

8.44 

12.7 

16.9 

21.  I 

29  5 

33-8 

38.0 

26.5 

^, 

1. 41 

4.69 

9.38 

14. 1 

18.8 

23- 4  ' 

32.8 

37^  5 

42.2 

23- 9 

1-55 

5.16 

10.3 

20.6 

25.8 

30.9 

36.1 

413 

46.4 

21.7 

H 

1.69 

5^63 

"•3 

16.9 

22.5 

28.1 

33-8 

39.4 

450 

50.6 

19.9 

r 

1^83 

6.09 

12.2 

18.3 

24.4 

30.5 

36.6 

42.7 

48.8 

18.4 

>S/i6 

1.97 

6.56 

>3-i 

19.7 

26.3 

32.8  , 

394 

45-9 

52-5 

59.1 

17. 1 

1  2.11 

703 

14. 1 

21. 1 

28.1 

35-2  i 

42.2 

49.2 

56.3 

63.3 

15.9 

I 

,  2.25 

7.50 

150 

22.5 

3ao 

37*S  I 

45.0 

52.5 

6ao 

67.S 

14.9 

2^  INCHES  WiDB. 


inches. 

sq.  in. 

lbs. 

lbs. 

llM. 

lbs. 

lbs. 

'  lbs. 

1 

IbL 

lbs. 

lbs. 

feet. 

•594 

1.98 

396 

5.94 

7.92 

9.90 

1  II.9 

139 

15.8 

17.8 

56.6 

5/16 

.742 

2.47 

4-95 

7.42 

9.90 

12.4 

14.8 

19.8 

22.3 

45-3 

H 

.891 

2.97 

5-94 

S.9I 

II. 9 

14.S 

17.8 

20.8 

23.8 

26.7 

37-7 

7/16 

1.04 

346 

6.93 

10.4 

13-9 

20.8 

24.2 

27.7 

312 

32.3 

}^ 

1. 19 

3- 96 

7.92 

II.9 

158 

19.8 

23.8 

27.7 

3«-7 

35-6 

28. 3 

9/16 

I  34 

4-45 

8.91 

134 

17.8 

22.3 

26.7 

31  2 

35.6 

40. 1 

2^.2 

H 

1.4S 

4-95 

9.1^ 

14.8 

1 9. 8 

247 

29.7 

34-<> 

39-6 

44-5 

22.6 

I.  (,7 

5-44 

10.9 

16.3 

21.8 

27.2 

32- 7 

38. 1 

43-5 

49.0 

20.6 

1.7S 

5-94 

II. 9 

17.8 

23.8 

29.7 

35-6 

41.6 

47-5 

53-4 

18.9 

l.q^ 

^'^43 

12.9 

19.3 

25.7 

32.2 

38.6 

4Q.0 

5J-5 

57-9 

17.4 

r 

'5/16 

2.0S 

'J  93 

13-9 

20.8 

27.7 

34.6 

41.6 

48.5 

55.4 

62.^ 

16.2 

2.2] 

7.42 

14.8 

22.3 

29.7 

37- 1 

44.5 

51-9 

59.4 

66.8 

'5-1 

I 

2.38 

7.92 

,  .5.S 

.a 

3<.7 

39.6 

47.5 

55.4 

63.3 

7»-3 

14.2 
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FLAT  BAR  IRON. 


231 


Weight  of  Flat  Bar  Ikon. 
2}i  INCHES  Wide. 


Thick - 

ITKSS. 


5/t6 

H 

7/16 

9/t6 

H 

r 

>3/i6 

H 

«5/i6 
1 


2H  IMCHIS  WlDI. 


Sbct. 

Lbmotn  in  Fbbt.  I 

Length 

Akka. 

X 

a 

3 

4 

5 

6 

7 

8 

9 

to  weif^ 

1  cwt. 

Ibt. 

Urn. 

Ibt. 

lbs. 

Ibt. 

Iba. 

n». 

lbs. 

lbs. 

feet. 

.625 
.781 

.938 
1.09 

2.08 

2.60 

3»3 
365 
4-17 

4.17 

6.25 

7.29 
8.33 

6.25 
7.81 

9.38 
10.9 
12.5 

8.33 

10.4 

12.5 
14.6 

Id; 

ia4 

130 
1^.6 

18.2 

20.8 

125 

15.6 
18.8 
21.9 
2S.O 

14.6 
18.2 
21.9 

25.5 
29.2 

16.7 
20.8 
25.0 
29.2 

33<3 

18.8 

23.4 
28.1 

32.8 
37.5 

53.8 

43- 0 
35-8 

30- 7 
26  0 

1. 41 

1.56 

1.88 

4.69 

5.21 

573 
0.25 

938 

10.4 

11.5 

"5 

14. 1 
15.6 
17.2 
18.6 

18.8 
20.8 
22.9 
25.0 

23.4 

26.0 

28.6 
31.3 

28.1 

313 
i  34.4 
37.5 

32.8 

36.5 
40.1 

43.8 

37-5 
41.7 
45.8 
50.0 

42.2 

46.9 
51.6 
56.3 

239 
2>.5 
19.6 

18.0 

2.03 

2. 19 

2.34 
2.50 

6.77 

7-20 

7.81 

8.33 

«3-5 
14.6 

15.6 

1  >6.7 

20.3 
21.9 

23.4 
25.0 

27.1 

29.2 

31.3 
33-3 

33.8  ! 

36.5 
390 

41.7 

40.6 

43.7 
i  46.9 
1  50*0 

47-4 
51.0 

54-7 
58.3 

54-2 

58.3 
62.5 

66.7 

60.9 
65-7 
70  3 
1  750 

16.5 

15-4 
14-3 
134 

j  sq.  in. 

lbs. 

lbs. 

lbs. 

Ibc 

lbs. 

1 

lbs. 

lb*. 

lb>. 

Ibt. 

feet. 

V 

.656 

2.19 

4.38 

6.56 

8.75 

10.9 

13  ' 

'53 

17.5 

19.7 

51.2 

5/16 

.820 

2.73 

5-47 

8.20 

10.9 

137 

lb.4 

ly.i 

21.9 

24.6 

41.0 

H 

.984 

3.28 

6.56 

9.84 

13.' 

16.4 

19.7 

23.0 

26.2 

29.5 

34.2 

7/16 

1.15 

383 

7.66 

11.5 

153 

19. 1 

23.0 

26.8 

30.6 

34-4 

29-3 

>i 

'•3» 

4-38 

8.75 

13.1 

17-5 

21.9 

26.3 

30.6 

350 

39-4 

25.0 

9/16 

1.48 

4.92 

9.84 

14.8 

W'7 

24.6 

29.5 

34.5 

39.4 

44-3 

22.8 

H 

1.64 

5-47 

10.9 

16.4 

21.9 

27-3 

32.8 

38.3 

43-8 

49.2 

20.5 

1.81 

6.02 

12.0 

18. 1 

24.1 

30.2 

36.1 

42. 1 

48.1 

54' 

18.6 

H 

1.97 

6.S6 

13. 1 

19.7 

26.3 

32.8 

39-4 

45.9 

52.5 

59-1 

17.1 

«3/i6  ' 

1  2.13 

7. 1 1 

14.2 

21.3 

28.4 

35-5 

42.7 

49.8 

56.9 

64.0 

15.8 

^  ; 

1  2.30 

7.66 

153 

23.0 

30.6 

38.3 

45-9 

53.6 

61.3 

68.9 

14.7 

2.46 

8.20 

16.4 

24.6 

32.8 

41.0 

49-2 

57-4 

65.6 

13.7 

1 

2.63 

8.75 

i7.S 

26.3 

35.0 

43.8 

,  5a.5 

61.3  1 

7ao 

78.8 

12.8 

2)(  mcHBs  Wide. 


inches. 

sq.  in. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

feet. 

.688 

2.29 

4.58 

6.87 

9.17 

II.5 

<3.8 

16.1 

18.3 

20.6 

48.9  , 

5/16 

.859 

2.86 

5.73 

8.59 

II  5 

14.3 

17.2 

20.1 

22.9 

25.8 

39.1 

.  ^ 

103 

3  44 

6.88 

10.3 

13-8 

17.2 

20.6 

24.1 

27-5 

309 

32.8 

7/t6 

1.20 

4.01 

8.02 

12.0 

16.0 

20.1 

24.  I 

28.1 

32. 1 

36.1 

27.9 

1.38 

4.58 

9.17 

13.8 

18.3 

22.9 

27.5 

32.1 

36.7 

41-3 

24.4 

9/16 

»-55 

5.16 

10.3 

155 

20.6 

25.8 

,  30.9 

36.1 

41-3 

46.4 

21.7 

^, 

1.72 

5.73 

II.5 

17.2 

22.9 

38.6 

1  34.4 

40.1 

45.8 

51.6 

i<).5  ) 

l.8<) 

6.  ^0 

12.6 

18.9 

25.2 

31-5 

37-8 

44.1 

50.4 

56.7 

17.8 

h 

2.06 

6.88 

13-8 

20.6 

27- 5 

34-4 

41-3 

48.1 

550 

61.9 

»<^-3 

'3^6 

2.23 

7-45 

14.9 

22.3 

29.8 

37-2 

44-7 

52.1 

59.6 

67.0 

15.0 

h 

2.41 

8.02 

16.0 

24.1 

32.1 

40.1 

48. 1 

56.1 

64.2 

72.2 

14.0 

2.58 

8.59 

17.2 

25.8 

34.4 

430 

51.6 

60. 1 

68.8 

77-3 

J  30 

1 

2.75 

9.«7 

18.3 

27.5 

36.7 

45.8 

55.0 

1 

64.2 

73-3 

82.5 

12.2 

1 
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232  WEIGHT  OF  METiOS. 

Wbight  or  Flat  Bar  Inoir. 


2^  INCHKS  WlOB. 


XmcK- 

OBCT. 

Lbnotm  in  Fbbt. 

Length 
to  w^[h 
I  cwt. 

AUA. 

I 

a 

3 

1 

4 

5 

6 

7 

8 

9 

tq.  ia. 

llN. 

Ite. 

Ibt. 

Vbt. 

Vat. 

IlM. 

Ifaa. 

H 

5/i6 

H 
7/16 

)i 

•  7^0 
.SgS 
1.08 
1.26 
1.44 

2.40 

^.00 

3-  59 
4.19 

4-  79 

4-79 

6.00 

7.19 
8.30 
9.58 

7.19 
9.00 
10.8 
12.6 
14.4 

9.58  ' 
12.0  i 
14.4 

19.3 

12.0 
15.0 
18.0 
3I.O 
34.0 

14.4 
18.0 
21.6 

25.2 

38.8 

16.8 
21.0 
25.2 
29.4 
33>5 

19.2 
24.0 
28.8 

21.6 
27.0 

32.3 
37.7 
43- 1 

46.7 

37.4 
31.2 

36.7 

234 

9/16 
H 

1.62 
1.80 
1.98 
3.16 

5-39 
6.00 

6.59 
7.19 

10.8 
12.0 

13-2 
14.4 

16.2 
18.0 
19.8 

31.6 

21.6 
24.0 
26.4 
28.8 

37.0 

30.0 

330 
36.0 

32- 3 
36.0 

40.5 
43-1 

37-7 
42.0 

46.1 

Sas 

43.1 
48.0 

52.7 
57.5 

48.5 
54.0 

59.3 

6j^7 
70.1 

80.9 
86.3 

20.8 
18.7 

17.0 

15.6 

2.52 

7-79 
8.39 
8.98 

9.58 

15.6 
16.8 
18.0 
19.2 

23.4 

25.2 
27.0 

28.8 

31.1 

33-5 
35-9 
38.3 

39.0 
42.0 
4S.0 
48.0 

46.7 

503 
1  53.9 
57-5 

54.5 
58.7 
62.9 
67.1 

62.3 

67.1 
71.9 

1  ^^'^ 

14.4 

13.4 

12.4 

II. 7 

3 

1  INCHI 

IS  WtDS. 

inches. 

!  sq.  in. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs.  ' 

'  lb.. 

lbs. 

lbs. 

lbs. 

fe«t. 

X 
5/16 

H 

7/16 

% 

.750 
.938 
I  13 

I  3« 
1.50 

2.50 

3>3 

3-  75 

4-  3^ 
5.CX) 

5.00 
6.25 

7- 50 

8.75 
lo.o 

7.50 

9.38 
II.3 

131 
150 

lO.O 

15.0 

»7-5 
20.0 

16.7 
18.8 

21.9 
25.0 

i  15.0 
18.8 
1  22.5 
1  26.3 
1  300 

17.5 
21.9 

26.3 

30.6 

350 

20.0 
25.0 

30.0 

350 

40.0 

22.5 
28.1 

33.8 

39-4 
450 

44.8 

35-8 
29.9 
25.6 
22.4 

9/16 

1.69 
1.88 
2.06 
2.25 

5-63 
6.2s 

fVSS 

7.50 

...3 

12.5 

13.8 
15.0 

16.9 
18.8 
20.6 
33.5 

22.5 
25.0 

275 
30.0 

28. » 

31-3 
34.4 
37.5 

1  33-8 

37.5 

41-3 
45.0 

39-4 
43-8 
48.1 

52.5 

450 

50.0 

550 

60.0 

50.6 

56.3 
61.9 

67.5 

19.9 
17.9 

16.3 
14.9 

»3/i6 

H  ' 
t  1 

2.44 
2.63 
2.81 
3.00 

8.13 
8.7  s 

9-38 
lao 

16.3 

ao.o 

24.4 
26.3 
38.1 
30.0 

32.5 
350 
37. 5 
4ao 

40.7 
43.8 
46.9 
50.0 

48.8 
52.5 
56.3 
6ao 

56.9 
61.3 

65.6 

Tao 

65.0 
70.0 

00.0 

73- 1 
78.8 

84.4 
9ao 

13.8 
12.8 

I3.0 
II.S 

3>^  INCHES  Wide, 


inches. 

j  sq.  in. 

lbs. 

lbs. 

lbs. 

lbs. 

lb.. 

lbs. 

lb.. 

lbs. 

Ihs. 

feet. 

X 

.813 

2.71 

542 

8.13 

10.8 

136 

16.3 

19.0 

21.7 

24.4 

413 

S/t6 

1.02 

3-39 

6.77 

10.3 

135 

16.9 

».3 

2^7 

27.1 

30- 5 

33- 1 

H 

1.22 

4.06 

8.n 

12.2 

16.3 

20.3 

24.4 

28.4 

32.5 

36.6 

27- 5 

7/16 

1.42 

4.74 

9.48 

14.2 

19.0 

23- 7 

28.4 

33-2 

37-9 

23.6 

1.63 

5.42 

10.8 

16.3 

21.7 

27.1 

!  32.5 

37-9 

43-3 

20.7 

9/i6 

1.83 

6.09 

12.2 

18.3 

24.4 

30- 5 

36.6 

42.7 

48.7 

54.8 

18.4 

2.03 

6.77 

13.5 

20.3 

27.1 

339 

40.6 

47-4 

54.2 

60.9 

16.5 

1  2.23 

7-45 

14.9 

22.3 

2Q.S 

37-2  j 

44-7 

52.1 

59.6 

67.0 

r 

1  2.44 

8. 13 

16.3 

24.4 

32-5 

40.6  ' 

48.8 

56.9 

65.0 

73- 1 

'3-7 

1  2.64 

8.80 

17.6 

26.4 

35-2 

44.0 

1  52-8 

61.6 

70.4 

79.2 

12.7 

>5/i6 

2.84 

9.48 

19.0 

28.4 

37.9 

47.4 

56.9 

66.4 

85-3 

1 1.9  1 

'  3- 05 

10.2 

2a  3 

30.5 

40.6 

50.8 

60.9 

71. 1 

91.4 

u.o  ! 

I 

1  3.25 

ia8 

31.7 

3»S 

43-3 

54.2 

j  65,0 

75.8 

86.7 

97.5 
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FLAT  BAR  IRON. 


Weight  of  Flat  Bar  Iron. 


3>i  INCHES  Wide, 


1 

Thicx- 

KKSS. 

Sect. 
Area. 

Lbngth  I.N 

Feet. 

tu  weigh 
1  CWL 

I 

2 

3 

4 

5 

6 

7 

8 

9 

inches.  , 

9q.  in. 

lbs. 

lb&. 

ibs. 

IDS* 

lbs. 

lU. 

lbs. 

lbs. 

feet. 

.875 

2.92 

5-83 

8.75 

II. 7 

14.6 

17.5 

20. 4 

23.3 

26.3 

38.4 

5/r6 

1.09 

3-6$ 

7.29 

10.9 

14.6 

18.2 

21.9 

25- S 

29.2 

32.8 

30.7 

H 

4-38 

8.75 

13- 1 

»7-5 

21.9 

26.3 

30.6 

350 

39-4 

25.6 

7/16 

1-53 

5.10 

10.2 

153 

20.4 

25-5 

30,6 

35-7 

40.8 

45-9 

21.9 

«-75 

5.83 

II.7 

175 

22.3 

29.2 

350 

40.8 

46.7 

52.5 

19.2 

9/16 

1-97 

6.56 

I3-I 

>9-7 

26.3 

32.8 

39-4 

45-9 

52.5 

59- 1 

I7.I 

'  2.19 

7.29 

14.6 

21.9 

29.2 

36.5 

43-7 

51.0 

58.3 

65.6 

154 

2.41 

8.02 

16.0 

24. 1 

32.1 

40.1 

48.1 

56.1 

64.2 

72.2 

14.0 

2.63 

8.75 

17  s 

26.3 

35.0 

43.8 

52.5 

61.3 

70.0 

78.8 

12.8 

»3/i6 

2.84 

9.48 

19.0 

28.4 

37-9 

47-4 

56.9 

66.4 

75.8 

85.3 

II. 9 

' 

3.06 

10.2 

20.4 

30- 6 

40.8 

51.0 

61. 2 

71.5 

81.6 

91.9 

I  I.O 

>5/,6 

3.28 

10.9 

21.9 

32.8 

43-8 

54.7  ' 

65.6 

76.6 

87.5 

98.4 

10.2 

I  1 

3.50 

II. 7 

23-3 

350 

46.7 

58.3  1 

[  70- 0 

81.7 

93-3 

105.0 

9.60 

3^  INCHES  Wide. 


indies. 

sq.  in. 

lbs. 

lbs. 

ib«. 

lb«. 

lbs. 

1 

lbs. 

lbs. 

lbs. 

feet. 

% 

.93S 

3- 13 

6.25 

938 

12.5 

15.6 

18.8 

21.9 

25.0 

28.1 

35-8 

5/16 

1. 17 

391 

7.81 

II. 7 

15.6 

19.5 

1  23.4 

27-3 

3>-3 

35-2 

28.7 

I.4I 

4.69 

938 

14. 1 

1S.8 

23.4 

28.1 

32.8 

37-5 

42.2 

23- 9 

7/16 

1.64 

5-47 

10.9 

16.4 

21.9 

273 

32.8 

3S.3 

43-7 

49-2 

20.5 

1.88 

6.25 

12.5 

18.8 

25.0 

31-3 

37-5 

43-8 

50.0 

56.3 

17.9 

9/16 

2. 1 1 

7-03 

14.  r 

21. 1 

28. 1 

35-3 

42.2 

49.2 

56.3 

633 

15.9 

2.34 

7.81 

15.6 

23- 4 

3'-2 

39- 1 

46.9 

54-7 

62.5 

70- 3 

«4.3 

2.58 

8.59 

17.2 

25.8 

34-4 

430 

51.6 

60.2 

68.8 

77-3 

130 

2.81 

938 

18.8 

28.1 

37.5 

46.9 

56.3 

65.6 

750 

84.4 

12.0 

»3/i6 

3-05 

10.2 

20.3 

305 

40.6 

50.8 

60.9 

71. 1 

Si. 3 

91.4 

1 1.0 

3- 28 

10.9 

21.9 

32.8 

43-8 

54.7  , 

65.6 

76.6 

87.5 

98.4 

10.2 

«5/x6 

3- 52 

II. 7 

234 

35-2 

46.9 

58.6 

70.3 

82.0 

93-7 

'05- 5 

Q.56 

t 

3-75 

12.5 

25.0 

37.5 

50.0 

62.5 

750 

87.5 

100.0 

112.5 

S.96 

4  INCHES  Wide. 


indies. 

sq.  in. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs 

lbs. 

feet. 

1. 00 

3-33 

6.67 

10. 0 

133 

16.7 

20.0 

23.3 

26.7 

30.0 

33-6 

5/16 

1-25 

4.17 

8.33 

12.5 

16.7 

20.8 

25.0 

29.2 

33-3 

37-5 

26.9 

1.50 

5.00 

1 0.0 

15.0 

20.0 

25.0 

30.0 

350 

40.0 

45.0 

22.4 

7/16 

1-75 

583 

11.7 

17.5 

23  3 

29.2 

350 

40.8 

46.7 

52.5 

19.2  1 

% 

2.00 

6.67 

13.3 

20.0 

26.7 

33-3 

40.0 

46.7 

53-3 

60.0 

16. 8 

9/16 

2.25 

7.50 

15.0 

22.5 

30.0 

37-5 

,  45  0 

52.5 

60.0 

675 

14.9 

H 

2.50 

8.33 

16.7 

25.0 

33-3 

41.7 

50.0 

58-3 

66.7 

75.0 

134 

r 

2.75 

9»7 

18.3 

27.5 

.^6.7 

45-8 

550 

64.2 

73-3 

82.5 

12.2 

3.00 

lO.O 

20.0 

30.0 

40.0 

50.0 

60.0 

70.0 

80.0 

90,0 

1 1.2 

r 

3.25 

10.8 

21.7 

32.5 

43-3 

54  2 

65.0 

75-8 

86.7 

97  5 

10.3 

3-50 

II. 7 

23- 3 

350 

46.7 

5«^.4 

'  70.0 

81.7 

9.3  3 

105.0 

9.60 

3-75 

12.5 

25.0 

37-5 

50.0 

62.5 

75.0 

87.5 

100.0 

1 12.5 

S.96 

I 

1 

4.00 

»3-3 

26.7 

40.0 

53-3 

66.7 

j  80.0 

93-3 

106.7 

'  120.0 

1 

8. 40 
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WEIGHT  OF  METAL& 


Wbight  of  Flat  Bar  Iron. 

4X  INCHES  WlD£. 


Thick- 

MBSS. 

1  Sbct. 
Area. 

1 

LaiGTH  tM  Fnrr. 

L«n^h 

to  weiijl 
1  cwt. 

3 

4 

5  1 

< 
0 

mm 

7 

0 
0 

9 

5^.  in. 

lbs. 

lbs. 

lbs. 

lbs. 

lb..  ! 

Vtm, 

lbs. 

lbs. 

lbs. 

feet. 

1   I  .uo 

J-  J't 

7  08 

10.6 

14.2 

17.7  ! 

211 

24.  8 

28  1 

11  0 
J*  •  V 

J  i .  v> 

5/16 

JO 

8.85 

17.7 

22. 1  > 

26.6 

11.0 

W.8 

Jry' 

78 

I.  ■>Q 

5.3» 

10.6 

21.3 

26.6  1 

3»-9 

37.2 

42.5 

47.8 

21. 1 

7/16 

I. Si, 

6.20 

12.4 

1 0.0 

24.0 

31.0 

37-2 

43-4 

49.6 

55-8 

18.  I 

,  2.13 

1 

7.08 

14.2 

21.3 

28.3 

35-4 

42.5 

49.6 

56.7 

03.8 

15.8 

9/16 

'  2.39 

7-97 

15-9 

239 

3»-9 

39-8 

47.8 

55.8 

637 

717 

14.  I 

H 

2.00 

8.85 

»7-7 

26.6 

35-4 

44.3 

53- i 

62.0 

70.8 

79-7 

12.7 

"/>6 

2.92 

9-74 

»9-5 

29.2 

39.0 

48.7  , 

58.4 

68.2 

77.9 

87.7 

II.5 

H 

3- 19 

10.6 

21.3 

31.9 

42.5 

53.1  1 

63.8 

74.4 

85.0 

95-6 

10.5 

3-45 

II. 5 

230 

34.5 

46.0 

57-6  ' 

69. 1 

80.6 

92. 1 

103.6 

9-9 

H 

3- 72 

12.4 

24.8 

37.2 

49.6 

62.0 

74-4 

86.8 

99.2 

111.6 

9.0 

»5/i6 

1  398 

13-3 

26.6 

39.8 

53- > 

79-7 

93-0 

106.2 

119,5 

8.4 

I 

1  4-25 

14.2 

28.3 

42.S 

56.7 

7a8 

85.0 

99.a 

II3.3 

127.5 

7.9 

4^  XNCHBs  Wide. 


inches. 

sq.  in. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs 

lbs. 

lbs. 

lbs. 

lb*. 

feet. 

% 

M3 

"•3 

15.0 

i8.8 

22.5 

26.3 

30.0 

33.8 

29.9 

5/16 

I.4I 

4.69 

9.38 

14.1 

18.8 

23-4 

1  28.1 

32.8 

37.5 

42.2 

23- 9 

1.69 

"•3 

16.9 

22.5 

28.1 

33.8 

39-4 

450 

50.6 

19.9 

7/,6 

1.97 

6. 50 

»3.» 

19.7 

26.3 

32.8 

39-4 

45-9 

52.5 

59.1 

I7.I 

)i 

2.25 

7-  50 

15.0 

22.5 

30.0 

37-5 

!  45  0 

52.5 

60.0 

67.5 

14.9 

9/16 

2.53 

8.44 

16.9 

33.8 

42.2 

1  50.6 

•59.1 

67-5 

75-9 

»3.3 

^,  ' 

2.81 

9.38 

18.8 

375 

'  46.9 

1  56.3 

65.6 

750 

84.4 

t3.0 

3- 09 

10.3 

20.6 

30- 9 

41  3 

51.6 

61.9 

72.2 

82.5 

92.8 

10.9 

^  1 

3.38 

i»  3 

22. 5 

33-8 

45.0 

56.3 

67.5 

78.8 

90.0 

101.3 

9-95 

3-66 

12.2 

24-4 

36.6 

48.8 

60.9 

1  73- 1 

853 

97-5 

100.7 

9.19 

3-94 

13.1 

26.3 

39.4 

52.5 

65.6 

78.8 

91.9 

105.0 

118. 1 

8.53 

«5/i6  1 

4.22 

14. 1 

28.1 

42.2 

56.3 

70.3 

84.4 

98.4 

112.5 

126.6 

7.96 

I 

4.50 

15.0 

30.0 

45.0 

60.0 

75.0 

90.0 

105.0 

120.0 

7.46 

4ji^  iNCHE^i  Wide. 

indies. 

tq.  in. 

Un. 

lbs. 

lbs. 

lbs. 

Ibk 

Ifan. 

Um. 

lln. 

lbs. 

feet. 

1. 19 

396 

7.92 

11.9 

15.8 

19.8 

23.8 

27.7 

35.6 

28.3 

5/16 

1.48 

4.95 

9.90 

14.8 

19.8 

24.8 

29.7 

34-6 

39-6 

44-4 

22.6 

1.78 

5-94 

II. 9 

17.8 

23.8 

29.7 

35-6 

41.6 

47-5 

53-4 

18.9 

7/16 

2.08 

6.93 

139 

20.8 

27.7 

34-7 

1  41.6 

48.5 

55-4 

62.3 

16.2 

2.38 

7.92 

15.8 

23.8 

3".7 

39-6 

475 

55-4 

63.3 

71.3 

14.2 

9/16  ' 

2.67 

&91 

17.8 

26.7 

35-6 

44.6 

53.4 

62.3 

71.3 

80.2 

12.6 

>^ 

2.97 

9.90 

19.8 

29.7 

39-6 

49.5 

i  59-4 

69- 3 

79.2 

89.1 

1  3.27 

10.9 

21.8 

32.7 

43.5 

54. 5 

1  65.3 

76.2 

87.1 

98.0 

10.3 

3-56 

II. 9 

23.S 

35-6 

47.5 

59.4 

1  713 

831 

95- 0 

106.9 

9.4 

^^'^ 

3.86 

12.9 

25.7 

38.6 

51-5 

64.3 

I  77-2 

90.1 

102.9 

115. 8 

8.7 

4.16 

13-9 

27.7 

41.6 

55.4 

69.3  1 

'  83.1 

97.0 

1 10. 8 

124.7 

8.1 

'5/16 

4-45 

14.8 

29.7 

44-5 

59-4 

74- 2 

89.1 

11S.8 

133-6 

7.5 

I 

4.75 

15.8 

3»-7 

47.5 

63.3 

1 1 

1 95.0 

1  »20.7 

142.5 

7* 
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FLAT  BAR  IRON.  235 
Weight  of  Flat  Bar  Iron. 


5  INCHES  Wide. 


Tncx- 
nwas. 

1 

SiCT. 

Akka. 

LBWora  IN  For. 

to  weigK 

I  cwt. 

I 

a 

1  3 

4 

5 

■ 

'  6 

7 

8 

9 

iq.  in. 

IDS. 

lOB. 

Iha 

IIIB. 

IM. 

IDS. 

feet. 

'  1.56 

4.17 

8.33 

12.5 

16.7 

20.9 

25.0 

29.2 

33-3 

37.5 

26.9 

5/.6  * 

5.21 

10.4 

15.6 

20.8 

26.1 

313 

36.5 

41-7 

46.9 

21-5 

1  1.88 

0.25 

12.5 

18.8 

25.0 

31-3 

37-5 

43-8 

50-0 

56.3 

17.9 

7/16    1.  2.19 

7.29 

14.6 

21.9 

29.2 

36.5 

43-8 

51.0 

65.6 

154 

I  S.50 

8*33 

16.7 

25.0 

33-3 

41.7 

sao 

58.3 

^7 

750 

13.4 

9/16 

2.81 

9.38 

18.8 

28.1 

37.5 

46.9 

563 

65.6 

75.0 

84-4 

12.0 

H 

3-13 

10.4 

20.8 

313 

41.7 

52.1 

62.5 

72.9 

833 

93-8 

10.8 

"/t6 

1  3-44 

11.5 

22.9 

34-4 

45.8 

57-3 

68.8 

80.2 

91.7 

103. 1 

9-77 

3.75 

12.5 

25.0 

37.5 

Sao 

62.5 

75.0 

87.5 

100.0 

II2.5 

8.96 

1  4.06 

13.5 

27.1 

40.6 

54.2 

67.7 

81.3 

94.8 

108.3 

121.9 

8.27 

I  4.38 

14.6 

29.2 

43-8 

58-3 

72.9 

87.5 

102. 1 

116.7 

131-3 

7.68 

1  4-69 

15.6 

313 

46.9 

02.5 

93.8 

109.4 

125.0 

140.6 

7.17 

1  S-oo 

16.7 

33-3 

50.0 

66.7 

83.3 

I  100.0 
1 

1 16. 7 

1333 

iSao 

6.72 

Sji  iNCHis  Wide. 


•q.  in. 

lb*. 

lbs. 

Ibi. 

Um. 

Um. 

lbs. 

lbs. 

lbs. 

1 

lbs. 

feet. 

5/16 

H 
7/16 

% 

i.t)4 
1.97 
2.30 
2.63 

4-  38 

5-  47 
6.56 
7.66 
8.75 

8.75 

10.9 

13. 1 

15.3 

17.5 

131 
16.4 

19.7 

23.0 
26.3 

»7-5 
21.9 
26.3 

30.6 
350 

21.9 

27.3 

32.8 

43-8 

26.3 
32.8 
39-4 
45-9 
52.5 

30.6 

38.3 
45-9 

53-6 
61.3 

350 
43.8 
52.5 

61.3 

70.0 

39-4 
49.2 

59.1 
68.9 

78.  S 

25.6 
20.5 
17.1 
14.6 

12.8 

9/16 
H 

2.95 
3.28 
3.61 
3'94 

9.84 
10.9 

I3.0 
13. 1 

19.7 

21.9 

24.1 

26.3 

29- 5 
32.8 
36.1 

39-4 

39-4 
43-8 
48.1 

52.5 

49.2  ' 

54.7 
60.2 

65.6 

59- » 
65.6 

72.2 

78.8 

68.9 
76.6 
84.2 
91.9 

78.8 

87.5 
96.3 
105.0 

88.6 

98. 4 
10S.3 
1 1 S.  I 

II. 4 
10.3 

9.31 

8.55 

T 

4.27 

4-59 
4.92 

S.25 

14.2 

153 
16.4 

i7-5 

28.4 
30.6 
32.8 
35.0 

42.7 

45-9 
1  49-2 

52.5 

S6.9 

61.3 
65.6 
70.0 

71. 1 
76.6 
82.0 

87.5 

85- 3 
91.9 

98.4 
105.0 

99.5 
107.2 
114.8 
122.5 

113.7  1  128.0 

122.5  »37-8 

»3»-3  ,  147.7 
Mao  1 157.5 

7.88 

731 
6.S3 

6.40 

$yi  INCHES  WiDB. 

f 

1  inches. 

M).  in. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

feci. 

S/16 

H 

7/t6 

H 

1.38 
»  1.72 
1  2.06 
2.41 
2.75 

4.58 

S-73 

6.88 

8.02 
9.17 

9.17 

II. 5 

13.8 
16.0 
18.3 

13-8 
17.2 

20.6 
24.1 
27.5 

18.3 
22.9 

27.5 
32. 1 
36.7 

22.9 
28.6  1 

34-4 
40.1  1 

45.8 

275 
34-4 

4'-3 
48.1 

55.0 

32.1 
40. 1 

48.1 
56.1 
64-2 

36.7 
45.8 

SS-O 
64.2 

73-3 

41-3 
51.6 
61.9 
72.2 
82.5 

24.5 
19.5 

16.4 
14.0 

12.2 

9,  16 

3-09 
3-44 

3-78 
4.13 

10.3 

12.6 
13-8 

20.6 
22.9 

25.2 

27.5 

30.9 
34.4 

37.8 

41.3 

41.3 
45.8 

50.4 

55.0 

51.6 

57.3 

63.0 

68.8 

61.9 
68.8 

75-6 
82.5 

72.2 
80.2 

88.2 

96.3 

82.5 

91.7 

100.8 
1 10.0 

92.8 
103. 1 

II3-4 
123.8 

10.9 

9-77 
8.88 
8.14 

»3'r6 

H 

«S/i6 

I' 

4-47 
4.81 
5.16 
5.50 

14.9 
16.0 
17.2 
18.3 

29.8 
32.1 
34-4 
36.7 

44-7 
48.1 

51.6 

55.0 

59-6 
64.2 
68.8 
73.3 

74.5 
80.2 

85.9 
91.6 

89.4 

96.3 
103. 1 

1  iiao 

»04-3 
112.3 
120.3 
128.4 

119.2 
128.3 

137.5 
146.7 

l.>4i 
144.4 

154.7 
165.0 

7.52 
6.98 
6.52 
6.11 

Digitized  by  Google 


236  WEIGHT  OF  METALS. 

WSKSHT  OF  Flat  Bax  Itoir. 


5^  INCHES  WlDB. 


Thick - 

»RCT. 

Limmt  iM  Pnr. 

HISS. 

AjtRA. 

I 

a 

3 

4 

5 

6 

7 

8 

9 

t'J  WClgl 
I  CWl. 

iaches. 

sq.  in. 

lbs. 

Ibt. 

lbs. 

lb*. 

lbs. 

Ibc 

IbiL 

Ibt. 

5/16 

H 
7/16 

1.44 
1.80 
2.16 
2.52 

2.88 

4-  79 

5-  99 
7.19 

8-39 
9.58 

9.58 
12.0 
14.4 
16.8 
19.2 

14.4 
18.0 
21.6 

25.2 
28.8 

19.2 
24.0 
28.8 

33-5 
38.3 

24.0 
30.0 

35-9  , 
41.9 

47.9 

28.8 
35-9 
43- » 
SO.3 
57.5 

33-5 
41.9 

50-3 
58.7 
07.1 

38.3 

47-9 
57.5 
67.1 
76.7 

43- 1 

53-9 
64.7 

75-5 
86.3 

23- 4 
IS.  7 

15.0 

«3.4 
11.7 

t 

3- 23 
3-59 
3-95 
431 

10.8 
12.0 
13.2 
14.4 

21.6 

24.0 
26.4 
28.8 

32.3 

36.0 

39-5 
43.1 

43- 1 
48.0 
52.7 

57-5 

53-9 
60.0 
65.9 
71.9 

64.7 
i  71.9 

86.3 

75-5 
83-9 
92.2 

toa6 

86.2 

95.8 

I05-4 
115.0 

97.0 
107.8 
tl8.6 
129.4 

10.4 

9-35 
8.50 

7.79 

»3/i6 

%  \ 

I 

4.67 

503 
5-39 
5-75 

15.6 
16.8 
18.0 
19.2 

3i.a 

33-5 
35-9 
38.3 

46.7 

50- 3 
53-9 
575 

62.3 

67.0 
71.9 
76.7 

77-9 

830 
89.8 

95.8 

93-4 

100.7 

107.8 
1 15.0 

109.0 

117.4 
125.8 
134.2 

124.6 

134  2 
H3-7 
153-3 

140.2 

150.0 
161.7 

»72-5 

7.19 

6.r)S 

6.22 
5-83 

6  iNCKBS  Wide. 

inches. 

sq.  in 

lbs. 

lbs 

lb«. 

lbs. 

lbs. 

lb5. 

lb*. 

lb..  ' 

lbs. 

feet. 

'A 

5/16 

7/16 

'A 

1.50 
1.88 
2.25 
2.63 
300 

5.00 
6.25 
7- 50 
8.75 

lO.O 

lO.O 

12.5 
15.0 

17-5 
20.0 

15.0 
18.8 
22.5 
26.3 
30.0 

20.0 
25.0 

30.0 

350 

40.0 

25.0 
31-8 

37.5 
43-8 
50.0 

30.0 
37.5 

52.5 
60.0 

350 
43-8 

m' 

70.0 

4a  0 
50.0 
6ao 

70.0 
80.0 

450 

56.3 
67.5 

78.8 

90.0 

22.4 
17.9 
14.9 
12.8 
I  1.2 

9/16 
H 

11/16 
H 

3-38 

3-  75 

4-  '3 
4- 50 

1 1-3 

13-8 
15.0 

22.5 
25.0 

275 
30.0 

33-8 
37-5 

41-3 
45.0 

450 
50.0 

550 

60.0 

56.3 
62.5 
68.8 
75.0 

67.5 
750 

82. 5 
90.0 

78.8 

87.5 
96.3 
105.0 

90.0 
loao 

I  lO.O 

i2ao 

101. 3 
112.5 

»23.7 
1350 

lO.O 
8.96 
8.15 

7-47 

»S/i6 
I 

4.88 
5-25 

5-63 
6.00 

16.3 

17-5 
18.8 

aao 

32- 5 
350 

37-5 
40.0 

48.8 

56.3 
6ao 

65.0 
70.0 

75.0 
80.0 

81.3 

93-8 
loao 

97-5 
1  105.0 

112.5 

laowo 

"3-7 
122.5 

i3«.3 
i4ao 

130.0 
140.0 
150.0 
i6ao 

146. 3 

168.7 
180.0 

6.90 
6.40 

5-97 
5.60 

6yi  INCHES  Wide. 


inches 

1 

1  sq.  in. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

feet. 

}4 

i  »-63 

5.42 

10.8 

16.3 

21.7 

27.2 

32.5 

37-9 

43-3 

49.0 

20.  7 

5/16 

2.03 

6.77 

>3-5 

20.3 

27.1 

33-9 

40.6 

47-4 

54.2 

60.9 

16.5 

H 

'  2.44 

8.13 

16.3 

24.4 

32- 5 

40.6 

48.8 

569 

65.0 

73- 1 

13-8 

7/16 

2.84 

9-47 

18.9 

28.4 

37-9 

47-4 

56.8 

66.3 

75-8 

85.2 

14.8 

325 

10.8 

21.7 

3«-5 

43-3 

54-2 

65.0 

75-8 

86.7 

97-5 

»o.3 

9/16 

3.66 

12.2 

24.4 

36.6 

48.8 

60.9 

'  731 

85-3 

97-5 

109.7 

9.20 

^/ 

4.06 

13-5 

27.1 

40.6 

54-2 

67.7 

1  81.3 

94.8 

108.3 

121.9 

8.27 

4-47 

14.9 

20  H 

44-7 

S'>.6 

74-5 

89.4 

104.3 

1 1Q.2 

134- « 

7-5-i 

4.98 

16.3 

32.5 

48.8 

65.0 

81.3 

97-5 

113.8 

130.0 

146.3 

6.89 

»3/i6 

:  5-28 

17.6 

35-2 

52.8 

70.4 

88.0 

105.6 

123.2 

I4a8 

158.4 

6.36 

1  5-68 

19.0 

37-9 

56.9 

75-8 

94.8 

i  113.8 

132.7 

151-7 

170.6 

5.91 

'S/i6 

6.09 

20.  T, 

40.6 

00.9 

81.3 

101.6 

1 2 1. 9 

142.8 

162.5 

182.S 

5-51 

I 

1  6.50 

21.7 

43-3 

65.0 

86.7 

108.3  1 

130.0 

151.7 

173-3 

1950 

5.29 

Digitized  by  Google 


FLAT  BAR  IRON.  237 
Weight  of  Flat  Bar  Iron. 


7  WCStt  WlOB. 


1 

,  ""^  1 

1 

Sect. 
Akba. 

LaNOTN  IN  Pbst. 

* 

towmgh 

1  cwt. 

I 

2 

3 

4 

5  ' 

'  6 

7 

8 

 ■ 

9 

iadm. 

sq.  iD. 

UMm 

11m 

IBB* 

lbs. 

10s. 

feet. 

1  ^ 

1-75 

5.83 

"7 

'75 

23.3 

29.2 

350 

4a8 

46.7 

52.5 

19.2 

1  5/16 

2. 19 

7.29 

14.6 

21.9 

29.2 

36.5 

43-8 

51.0 

583 

65.6 

15.4 

i  ^ 

2.63 

8.75 

»7.5 

26.3 

350 

43-8 

52.5 

61.3 

70.0 

78.8 

12.8 

1  7/.6 

3.06 

ia2 

20.4 

30.6 

40.8 

51.0 

1  ^''^ 

81.7 

91.9 

II.O 

3.50 

11,7 

23.3 

35.0 

46.7 

5«.3 

70.0 

81.7 

93-3 

105.0 

9.60 

3-94 

'^i 

26.3 

39-4 

52.5 

65.6  1  78.8 

91.9 

105.0 

118. 1 

8.53 

4.38 

14.6 

29.2 

438 

58.3 

72.9 

87.5 

102. 1 

1 16.7 

»3i.3 

7.68 

4.81 

16.0 

12.1 

48.1 

O4.2 

80.2 

96.3 

1 12.3 

128.3 

144.4 

6.98 

5.25 

17.5 

3S.O 

52.5 

70.0 

87.5 

105.0 

122.5 

140.0 

»57.5 

6.40 

1  «3/i6 

569 

19.0 

37-9 

56.9 

75-8 

95.0 

1 13.8 

132.7 

151.7 

170.6 

5-91 

6.13 

20.4 

40.8 

61,3 

81.7 

102. 1 

122.5 

142.9 

163.3 

183. S 

5-49 

6.56 

21.9 

43-8 

65.6 

87.5 

109.4 

131-3 

153  I 

1750 

196.9 

5.12 

"  1 

7.00 

23-3 

i  46.7 

70.0 

93-3 

1 10.7  1  140.0 

>  i| 

it>3.3 

^186.7 

210.0 

4.80 

Iji  IMCHIS  WiDB. 


sq.  in. 

lbs. 

lbs. 

lb*. 

lbs. 

j  Ibt. 

lbs. 

lbs. 

lb*. 

fisct. 

1.88 

6.2$ 

12.5 

18.8 

25.0 

31.3 

37.5 

43.8 

50.0 

56.3 

17.9 

5/16 

1  2-34 

7.81 

15.6 

31-3 

39.1 

,  46.9 

54-7 

62.5 

70.3 

14.3 

H 

1  2.81 

9.38 

18.8 

37-5 

46.9  1 

56.3 

65.6 

75.0 

84.4 

11.9 

i{\f> 

1  3-28 

10.9 

21.9 

32*8 

43-8 

54-7 

65.6 

7().6 

87.5 

98.4 

10.2 

>i 

1  3-75 

12.5 

25.0 

37.5 

50.0 

62.5 

750 

87-5 

100.0 

112.5 

8.96 

9/16 

'  4.22 

14. 1 

28.1 

42.2 

56.3 

703 

844 

98.4 

112.5 

126.6 

7.96 

4.69 

i5.b 

31.3 

46.9 

62.5 

78. 1, 

93-8 

109.4 

125. o 

140.6 

7.17 

5.16 

17.2 

34-4 

51.6 

68.8 

103.1 

120.3 

'375 

6.52 

5-63 

1&8 

375 

56.3 

75.0 

93.8! 

II2.5 

131.3 

i5ao 

5.97 

6.0Q 

20.3 

40.6 

60.9 

81.3 

101.6 

121. 9 

142.2 

162.5 

182.8 

5-51 

r  6.56 

21.9 

43.8 

65.6 

87.5 

109.4 1 

i3»-3 

»53  I 

175.0 

196.9 

5.12 

1  »5/i6 

;  7  03 

234 

46.9 

70.3 

93-8 

1 17.2 1 

140.6 

164. 1 

187.5 

210.9 

4.78 

I' 

i  7.50 

25.0 

Sao 

75.0 

100.0 

125.0 1 

i5ao 

175.0 

2oao 

225.0 

4.48 

8  iNCHis  Wide. 


inches.  , 

sq  111- 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

feet. 

2.00 

6.67 

13  3 

20.0 

26.7 

33-3 

40.0 

46.7 

53-3 

60.0 

16.8 

S/t6  ' 

2.50 

8.33 

16.7 

25.0 

33-3 

41.7 

50.0 

58.3 

66.7 

750 

13-4 

H  > 

3,00 

10.0 

20.0 

30.0 

40.0 

50.0 

60.0 

70.0 

80.0 

90.0 

11.2 

7/16  ; 

i  350 

11.7 

23. 3 

35-0 

46.7 

5^-3 

70.0 

81.7 

93-3 

105.0 

9.60 

H 

4.00 

13-3 

26.7 

40.0 

53-3 

6n.  7 

80.0 

93-3 

106.7 

120.0 

S.40 

9/16  , 

4.50 

15.0 

30.0 

45- 0 

60.0 

75.0, 

90.0 

105.0 

120.0 

»35o 

7-47 

j  S'Oo 

16.7 

33-3 

50.0 

66.7 

833 

loao 

116.7 

'33-3 

150.0 

6. 72 

5.50 

18.3 

36.7 

55-0 

n  -»  ■> 

017 

r  10.0 

128.3 

146.7 

165.0 

6.11 

'  6.00 

20.0 

40.0 

60.0 

80.0 

100.0 

120.0 

140.0 

160.0 

iSo.o 

5.60 

6. 50 

21.7 

43-3 

65.0 

86.7 

108.3, 

130.0 

151.7 

173-3 

195-0 

5.17 

7.00 

23. 3 

46.7 

70.0 

93-3 

II6.7 

1  i4ao 

163.3 

186.7 

210.0 

4.80 

<5/itf 

,  7-50 

25.0 

50.0 

75.0 

100.0 

125.0  • 

'  150.0 

175.0 

200.0 

225.0 

4.48 

'  i 

1  8.00 

26.7 

53-3 

8ao 

106.7 

133.3  11  '60.O 

186.7 

213.3 

24ao 

4.20 
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Weight  op  Flat  Bar  Iron. 

9  INCHES  Wide. 


Thick- 

Sbct. 

LmOTH  IN  Fbst. 

1 

Length  j 

MBSS. 

Arba. 

I 

a 

3 

4 

5 

r 

6 

7 

8 



9 

to  weigh 

I  CWl, 

1 

■q.iii. 

Um. 

Ibt. 

lbs. 

Ibi. 

On. 

llw. 

lbs. 

lU. 

lbs. 

feet. 

^  1 
5/16  i 

H 
7/16 

'A 

2.25 
2.81 

3.38 
3-94 

7.50 
9- 38 
"•3 
13.1 
15.0 

15.0 
18.8 
22.5 
26.3 
30.0 

22.5 
28.1 
33-8 
39-4 
450 

30.0 

37-5 
45.0 

525 
60.0 

37.5 
46.9 

56.3 
65. (> 

75-0| 

45  o 

56.3 
67.5 

78.8 
9ao 

52.5 
65.6 

78.8 

91.9 

105.0 

60.0 
75.0 
90.0 
105.0 
120.0 

67.5 

84.4 
101.3 

118.1 
135.0 

14.9 
1I.9 
10.0 

8.53 
7-47 

'  "'■'.6 

r 

5.06 

5-63 
0.19 

6.75 

16.9 
18.8 
20.6 

22.5 

33.8 
37-5 
4»-3 
450 

50.6 

56.3 
61.9 

67.5 

67- 5 
750 
82.5 
9ao 

84.4 
93-8 
103. 1 
112.5 

101.3 
112.5 
123.8 

135.0 

118.1 

131.3 
144.4 

157.5 

135  0 
150.0 
165.0 
i8ao 

168.8 
185.6 
202.5 

6.64 
5-97 

iU 

»3/i6 
H 

I 

7.31 
7.88 

8.44 
9.00 

24.4 

26.3 
28.1 
30.0 

48.8 

52- 5 
56.3 
|6ao 

73-1 
78.8 
84,4 
9ao 

97-5 
105.0 

112.5 

120.0 

12T.9 

>3'-3 
140.6 
150.0 

146.3 
104.5 
168.8 
iSao 

170.6 
183.S 
196.9 
210.0 

195.0 
210.0 
225.0 
|24ao 

219.4 

1 253-1 
27ao 

4-59  \ 
4.26  1 

3.98  1 

3.73  1 
1 

10  INCHES  Wide. 


inches. 

sq.  in. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

feet.  ] 

5/16 
7/16 

'A 

2.50 
3-13 

4.38 
5-00 

8.33 
10.4 

12.5 

14.6 

16.7 

20.0 

25.0 
29.2 

33-3 

25.0 

31.3 
37.5 
43.8 
50.0 

33-3 
41.7 
50.0 

58.3 
66.7 

41.7 

52.1 

62.5 
72.9 

83.3 

1 

62.5 

75-0 
i  87.5 
100.0 

58.3 

72.9 

87.5 

102.  1 
116.7 

66.7 

83.3 

100.0 
1 16.7 
»33-3 

75.0 

93-8 
112. 5 

i3>  3 
150.0 

134 
10.7 

8.q6  , 
7.08  ' 
6. 72  1 

9/16 
>^  1 

1  k^^ 
'  6.25 

6.88 
7.50 

18.S 
20.8 
22.9 
25.0 

37.5 
41.7 

45-8 
50.0 

56.3 
62.5 

68.8 
750 

75.0 
83.3 
91.7 
100.0 

93.8, 
104.2 

114.6 

125.0 

112.5 
1  125.0 

'375 
150.0 

131-3 
145.8 

160.4 

'750 

150.0 
166.7 

183.3 
200.0 

168.8 

187.5 

206.3 

225.0 

4.b9  [ 
4.48  • 

»3/i6 

n  ■ 

«5/i«  j 

8.13 

8.75 
9.40 

lO.O 

27.1 
29.2 

3»-3 
33.3 

54-2 

58.3 
62.5 

66.7 

81.3 

93.8 
100.0 

108.3 
116.7 
125,0 

»33-3 

135.4 
1  145.8 

1  156.3 

166.7 

162.5 
175.0 
187.5 

200.0 

1 

189.6 
204.2 
218.8 

233-3 

216.7 

233-3 
250.0 

266.7 

243-8 
262.5 
281.3 
300.0 

4.14 
3-84 
3.58 
3  36 

II  INCHES  Wide. 


indies. 

sq.  in. 

lbs. 

lbs. 

lbs. 

lbs. 

Ibik  1 

'  lb*. 

Ibc 

lbs. 

lbs. 

1 

feet. 

H 

2.75 

9.17 

18.3 

27.5 

36. 7 

45.8' 

55-0 

64.2 

73-3 

82.5 

12:2  1 

5/16 

3-44 

I  I.> 

22.9 

34-4 

45-8 

57-5  i 

68.8 

80.2 

91.7 

103.1 

9-77  1 

H 

4-13 

13-8 

275 

4«-3 

550 

68.8  1 

82.5 

96.3 

IIO.O 

123. S 

8.15  1 

7/16 

4.81 

16.0 

32.1 

48.1 

64.2 

80.2 

96.3 

112.3 

128.3 

144.4 

6.98  1 

H 

5.50 

18.3 

36.7 

55.0 

73.3 

91.7 

110.0 

128.3 

146.7 

165.0 

6.II  ! 

9/16 

6.19 

20.6 

41.3 

61.9 

82.5 

103.1 

123.8 

144.4 

165.0 

185.6 

5.43  ' 

H 

6.88 

22.9 

45-8 

68.8 

91. s 

1 14.6 

137.5 

160.4 

183.3 

206.3 

4.89 

25.2 

50- 4 

75-6 

100.8 

120.0 

151-3 

176.5 

201.7 

226.9 

4+4  1 

r 

1  0-25 

27.5 

55-0 

82.5 

1 10.0 

137.5 

:  165.0 

192.5 

220.0 

247.5 

4.07  ! 

8.94 

29.8 

59.6 

89.4 

149.0  , 

178.8 

208.5 

238.3 

268.1 

3.76 

9.63 

32.1 

64.2 

96.3 

liSis 

192.5 

224.6 

256.7 

288.8 

3-49 

»5/,6 

10.4 

34-4 

68.8 

103.1 

137-5 

171.9  1 

206.3 

240.6 

275.0 

309.4 

3.26 

«  1 

II.O 

1 

36.7 

j  73.3 

110.0 

1 

^  146.7 

183.3  1 

1 

i  220.0 
1 

256.7 

293.3 

330.0 

3.06 
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SQUARE  IRON. 
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Table  No.  75.— WEIGHT  OF  SQUARE  IRON. 


3/16 
'4 

5/16 

H 

7/t6 

9/16 

T 

T 

«5/i6 
I 

I  3/,6 

I  5/16 

I  7/16 

\r 

I««/i6 

l«5/i6 

I  2 

'  3 
4 

4 '4 
5 


Sect. 
Arka. 


•q.iB. 

.0156 

.0351 
.0625 

•0977 
.141 

.191 
.25 

,316 
•391 
•473 
.563 
.661 

.766 

.879 
1. 00 

113 
1.27 

1. 41 

1.56 

1.72 

1.89 

2.07 

2.25 

2.44 
2.64 
2.88 

3.06 

3-29 
3.52 

J-  /  5 
4.00 

4.52 
5.06 

564 

6.25 
6.89 
7.56 
8.27 
9.00 

10.6 

12.3 
14.  I 
16.0 

18.  I 
20.3 
1  22.6 
125.0 

30.3 


LiMOTR  IM  Fur. 


.053 

.117 
.208 

.326 

.469 
.618 

•833 

1.06 
1.30 

1.58 

I.  88 
2.20 

2.55 

2-  93 

3-  33 

376 
4.22 
4.70 

5-21 

5-74 
6.30 
6.89 
7.50 

8.14 
8.80 
9.60 
10.2 

II.  o 

11.7 

12.5 
»3-3 

15.1 
16.9 
18.8 
20.8 
23.0 
25.2 
27.6 
30.0 

35-2 
40.8 

46.9 
53-3 

60.2 

67.5 
75.2 
83.3 

91.9 

100.8 

110. 2 
laao 


.104 

•234 
.417 
.651 

•938 

1.28 

I.  67 

.  2.  II 
2.60 

315 

3.75 
4,40 

5.10 
5.86 
6.67 

8.44 
9.40 
10.4 

II.  5 
12.6 

13.8 
15.0 

16.3 
17.6 
19.2 
20.4 
21.9 

23.4 

25.0 

26.7 

30.1 

33.8 
37-6 

4«.7 
45-9 
50.4 

551 
60.0 

70.4 

81.7 

93.8 
106.7 

120.4 
1350 
150.4 
166.7 

183.8 

201.7 
220.4 
240.0 


Iba 

.156 

•351 
.625 

.977 
1. 41 

1. 91 
2.50 

3.16 
3.91 
4.73 
S.63 
6.61 
7.66 

8.79 
lo.o 

"•3 
12.7 

14. 1 

15.6 
17.2 
18.9 
20.7 
22,5 

24-4 
36.4 

28.8 

30.6 

32.9 

35-2 

37.5 
40.0 

45.2 
50.6 

56.4 

62. 5 
68.9 
75.6 
82.7 
90.0 

105.6 
122.5 
140.6 
160.0 

180.6 
202.5 
225.6 
25ao 

275.6 

302.5 

3306 
360.0 


Ibi. 

.ao8 

.468 

.833 
1.30 

I.  88 

2.55 
3-33 

4.22 
5.21 

7.50 
8.80 

10.2 

II.  7 
13-3 

15. 1 

16.9 

18.8 
20.8 
23.0 
35*2 
27.6 
30.0 

32.6 

38.4 

40.8 

43.8 
46.9 

50- » 

53-3 

60.3 
67.1 

75.2 

833 

91. Q 
100.8 
1 10.2 
120.0 

140.8 

163.3 
187.5 
213.3 

240.8 
270.0 
300.8 

3333 

367.5 

403- 3 
440.8 

480.0 


lbs. 

.360 

.584 

I.  04 

iM 
2.34 

3- 19 
4.17 

5-27 
6.51 

7.8S 

938 

II.  O 
13.8 

14.7 

16.7 

18.8 

21. 1 

23-5 
26.0 

28.7 

3>.5 

34-5 
37-5 

40.7 
44.0 
48.0 

54.8 
58.6 
62.6 

66.7 

75-3 
84.4 
94.0 
10.4 
114.9 
126.1 
137.8 
150.0 

176,0 
204.2 

234.4 
366.7 

301. 1 
337-5 

376- 1 
416.7 

459.4 
504.2 
551.0 
600.0 


lbs. 

.313 
.701 

1-25 

1-95 
2.81 

383 
5.00 

6-33 
7.81 

9-45 

11.3 
13.2 

153 

17.6 

20.0 

22.6 

25-3 
28.2 

313 
34.4 
37.8 

41.3 
45-0 

48.8 
52.8 

57.6 

61.3 

65.7 
70.3 

75- 1 

80.0 

90.3 
101.3 

1 13.8 

135.0 

137-8 

i5'-3 
165- 3 
i8ao 

211.3 
245.0 
281.3 
320.0 

361  2 
405.0 

45»-3 
500.0 

551.3 
605.0 

661.3 

720.0 


lbs. 

I.  46 
2.28 
3.28 

4.46 

5.83 

7.38 
9.11 

II.  O 

13.1 

15.4 
17.9 

20.5 

233 

26.3 

29-5 
32.9 

36.5 

40.2 

44.1 

48.2 
52.5 

57.0 
61.6 

67.2 

71.4 
76.7 
82.0 

87.6 

93-3 

105.4 
1 18. 1 
131-6 
145-8 
160.8 
176.5 
192.9 
210.0 

246.5 
28;.  8 

32&I 

3730 


8 


.417 

•935 
1.67 

3.60 

3.75 

5.10 

6.67 

8.44 
10.4 
12.6 
150 
16.6 
30.4 

23-4 
26.7 

30.1 

33-8 

37-6 

41.7 

45-9 

50.4 

55- 1 
60.0 

65.1 
70.4 
76.8 
81.6 
87.6 
93.8 
100. 1 
106.7 


lb*. 

.469 

1.05 

I.  88 

2-93 

4.22 

5-74 
7-50 

9.49 

II.  7 

14.2 
16.9 
19.8 
23.0 
26.4 
30.0 

33-9 
3S.0 

42.3 
46.9 

51.7 
56.7 
62.0 

67.5 

73-2 
79-2 
86.4 

91.0 
98.6 

105  5 

1 12.6 

1 20.0 


120.0  135.5 
135.0  151. 9 
150.4  169.2 

166.6  187.5 
183.9  I  206.7 

201.7  I  326.9 
220.4  I  24S.0 
240.0  270.0 


281.7 

326.7 
375-0 
426.0 


421.5  481.7 
472.5  540.0 
526.5  601.7 
583.3  {  666.7 


643- 1  i  735.0 
705.8  806. 7 
771.51881.7 
840.0 1  96ao 


316.9 

367-5 
421.9 
480.0 

5419 
607.5 

676.9 

750.0 

826.9 

907- 5 
991.8 

1080 
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WEIGHT  OF  METALS. 


Table  No.  76.— WEIGHT  OF  ROUND  IRON. 


3/16 

}4 
5/16 

H 

7/16 

)4 
9/16 

T 

«5/i6 
t 

I  7/r6 

n«/i6 

I « 5/16 
2 

2X 

3 

3V 
3^ 
314: 

4 

4'< 

S 

5^ 

5'^ 


Sect. 
Arba. 


aq.  m. 

.0123 

.0276 

.0491 

.0767 

.110 

.150 

.196 

.24S 
•307 

•371 
.442 
.518 

.6o[ 
.690 

•785 

.887 

.994 
MI 

,  '"^^ 

I-3S 

I  1.02 
i  1-77 

I.  92 
2.07 

2.24 
2.41 
2.58 
2, 76 

2.95 

3H 

3-  55 
398 

4-  43 
4.91 

5.41 

6.49 
7.07 

8.30 
9.62 

I I.  0 
12.6 

14.2 

15  9 
17.7 
19.6 

21.7 
23-8 
26.0 
28.3 


lbs. 

.<Hi 

.092 
.  164 
.2^6 
.368 
.501 

•654 

.828 
1.02 

I.  24 

1-47 

1-73 

2.00 

2.30 
2.62 

2.96 

3.31 

369 
4.09 

4.5» 

4.95 
5.08 

5.89 

6.39 
6.91 

7.46 

8.02 

8.60  I 

9.20  ' 

9-831 
10.5  i 

II.  8  i 

13-3! 

M.S 

16.4 
18.0 
19.8 
21.6 

23.6 

27.7 

3^  I 

36.8 

41.9 

47-3 
530 

65.5 
72.2 


llM. 

.082 
.184 

•327 
.511 

.73<^ 
1.00 

I.2I 

I.  66 
2.05 
2,48 
2.94 

3-46 

4.01 
4.60 
5.24 

S-9I 
6.63 
7-38 
8.18 
9.0a 
9.90 
10.2 

II.  8 

12.8 

13.8 

14.9 

16.0 
17.2 
18.4 
19.7 
20.9 

23.6 
26.5 

20.5 

32.7 
36.1 
39.6 

43-3 
47.1 

55-3 
64. 1 

73.6 
83.8 

94.6 
106.0 
1 18. 1 

130.9 
144- 3 


79.2  158.4 
86.6 


lbs. 

•  123 

.276 

.491 
.767 

1. 10 

I.  96 

2.49 

307 
371 
4.42 

5- 19 

6.01 

6.<>o 
7.85 
8.87 

9.94 

II.  I 

12.3 

"3-5 
14.9 

16.2 

17.7 

19.2 
20.7 

22.4 
24.1 
25.8 
27.6 

29- 5 
3»-4 

35- § 
39-8 

44-3 
49.1 

54.1 
59.4 

64.9 
70.7 

83.0 
96.2 
1 10.4 
125.7 

141.9 
159.0 

177.2 
196.4 

216.5 
237.6 
259.7 
282.7 


lbs. 

.  164 
.368 
.655 

I.  02 

1-47 
2.00 
2.62 

3.3i 
4.09 

4-95 
5.89 

6.91 

8.02 
9.20 
10.5 

II.  8 

133 
14.8 

16.4 

18.0 

19.8 
20.3  I 
23.6 

25.6 
27.7 
29.8 
32.1 

34.4 
36.8 

39.3 
41.9 

47.3 
53-0 

59.1 

65.5 
72.2 

79.2 

86.6 

94-3 

1 10.4 
12S.3 

147- 3 
1O7.6 

189. 1 
212. 1 

236.3 
261.8 

288.6 
3'6.7 
346.2 
377.0 


lbs. 

.205 
.460 
.818 
1.28 

I.  84 
2.51 
327 

4.14 
5.II 

6. 19 

lO.O 

II.  5 

13- 1 

14.8 
16.6 
18.5 
20.5 
22.6 
24.8 
25.9 

29- 5 

32.0 

34.6  j 

37.3 
40. 1 

430 
46.0 

49.1 

524 

91 

73-8 
81,8 

9a2 

99.0 

108.2 

117.8 

138.3 
160.4 
1 64. 1 
209.4 

236.4 
265.1 

2953 
3*7.3  I 

360.8  ' 

i  432.8 
1 47i.a 


Ifaa. 

.245 
•552 
.982 

«-53 

2.21 

3.01 

3-  93 

4-  97 
6.14 
7.42 
8.83 
fa4 
12.0 
13-8 
15-7 

17.7 
19.9 

22.2 

24.5 
27.1 

29.7 

32-5 
35-3 

38.4 
41.5 

44.7 
48.1 
51.6 

55-2 
590 
62.8 

70.9 

79-5 

SS.6 

98.2 
108.2 
118.8 
129.8 
141. 4 

165.9 
192.4 
220.9 

251-3 

283.7 
319.I 
354.4 
39*7 

432.9 

475-2 

519-3 
565.5 


.286 
.644 

i.»5 
1-79 

2.58 

3.51 
4.58 

5.80 
7.16 

8.66 

10.3 
13.1 

14.0 
16. 1 
18.3 

20.7 
23.2 

25.8 

28.6 

31.6 

34.6 

35.5 
41.2 

44-7 
48.4 

52.2 

00.2 

64.4 
68.8 

73.3 


8 


•327 

.736 

i.3» 
2. 04 
2.94 
4.01 

5-23 

6.63 
8.18 
9.90 
11.8 
13.8 
16.0 
18.4 
20.9 

23.6 
26.5 

29.5 

32.7 
36.1 
39-6 
40.6 
47.1 

51.1 

55-3 
59.6 
64.1 

S.S 

73-6 
79.6 
83.8 


82.8 1  94.6 
92.8  106.0 

103.  3    uS.  I 


114.5 
126.2 

138.5 


130.9 

144-3 
158.4 


151. 5  »73.i 
164.9  188.5 


193.6 
224.5 
257.7 
293.2 

331.0 

371-1 

413.S 
458.* 

505.' 

554.3 
605.9 

659.7 


221.2 

256.6 

294-5 
335.0 

378.3 
424.1 

472.5 
523.6 

577-3 
633-6 
692.4 
754.0 


.368 
.828 

1-47 
2.30 

3-  31 

4-  51 
5.89 

7-46 
9.20 
II. I 

13.3 
15.6 

18.0 

20.7 

23.6 

26.6 
29.8 

33-2 
36.8 
40.6 
46.6 

48.7 
530 

57-5 
62.9 

67.1 

72.2 

77-4 
82.8 

88.4 

94- 3 

106.4 

119.3 

132  9 

147-3 
162.3 

178.2 
194-8 
212. 1 

248.9 
288.6 

331-3 
377-0 

425.6 

477.1 
531.6 
589.1 

649-4 
712.7 

779.0 

848.2 
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Weight  of  Round  Iron. 


Skt. 


Lbngtm  in  Fxxt. 


8 


Len^h 
to  weigh 

I  ion. 


6H 

7 

V 

9 

9^ 


•q.  in. 

38.5 
44.2 

503 

56.7 

63.6 
70.9 


1  10 

00.0 

103.9 

12 

113  I 

«3 

132.7 

i3>i 

143- 1 

14 

153-9 

165. 1 

15 

176.7 

16  1 

,188.7 
I  201. 1 

213. S 

227.0 

11^ 

240.5 
254-5 

19 

283.5 

20 

314-2 

21 

346.4 

22 

380.1 

as 

4«5-5 

«4 

453.4 

ewia. 

.9876 
1.145 

1-  315 
1.496 

1.689 

1.S93 
2. 1 10 

2.338 

2-  577 

2.82S 

vo88 
3  366 

3.6S6 

3-  950 
4.260 

4.581 

4-  91S 


259 
616 

984 
3'^M 
755 
»59 
y.573 
8.438 


9.350 
10.31 

11.31 
12.37 
13.46 


1-975 

2.291 

2.629 
2.992 

3-  378 
3786 
4.220 

4.676 

4-  754 

5.656 

0.176 
6.732 
7.312 
7.900 
8.520 
9. 162 
9.830 

10.52 
11.23 
11.97 

12.73 
U-5» 
M-32 

18.70 
20.62 
22.63 

24-73 
26.93 


2.963 

3  436 

3-  944 

4-  448 
5.067 
5.680 
6.329 

7.012 

7-731 
8.4S5 

9.265 

10.10 

10.96 
11.85 
12.78 

13.74 
14-74 

15.78 

16.85 

17.95 
19.09 

20.27 

21.48 

22.72 

25.32 

28.05 

30-93 
33.94 
37.10 

40.39 


3- 950 
4.582 

5.258 
5-984 
6.756 
7-572 
8.440 

9.352 
10.31 
11.31 

12.35 
13.46 

14.62 

15.80 

17.04 

18.32 

19.66 

21.04 

22.46 

23-93 
25.46 

27.02 

28.64 

30.29 

33-75 

37.40 

41.23 

45.25 
49.46 

53.86 


4.938 

5- 727 

6.573 
7.480 

8.444 

9.46 

10.55 

11.69 
12.89 
14.14 

15.44 
16.83 

18.28 

19-75 
21.30 

22.90 

24.58 

26.30 
28.08 
29.92 

31.82 
33.78 

37.86 
42.19 

46.75 
51.54 

56.57 
61.83 

67.32 


cwts. 

5.926 

6.872 

7.887 
8.976 

10.13 
11.36 

12.66 

14.03 
15.46 
16.97 

18.53 
20.20 

21.91 

23.70 

25.56 

26.49 

28.49 

31.46 
32.70 
3590 
38.18 

40.53 
42.95 
45-44 
50-63 

56.10 
61.85 
67.88 

74.19 
8a78 


CWIS. 

6.613 

8.018 

9.202 
ia47 
11.82 

13.25 
14-77 

16.37 
18.04 

19.80 

21.62 

23.56 

25. 59 
27.65 

29.82 

32.07 

34.41 

36.81 

39.31 
41.89 

44-55 
47. 29 
50. 1 1 

53.01 
59.03 

65.45 
72.16 

79.19 
86.56 

94.25 


cwts. 

7.901 

9-»63 
10.52 
11.97 

13.50 

15.  <4 
16.88 

18.70 
19.02 

22.62 
24.70 
26.93 
29.25 
31.60 
34.08 
36.65 
3932 

42.08 
44.92 
47. 88 
50.92 
54.04 
57.28 
60.60 
67.52 

74.80 
82.47 
90.51 
93.92 
107.7 


cwtt. 

8.888 
10.31 

II.  84 

'3.46 

15.20 
17.04 
18.99 

21.04 
23.19 
25.46 
27.80 
30.29 
32.90 

35-15 
38.34 
41.33 

44.24 

47.33 
50.54 

53.86 
57.28 
60.80 
64.43 
68.16 
75.94 

84.15 
92.78 
101.8 

III.  3 
121.3 


feet 

20.2 

17-5 
15.2 

13-4 
II. 8 
10.6 
9.48 

8.56 

7.76 

7.07 
6.47 

5-94 
5.48 
S.06 
4-70 

4.37 

4.07 

3.80 

3- 56 

3- 34 

3-14 
2.96 

2.79 
2.64 

2.37 

2.14 

1.94 
1.77 
1.62 
1.49 
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Table  No.  77.— weight  of  ANGLE-IRON  AND  TBB-IRON. 

I  Foot  i.n  Length. 


Note.— When  the  btse  or  the  web  tapen  insectton,  themean  thtduesf  it  to  be  mcMored. 


Sum  or  tmb  Width  and  Dbpth  in  Incbi 


NBSS. 

iH 

lyi 

2 

2>i  ' 

2)4 

2>^ 

2>4 

inches. 

>i 

3/  10 

% 

5/16 

lbs. 

•57 
Hi 

1.04 
1.24 

lbs. 

.62 
80 
I.15 
1-37 

lbs. 

.68 
•y/ 

1-50 

lU. 

•73 

1.36 
1.63 

lbs. 

.78 
I  12 

1.46 

1.76 

lbs.  ' 
.83 

1.56  1 
1.891 

lbs. 

.88 

1  20 

1.67 
3.02 

lbs. 
.94 

I  J7 

1.77 
2.15 

lbs. 

•99 
1.45 
i!88 

2.28 

lbs. 
1.04 

1.98 
2.41 

lbs. 

1.09 
1.60 
2.08 

a.  54 

2^ 

3 

3H 

3^ 

3H 

3}i 

4 

4J4: 

H 
3/16 

5/16 

7S 
7/16 

1.14 
1.68 

2.  19 
2.67 
111 

3.57 

1.20 
1.76 

2.80 
1  28 

3.75 

1-25 
1. 84 

2.93 

3.93 

1.30 
1. 91 

2.50 
3.06 

1  CO 

4.11 

1.45 
1-99 

3»9 

J-  /  J 
4.29 

1.41 
2.07 1 

2.71 

332; 
4.48  ^ 

1.46 

3-45 

4. 06 

4.66 

I.5I 

2.23 

3.58 
4.22 
4.84 

1.56 
2.30 

3.71 

4-38 
5.02 

1.62 
2.38 

3-  13 
384 

4-  53 
5.20 

1.72 
2.54 

3-33 
4. 10 

4.84 
5.56 

4^ 

5 



1 

6 

ex 

6¥  1  7 

3/16 

% 

5/16 

7/16 
9/16 

2.70 

3-54 

4  36 
5. 10 

5,92 

6  (')7 
7^38 

2. 85 

3-75 
4.62 

5-47 

6.29 

7  08 

7^85 

3.01 

3- 96 
4.88 

5.7a 
6.65 

7  CO 

8.32 

3.16 
4.17 

5.14 

7.02 

/  -y* 
8.79 

3.32 
4.38 

5-40 

0.41 
7-38 

9.26 

3.48 

4.58 

5.66 
0.72 

/•  /:> 
8  71; 

9.73 

3.63 
4.79 

592 

1  703 
'  8. II 

0  1 7 
j  10.20 

3-79 
5.00 

6.18 

8.48 

10.66 

3-95 
5.21 

6.45 
7.66 
8.84 

10.00 

11.13 

4.10  '  4.26 

542  563 
6.71  6.97 

7-97  1  8.28 
9.21  :  9.^7 
10.42  10.83 
11.60  12.07 

7X 

7M 

7^1 

8 

8^ 

9 

9X  1  9M 

9H 

5/.  6 

7/16 

72 
9  lit 

H 

583 
9  93 

1125 
12.54 
13.80 

6.04 
7.49 

ft  At 
0.91 

10.30 
1167 
13.01 

14.3a 

6.25 

7-75 
9.22 
10.66 
12.08 
13^48 
14.84 

6.46 
8.01 

9.53 

11.03 

12  CO 

13.94 
15.36 

6.67 
8.27 

9.04 

II  39 

14.41 
15.89 

6.88 
8.53. 

10. 10  I 

1 1.76 

13.33 

I4!88 
16.41  1 

1  7.08 
1  8.79 

I  10.47 

12.  12 
I  1  7C 

,  15.35 

1  »6.93 

7.29 

10.70 

12.49 

15.82 
17.45 

7-  50 

9.31 
11.09 

12.8s 

14.58 
16.29 

17.97 

7.71 

9.57 
II. 41 
13.22 
15.00 
16.76 
18.49 

7.92 

9.83 

11.72 

13-58 

15.42 
17.23 

19.01 

10 

10/2 

IZ 

13 

13 

13>4 

14 

14;^ 

15 

H 

7/s6 

% 
9/16 

12.03 
1395 

'5i>3 
17.70 

19- 53 
23- 13 

12.66 
14.67 
16.67 
18.63 
20.57 
24.38 

13.28 

15-40 
17.50 

19-57 
21.61 

25.63 

13-9' 
16.13 

18.33 
20.51 

22,66 

26.88 

14-53 
16.86 

19.17 

21.44 

23. 70 
28.13 

1 

17.59 
20.00 

22.38 

24.74 

29.37 

18.U 
1  20.84 

1  23-3» 
'  25.78 

;  30.63 

19.04 
21.67 

24.25 

26.83 
31.88 

19.77 
22.50 

25. 19 
27.87 
33- 13 

20.50 

23- 34 
26. 12 

28.91 
34.38 

21.22 
24.17 
27.06 

29.95 

3563 

12 

xa>i 

13 

14 

15  i 

16 

17 

x8 

JQ 

20 

I 

23.70 

28.13 

32.45 
36.67 

24.74 
29- 37 
33-91 
38.33 

25.78 
30.63 
35-36 
40.00 

26.83 
31.88 
36.82 
41.67 

27.87 

38.28 
43.33 

29.95 
3563  1 
41.19 

46.67 1 

32.03 

38.13 

44.12 

50.00 

34- 12 

40.63 
47.02 

53*33 

36.20 

41.13 

49-95 
56.67 

38.28 

4363 
52.87 
60.00 

40. 3< 
46. 1 

55  7i 
63-3, 
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WROUGHT-IRON  PLATES. 


Table  No.  78.— WEIGHT  OF  WROUQHT-IRON  PLATBS. 


Thick- 

NBSS. 


Sect. 
Arba, 
when 
I  foot 

wide. 


inches. 

5/16 

H 

7/16 

H 

9/16 
H 

"/16 
H 

«3/i6 
Ji 

«s/,6 

I 

I  »/j6 

\t 

\^ 

2 


2'A 

5 

6 

9 
10 


sq.  m. 
3.00 

3-75 
4.50 

5.20 

6.00 

6.75 
7.50 

8.25 

9.00 

9-75 
11.50 

11-25 

12.00 

12.75 

14.25 

15.0 

16.5 

18.0 

21.0 

24.0 


In 

12 
13 

'5 


30 
36 
42 
48 

54 
60 

66 
72 

84 
</) 
108 
120 

«32 
144 

156 
168 
180 


AxBA  IN  SQOAim  iter. 


Ibc  lb*. 


10.0 

12.5 
15.0 

20.0 

22.5 
25.0 

27  s 
30.0 

32.5 

350 

37.5 
40.0 

42.5 

45.0 

47-5 
50.0 

550 
60.0 
70.0. 

8aoj 


20.0 
25.0 
30.0 
35.0 
40.0 

45.0 
50.0 
55.0 
60.0 
65.0 
70.0 
75.0 
80.0 

85.0 

90.0 
95.0 
100.0 

IIO.O 

120.0 
140.0 
i6ao 


cwtt.  '  cwts. 


.893' 

1.07 1 

•  25 

»-43  I 
1.61  ; 

1.79 

1.96 
2. 14  I 
2.50  I 
2.86  I 
3.21 

3-57 

3-93 
4.29 

4.64 

5.00 

536 


1.79 
2.14 
2.50 
2.86 
3.21 
3-57 

3.93 
4.29 

5.00 
5.71 
6.43 
7.14 

7.86 

8-57 

9.29 

10.00 
10.71 


lbs. 
30.0 

37-5 

45'^ 

52.5 
60.0 

67-5 
75.0 

82.5 

90.0 

97-5 
105.0 

I12.5 

iao.o 

127.5 
1350 
142.5 
150.0 
165.0 
iSo.o 
210.0 
240.0 


cwtt. 

2.68 
3.21 

3-75 
4.29 

4.82 
536 

589 
6.43 
7- 50 
8.57 
9.64 

10.71 

II. 
12. 

13-93 
15.00 

16.07 


lb*. 

40.0 

50.0 
60.0 
70.0 
80.0 

90.0 
100.0 
110.0 
120.0 
130.0 
140.0 
150.0 
160.0 

170.0 
180.0 
190.0 
200.0 
220.0 
240.0 
280.0 
320.0 


cwts. 

3-57 
4.29 

5.00 

6.43 
7.14 

7.86 

8.57 
10.00 

11-43 
12.86 

14.29 

15-71 
17.14 
18.57 
20.00 
21.43 


50.0 

62.5 
75.0 

87.5 
loao 

112.5 
125.0 

137.5 
150.0 

162.5 

175.0 

187.5 
200.0 

212.5 
225.0 

237.5 
250.0 
275.0 
300.0 
350.0 
4oao 


cwts. 

4.46 

5.36 

6.25 

7.14 
8.04 

8.93 

9.82 
10.71 

12.50  i 
10.29 

16.07 
12.86 

19.64 

21.43 
23.21 
25.00 
26.79 


Ibi. 

60.0 
75.0 
90.0 
105.0 
120.0 

«35-o 
150.0 

165.0 

180.0 

J95-0 
210.0 
225.0 
240.0 

255.0 
270.0 
285.0 
3oao 
330-0 
360.0 
420.0 
48ao 


cwts. 

5.36 
6.64 

7.  so 

^•57 
9.64 

ia7i 

11.79 
12.86 
15.00 
17.14 
19.29 
21.43 

23.57 
25.71 

27. 86 

30.00 

32. » 4 


lbs. 

70.0 

87-5 
105.0 

122.5 

140.0 

150.0 

175.0 

192.5 
210.0 

227.5 

245-0 
262.5 
280.0 

297. 5 

3150 

332- 5 

3500 
3«5-o 
420.0 
490.0 
560.0 


8 


cwts. 

6. 25 

7.50 

8-75 
10.00 

11.25 

12.50 

13-75 
15.00 

17.50 
20.00 

22.50 
25.00 

27.50 
30.00 

32- 50 
35  00 

37-50 


Ibi. 

80.0 

lOO.O 

120.0 
140.0 
160.0 

180.0 
200.0 
220.0 
24ao 
260,0 
280.0 
300.0 
32ao 

340.0 
360.0 
380.0 
400.0 
440.0 
480.0 
560.0 
640.0 


cwts. 

7.14 
8.57 

10.00 

•1.43 
12.86 

14.29 

15.71 
17.14 
20.00 
22.86 

25- 7  > 

2S.56 

3«.43 
34.29 

37.14 
40.00 

42.86 


lbs. 

90.0 

112.5 

1350 

157.S 
i8ao 

202.5 
225.0 

247.5 
270.0 

292  5 

ly  -> 
33  s 

3'  > 


•5 

450.0 

495-0 
540.0 
630.0 
720.0 


cwts. 

8.04 
9.64 

II. 25 
12.86 
14.46 
16.07 

17. 68 
19. 29 
22. 50 
25.71 
28.93 
32.  H 

35- 36 
38.57 

41-79 

45.00 

48. 2 1 
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244  WEIGHT  OF  METALS. 

Table  No.  79.— WEIGHT  OF  SHEET  IRON. 

AT  480  LBS.  PER  CUBIC  FOOT. 


According  to  Wire-gauge  used  in  South  Staffordihire  (Table  No.  17). 


TkuaufBSfi. 

Akba  IN  Sqoam  Fnr. 

1 

'Number 

of  en  ft 

in  I  too. 

X 

a 

4 

5 

6 

7 

# 

8 

g 

B.W.G. 

inch. 

lbs. 

lU. 

lbs. 

Ibc 

lbs. 

1  lbs. 

lbs. 

lbs. 

sq.  ft. 

32 

.0125 

.500 

1. 00 

1.50 

2.00 

2.50 

3.00 

3-50 

4.00 

4-50 

4480 

3» 

.0141 

.562 

113 

1.69 

2.25 

2.81 

3-38 

3-94 

4.50 

5-o6 

3986 

30 

.0156 

.025 

1.88 

2.50 

3»3 

3.75 

4.38 

500 

3584 

29 

.0172 

.688 

1.38 

2.06 

*-75 

3-44 

j  4.13 

4.81 

5-50 

6.19 

3256 

s8 

.0188 

.750 

1.50 

2.25 

3.00 

3.75 

4.50 

525 

6.c» 

6.75 

2987 

97 

.0203 

.813 

1.63 

2.44 

325 

4.06 

4.88 

5-69 

6.50 

731 

2755 

20 

.02 19 

•87  s 

'•75 

2.63 

3- 50 

4-38 

5-25 

6.13 

7.00 

7.88 

2560 

«5 

.0234 

•938 

1.88 

2.81 

3-75 

4.69 

563 

6.56 

7-50 

8.44 

2388 

24 

.0250 

1. 00 

2.00 

300 

4.00 

5.00 

6.00 

7.00 

8.00 

9.00 

j  2240 

as 

.0281 

"13 

2.25 

3.38 

4.50 

5.63 

(  6.75 

7.88 

g.oo 

lat 

1982 

22 

0313 

1.25 

2.50 

3-75 

6.25 

'  7.50 

8.75 

lO.O 

"•3 

'  1792 

21 

•0344 

1.38 

2.75 

4- 13 

5-50 

y  0  7>  1 

6,88  ' 

8.25 

963 

I  I.O 

12.4 

1623 

20 

•0375 

1.50 

3.00 

4-50 

6.00 

7- 50 

9.00 

10.5 

12,0 

13.5 

<  M93 

19 

.043S 

1-75 

3-50 

525 

7.CJ0 

8.75 

10.5 

12.3 

14.0 

1280 

10 

.0500 

2.00 

4.00 

6.00 

8.00 

10.0 

12.0 

14.0 

16.0 

18.0 

'  1 120 

'7 

•0563 

2.25 

4.50 

6.7s 

9.00 

II.3 

13.S 

15.8 

18.0 

2a3 

996 

16 

.0625 

2.50 

5.00 

7.50 

lO.O 

12.5 

15.0 

17.5 

20.0 

22.5 

896 

15 

.0750 

b.oo 

9.00 

12.0 

15.0 

18.0 

21.0 

24.0 

27.0 

747 

14 

.0875 

3- 50 

7.00 

14.0 

17.5 

1  21.0 

24.5 

28.0 

640 

13 

.1000 

4.00 

&00 

12.0 

16.0 

2ao 

24.0 

28.0 

32.0 

36.0 

560 

12 

.1125 

4.50 

9.00 

13.5 

18.0 

22.5 

!  27.0 

31.5 

36.0 

40.5 

498 

II 

.  1250 

5.00 

10.0 

15.0 

20.0 

25.0 

30.0 

350 

40.0 

45  0 ' 

448 

10 

.  1406 

5-63 

"•3 

16.9 

22.5 

28.1 

,  33.8 

49.4 

450 

50.6 

398 

.«563 

6.25 

16.8 

25.0 

3>.3 

1  37-5 

43-8 

50.0 

56.3 

358 

8 

.1719 

6.88 

138 

20.6 

27.5 

34-4 

41.3 

48.1 

550 

61.9 

326 

7 

.1875 

7-50 

15.0 

22.5 

30.0 

37-5 

45.0 

52.5 

60.0 

67.5 

299 

6 

.2031 

8.13 

16.3 

24.4 

32.5 

40.6 

48.8 

56.9 

65.0 

72. 1 

276 

5 

.2188 

8.75 

17-5 

26.3 

350 

43S 

52.5 

61.3 

70.0 

78.8 

256 

4 

•2344 

9.38 

18.8 

28.1 

37-5 

46.9 

56.3 

65.6 

750 

84.4 

239 

3 

.2500 

lao 

aao 

300 

40.0 

50.0 

j  60.0 

70.0 

80.0 

90.0 

224 

2 

.2813 

11.25 

22.5 

33-8 

45.0 

56.3 

,  67.5 

78.  S 

90.0 

101.3 

109 

I 

.3125 

12.5 

25.0 

37.5 

50.0 

62.5 

7S-0 

87.S 

100.0 

112.5 

179 
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IRON  SHEETS. 


245 


Table  Na  80.— WEIGHT  op  black  and  GALVANIZED 

IRON  SHEETS. 

(Morton's  Table,  founded  ui>on  Sir  Joseph  Whitworth  &  Co.'s  Standard 

Birmingham  Wirs-Gaugb.) 

Note.— The  immhm  on  Holtzapffcrs  wire-gange  ue  ^qplied  to  the  thidmewft 

on  Whitworth't  gpnge. 


Aliproxiinatc  number  of 

OMigeof  B 

iMkShMli. 

Apfiro.vimatc  number  of 

aqiwre  feet  in  i  ton. 

square  feel  in  i  ton. 

Wire- 

ThickncM. 

Wirt- 

ThickiMH. 

Galvanued 

inch. 

square  fiteL 

square  feet. 

fquarefeefc. 

t 

.300 

187 

185 

17 

.060 

933 

876 

2 

.2c>0 

200 

197 

lo 

,050 

1 120 

1038 

3 

.260 

215 

212 

19 

.040 

1400 

1274 

4 

.240 

233 

229 

20 

.036 

1556 

1403 

1 

.220 

^ 

250 

21 

.032 

1750 

1558 

.aoo 

275 

22 

.008 

9000 

1753 

7 

.180 

3" 

304 

23 

.024 

2333 

2004 

8 

.165 

339 

331 

24 

.022 

2545 

2159 

9 

.150 

373 

363 

25 

.020 

2800 

2339 

ID 

.>3S 

^i^ 

403 

26 

.018 

3III 

II 

.120 

467 

453 

.016 

3SW 

12 

.110 

509 

491 

.014 

4000 

3<22 

>3 

.095 

589 

566 

29 

.013 

4308 

3306 

14 

.085 

659 

630 

30 

.012 

4667 

3513 

.070 

800 

Z57 

3» 

.010 

5600 

4017 

.065 

863 

813 

.009 

6238 

43*7 
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246  WEIGHT  OF  METALS. 

Table  No.  81.— WEIGHT  OF  HOOP  IROH. 

I  FOOT  IN  LENGTH. 


According  to  Wire-gauge  used  in  South  Staflfordshire. 


Taia 

Width  in  Incmw. 

CNBUi 

H 

H 

I  1 

1 

B.W.G. 

inchM. 

lis. 

1km 

lbs. 

lbs. 

21 

20 

19 

.0344 

.0375 

.0438 

.0716 
.0781 
.0911 

.0861 

.0938 
.  ICQ 

.100 

.  109 
.128  1 

"5  ' 

.125 

.146 

.129 
.141 
.164 

.144 
.156 
.182 

.158  1 

.  172 
.200 

.172 

.188 

.219 

18 

«7 
16 

.0500 
.0563 
.0625 

.  104 
.117 
.130 

.125 
.141 
.156 

.146 
.164 
.182 

.167 

.188 
.208 

.188 
.211 
.234 

.208 

.234 
.260 

.229 

.250 

.281 

.313 

"5 
14 

13 

•0750 
.0875 
.1000 

.156 

.18^ 
.208 

.188 

.219 
.250 

.219 

.256 
.292 

.250 

.293 
.333 

.281 
•329 

•375 

•3>3 
.366 
.416 

•344 

.402 

.458 

•375 
•438 
.500 

12 
II 
10 

.1125 
.1250 
.1406 

.2X± 

.293 

.281 

.313 
.35a 

.328 
.365 

.410 

•375 
.4^ 

.A22 
.469 
.527 

.a.60 

.521 
.586 

.516 

•573 
.645 

• 

.625 

9 
8 

7 

•»563 
.1719 

.1S75 

.326 
■358 
•391 

•391 

.409 

.456 

.501 

•547 

.522 

•573 
.625  , 

.587 

.644 

•703 

.652 
.716 
.781 

•717 

.788 

.859 

.783 

.859 
•938 

6 

5 
4 

.2031 
.2188 

•3344 

.423 
.488 

.508 
.586 

.593 
.638 

.683 

.677 
.729 
.781 

.762 
.820 
.879 

.836 
.912 

.977 

•93« 
lao 

ia7 

1.02 

1.09 
I.I7 

Thickness. 

Width  in 

Inches. 

2 

2X 

2>^ 

3 

B.VV.G. 

inches. 

lbs. 

lbs- 

lbs. 

lbs. 

1  u^. 

1  1/3. 

21 
90 
19 

•0344 
•0375 
.0438 

.197 
■  20j 
.238 

.201 
.219 

.215 
.224 

.274 

.229 
.250 
.292 

.328 

.287 

•3»3 
•365 

•315 
•344 
.400 

•344 

•375 
*437 

18 

17 
16 

.0500 

1  0563 
1  .0625 

.271 

•305 

•339 

.292 

.328 
•365 

.312 

.351 

•391 

•333 

•375 
•417 

.375 

.422 

.469 

.417 

.469 

.521 

.458 

.516 

•573 

.500 

.563 
.625 

15 
14 

>3 

.0750 
.0875 
.1000 

•307 
.475 
•S43 

•438 
.584 

.469 

•549 
.626 

.500 

.585 
.667 

.562 
.658 

.750 

.625  ' 
.833 

.687 
.804 

.9>7 

•750 
.875 

I.OO 

12 
II 

10 

.1125 

.1250 
.1406 

.609 
.677 
.762 

.656 
.729 
.820 

.703 
.781 
.879 

.750 
.833 
•938 

.842 

•937 
1.06 

.938 

1.04 

1. 17 

1.03 

1.15 

1.29 

1.13 

1.25 

1.16 

1 

7 

.>563 
.1719 

.1875 

.848 

.93» 
1.02 

.913 

I.OO 

1.09 

.978 
1.07 
I.17 

1.04 
1. 15 
1.25 

1. 17 
1.29 
I.41 

1.30 

1.43 
1.56 

1.43 
1.58 
1.72 

1.56 
1.72 
1.88 

6 

5 
4 

.2031 
.2188 
.2344 

1. 10 
1.19 
1.27 

1. 19 
1.28 

»-37 

1.27 

137 
1.46 

1.46 
1.56 

1.5a 

1.64 

1.76 

1.69 
1.82 

1  »-95 

1.86 

2.00 
2.  IS 

2.03 

2. 19 
2.35 
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WARRINGTON  IRON  WIRE. 


Table  No.  83.--WEIQHT  and  strength  OF  WARRINGTON 

IRON  WIRE. 


Table  of  Wire  manufactured  by  Rylands  Brothers. 
Note.— Tlie  Wire-Gage  is  tliat  of  Rylands  Brathen. 


Sixe  on 
Wire 
Grace. 


I 


7/0 
6/p 

5/0 

4/0 
3/0 
»/o 

O 
I 

3 

3 
4 
5 

6 

I 

9 

10 

1 1 
12 

13 

:i 

17 
18 

«9 
ao 

81 

as 


inch. 

7/t6 

'3/33 

"/32 

.326 
.300 
.274 
.250  (1) 
.229 
.209 

.191 
.174 

.159 

.146 

•  133 
.125  (i) 

.117 
.100  (^) 
.090 

.079 
.069 
.0625  {^) 

•053 
.047 
.041 
.036 

.028 


milU- 
metres. 

12.7 
11.9 
II. I 

10.3 

95 
8.7 

u 

7.0 
6.4 

5-8 
53 

4-9 
4-4 
4.0 

3-7 
3-4 
3-2 

30 
2.6 

a.3 

2.0 

1.8 
1-5 

1-3 
1.2 

i.o 

.1 

.7 


weij 
tooYdik 

tA  Ot 

t  Mile. 

1 

Length  of 
iCwt. 

of  63  lbs. 

Breakifl 

An- 
oealcd. 

g  Strain. 
Bright. 

specific 
Density, 
the  aver- 
age den- 
sity of  iroD 

lbs. 

lbs. 

average 

lbs. 

lbs. 

iron 

»93-4 

3404 

33 

58 

1047^ 

I5/00 

tAt.9 

.9032 

37 

66  1 

9200 

13010 

43 

76  ' 

I Z  /  .  0 

2247 

49 

88 

69 10 

10370 

108.8 

1! 

103 

^890 

88^S 

.q8u 

91.4 

1609 

69 

123 

4960 

7420  I 

89  I 

f  ii  ii  ^ 
•447 

77 

136 

A  A 

4450 

OO/O 

IZZ7 

90 

161  1 

50. 1 
40.4 

108 

193  1 

3*40 

47*7 

.9052 

051 

130 

232  1 

2010 

3927 

40.6 

714 

ill 

276 

2IQ7 

33-8 

595 

33s 

1830 

3740 

20.  z 

495 

1  223 

397  1 

1320 

2290  . 

*3-4 

412 

269 

479  I 

I2O0 

1900 

I9- V 

344 

322 

1000 

1550  • 

ID.  ^ 

680 

«»93 

1340  ' 

137 

241 

460 

819 

741 

1 1 10 

I 

12.  I 

213 

•  521 

927 

654 

900  : 

.9852 

10.6 

186 

i  595 

1059 

i  573 

860  ' 

8.0 

142 

I  783 

1393  1 

436 

650 

110 

1006 

1790 

339 

509 

4!^ 

85 

1305 

2322  1 

261 

390 

3.7 

65 

171S 

3052  1 

199 

299 

2.9 

5i 

2188 

3894  , 

156 

233 

.9378 

2.2 

38 

>  2900 

5160 

118 

176 

1-7 

30 

3687 

6560 

93 

138 

1-3 

23 

4847 

8620 

70 

105 

1.0 

18 

5985 

1 1 120 

54 

81 

.8 

14 

i  7574 

I4I52  : 

43 

64 

1.0843 

.6 

II 

1  9893 

18486 

33 

49 

Afem.  This  Table  of  the  weight  and  strength  of  Warrington  wire  It  ^Ven  by  penaisnom 
of  Messrs.  Rylands  Brothers;  and  it  is  said  to  be  based  on  very  accurate  measurements  of 
sizes  and  weights.  The  last  column  is  added  by  the  author,  to  show  that  the  density  of 
tlie  wire  is  statioiiary  for  diameters  of  from  %  inch  to  }i  indi,  and  probably  somewhat 
smaller  diameters;  but  that,  contrary  to  current  opinions  of  the  densi^  of  wire^  the 
deosUy  becomes  greater  when  the  diameter  is  reduced  to  Vji  inch. 
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WEIGHT  OF  METALS. 


Table  Na  83.— WBIOHT  OP  WROUOHT-IRON  TUBB8» 

BY  Internal  Diameter. 


Length,  i  Foot.    Thickness  by  Hokiapftei's  Wire-Gauge. 


Thick* 

w.c. 

4 

5 

6 

7 

Inch. 

9/16 

>i 

7/16 

H 

5/16 

X 

.238 

.220 

.203 

.180 
3/16^. 

Im". 

DiAM. 

ioches. 

H 

I 

iK 

iH 
2 

2X 

4 

4>^ 

6 
7 

7^ 
8 

9 

10 

II 

12 

13 

14 

»5 
16 

\l 

20 
21 
22 

23 
24 

26 
38 

30 

32 

36 

lbs. 

4.91 

5-73 

6.54 

7- 36 
9.00 

10.6 

12.3 

139 

15.6 
17.2 
18.8 
20.5 
22.1 

23- 7 
27.0 

303 

33-5 
36.8 

40.1 

43-4 
46.6 

49.9 
53-2 
56.5 

63.0 
69.5 
76.1 
82.6 
89.2 

95-7 
102.3 
108.8 

1 15.4 
121.9 

128.5 

1350 
141.5 

148 1 

154.6 
161.2 

174.3 
187.4 

200.4 

213-5 
226.6 
239.7 

lbs. 

4-  05 
4.79 

5-  52 
6.26 

7-73 
9.20 

10.7 

12.2 

13-6 

151 

16.6 

18.0 

19.5 
21.0 

239 
26.9 

29.8 
32.8 

35.7 
387 
41.6 

44.6 

47-5 
50.4 

56.3 
62.2 
68.1 
74.0 
80.0 
85.8 
91.7 
97.6 

»o3-5 
109.3 

115. 2 

lai.i 
127.0 

132.9 
1388 
144.7 

156.5 
168.3 

180.0 

191.8 

203.6 

215.4 

lbs. 

3.27 
3.93 
4.58 
5.24 

7.86 
9.17 
10.5 

11.8 

14.4 

»5-7 
17.0 

18.3 
20.9 
23.6 

26.2 
28.8 

31.4 
34- 0 
36.7 

39. 3 
41.9 

44-5 

49.7 
550 

60.2 

^^5.5 
70.7 

75-9 

81.2 

86.4 

91.6 
96.9 
102. 1 

107- 3 

II2.6 

1 1 7.8 

123.1 
128.3 

138.8 
149.2 
159.7 

170.2 
180.6 

191. 1 

Dm. 

2.58 

3.15 

3- 72 

4.30 

5-44 
6.59 

7.73 
8.88 

lO.O 

11.2 

12.3 

14.0 

15.8 
18.0 
20.3 

22.6 
24.9 

27.2 
29.5 
31.8 
34.1 

36.4 
38.7 

43-2 
47.8 

52.4 

IJ:2 

66.2 

70.7 

75-3 

79.9 
84.5 

89.1 

93.6 
98.2 
IQ2.8 
107.4 
II2.0 

121. 1 
130.3 

139.5 

148.6 

167.0 

lbs. 

1.96 

2.45 

2-  95 

3-  44 
4.40 

5.40 

6.38 

7.36 

8.34 

9^33 

10.3 

"•3 
12.3 

13-3 
15.2 

17.2 

19. 1 
21. 1 

23.1 

25.0 

27.0 
29.0 

309 
32.9 

36.8 
40.7 

44-7 
48.6 

52.5 

56.5 
60.4 

64.3 

68.2 
72.2 
76.1 
80.0 

83.9 
87.9 
91.8 

95-7 

103.6 
111.4 

"9-3 

127. 1  ' 

1350 
142.9 

1.43 
1.84 

2.25 

2.66 

3.48 

4.30 
5.11 

5-93 

6.75 

7-57 
8.38 
9.20 

lO.O 

10.8 
14. 1 

15.8 

17.4 

19.0 
20.7 
22.3 

23.9 

25.6 
27.2 

30.5 

33.8 

37.0 
40.3 
43-6 
46.8 

50.1 
53-4 

56.7 

59-9 
63.2 
66.5 

69.7 
73.0 

76.3 
79.6 

86.1 

92.7 
99.2 

105-7 
|li8w8 

.982 

1.31 

1.64 

I.  96 
2.62 

327 

3-93 
4.58 

5.24 

5.89 

6.55 
7.20 

7.85 
8u 
9.82 

II.  1 

12.4 
13.7 

IS  I 
16.4 

17.7 

19.0 

20.3 

21.6 

24.2 
26.8 
29.5 
32.1 

34-7 
37-3 
39-9 
42.5 

45.2 
47.8 

50.4 
53.0 
55-6 

58.3 

60.9 

63. 5 

68.7 
74.0 
79-2 
84.4 
89.7 
94*9 

lbs. 

.905 

I.  22 

2.46 

3-09 
3.71 
4.33 

4.96 

5.58 
6.20 
6.83 

7.45 

8.07 

9.32 
10.6 

II.  8 
13.1 

14-3 

16.8 
18.0 

19-3 
20.5 

23.0 

28.0 

30.5 

330 

35.5 
38.0 

40.5 

430 

45.5 
48.0 

50.4 
52.9 
554 

57.9 
60.4 

65.4 
70.4 

75-4 
80.4 

85.4 

90.4 

lbs. 

.'^ 

1.37 
1.66 
2.24 
2.81 

3-39 
3.96 

4.54 

5-12 

5-69 
6.27 
6.84 

7.42 

8.57 
9.72 

10.9 
12.0 

13-2 
14.3 

15  5 

16.6 

17.8 
18.9 

21.2 
23.5 

304 
32.7 
350 
37-3 

39-6 
41.9 

44-2 
46.  q 
48.8 
51. 1 

53-4 
55.7 

60.3 
64-9 

69.5 
74.1 

83.4 

lbs. 

.698 

.963 

1.23 

1.50 
2.03 
2.56 

3-09 
3.62 

5  21 

iU 

6.81 
7.87 
894 

lao 
ii.i 

12.1 
13.2 

14.3 

15.3 
16.4 

17.4 

19.6 
21.7 

23.8 

2^.9 

28.1 
30.2 

32.3 

34-4 
36.6 

38.7 

40.8 

42.9 

45- 1 
47.a 

49.3 
51.S 

55.7 
60.0 

64.2 

68.  c 

72.8 

77.0 

lbs. 

.575 
.811 

1.05 

1.28 

I.  75 

2.23 

2. 70 
3.»7 

3-  64 
4.11 

4-  58 
5.05 

5-  5a 

6.00 

6.94 
7.88 

8.82 

9.77 

10.7 

II.  7 

12.6 

13  5 

14^5 
15.4 

17.3 
19.2 
21. 1 

23.0 
24.9 
26.7 
28.6 

30.5 

32.4 

34-3 
36.2 

38.0 

39-9 
41.8 

43.7 
45.6  j 

49  3 

53- 1 
S6.8 

60.6 
64.4 
6&I 

1 
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Table  No.  83  {continued). 


Length,  i  Foot.    Thickness  by  HoUzapffel's  Wire-Gauge. 


Thick- 
ness. 
W.  G 

8 

9 

10 

II 

1 

12 

13 

14 

'5 

16 

17 

18 

Ikch. 

.165 

11/64  ^• 

.148 

9/64/ 

.134 

9/64  i>. 

.  120 

.109  1 

7/64  1 

•095 

.083 

5/64/ 

.072 

5/64  ^. 

.065 

.058 

.049 

3/64/ 

Int 

rhAM. 

inches. 

H 

I 

2 

2V 
!  ^A 

•  I'A 

4 

4^ 

6 

i  7 

1  * 

9 

ID 
II 
12 

1  14 

1  'S 

1  '6 

17 

1  18 

;  19 
-  20 

1" 

23 
24 

26 
28 

30 
32 
34 
36 

lbs. 

•501 
.717 

•934 
1. 15 

I.  58 
2.01 
2.45 
2.88 

331 

3-  74 

4-  17 
4.61 

5.04 

5-  47 

6.33 
7.20 

8.06 
8.93 

9.79 
10.7 

II.  5 
12.4 

»3-3 
14.1 

15.8 
17.6 

19-3 
21.0 

22.7 

24.5 

26.2 

27.9 

29.6 
3»-4 

33-  1 

34-  8 
36.6 

38.3 
40.0 
41.8 

45.2 
48.7 
52.1 

55-5 
590 
62.4 

lbs. 

■423 
.610 

.797 
1. 00 

»-39 

I.  78 

2. 17 
2.55 

2.94 
3-33 

3-  72 
4.10 

4-  49 
4.88 

565 

6.43 

7.20 
7.98 
8.75 

9-53 
10.3 

II.  I 
11.9 
12.6 

14.2 
15  7 

^7-3 
18.8 

20.4 

21.9 

23- 5 
25.0 

26.6 
28.1 
29.7 
31.2 
32.8 

34-  3 

35-  9 
37.4 

40.5 
43-6 
46.7 
49.8 
52.9 
56.0 

lbs. 
•364 

•539 
.714 
.890 
1.24 

1-59 

I.  94 

2.29 

2.64 
3.00 

3-35 

3- 70 
4.05 

4.40 

5.10 

5.80 

6. 50 
7.21 
7.91 
8.61 

9-31 
10. 0 

10.7 

II.  4 

12.8 
14.2 
15.6 
17.0 
18.4 
19.8 
21.3 
22.7 

24.1 

25-5 
26.9 

28.3 

29.7 

311 
32.5 
33-9 

36.7 

39-5 

42.3 

45-1 
48.0 

50.8 

lbs. 

.318 
.472 
.625 

•779 
1.09 

1. 41 

I.  72 
2.04 

2.35 
2.66 

2.98 

3-  29 
3.61 
392 

4-  55 
5.18 

5.81 
6.44 
7.06 
7.69 
8.32 

8.95 
9.58 
10.2 

II.  5 
12.7 
14.0 
15.2 
16.5 
17.7 
19.0 
20.3 

21.5 
22.5 
24.0 

253 
26.5 

27.8 

29. 1 

30- 3 

32.8 

35-3 
37-8 
40.4 
42.9 
45-4 

lbs.  ^ 

.267 
.410 

.553 
.695 

.981 

1.27 

I.  84 

2.12 
2.41 
2.69 
2.98 
3.26 

3-55 
4.12 

4.69 

5.26 

583 
6.40 
6.97 

7-55  ' 
8.12 

8.69 

9.26 

10.4 

II.  5 
12.7 
13-8 
15.0 
16. 1 
17.2 
18.4 

19.5 
20.6 
21.8 
22.9 
24.1 
25.2 
26.4 

27-5  1 

29.8 

32.1 

34-4 

36.7 

39-0 

413 

lbs. 

.219 

,  -343 
.468 

•  592 
.841 
1  1.09 
1  1-34 
159 

I.  84 

2.08 

2.33 
2.58 

1  2.83 
I  3-08 
358 
4.07 

4-  57 
5.07 

5-  57 
6.07 

6.56 
7.06 
7.56 
8.06 

9.05 

lO.O 

II.  0 
12.0 
13.0 
14.0 
15.0 
16.0 

17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24,0 

26.0 
28.0 
30.0 
32.0 

34- 0 
36.0 

lbs. 

.181 

.290 

•398 

■507 
.718 

•935 
1. 15 

1.37 

1-59 

I.  81 

2.02 
2.24 
2.46 
2.68 

3  " 
3-55 

398 
4.42 
4.85 
5.29 
5.72 
6.16 

6-  59 

7-  03 

7.90 

8.77 
9.64 
10.5 

II.  4 
12.2 

13  » 
14.0 

14.9 

15-7 
16.6 

175 

18.3 
19.2 

20.1 

20.9 

22.6 
24.4 
26. 1 
27.9 
29.7 

314 

lbs. 

.149 

.243 
•337 
•431 
.620 

.808 

•997 
1. 19 

'•37 
1.56 

1.75 

I.  94 

2.»3 
2.31 
2.69 

3- 07 

3.45 
3.83 
4.20 

4.58 
4.96 

5-33 
5-71 
6.09 

6.84 
7.60 

8.35 
9. 10 

9.86 

10.6 

II.  4 
12.1 

12.9 
13.6 
14.4 
15. 1 

159 
16.6 
17.4 
18. 1 

19.7 
21.2 
22.7 
24.2 
25.8 

273 

lb&. 

.130 

•215 
.300 

•385 

•555 

■725 

•895 
1.07 

1.24 
1. 41 
1.58 

1-  75 

I.  92 

2.09 

2-  43 
2.77 

3  " 
345 

3-  79 

4-  13 
4-47 
4.81 

549 

6.17 
6.8s 

8.21 
8.89 

957 
10.3 

10.9 

II.  6 

»2.3 

i3^o 

»37 

'43 
15.0 

'5-7 
16.4 

17.7 
19. 1 
20.5 
21.8 
23.2 
24.6 

lbs. 

.Ill 
.187 
.263 

•339 
.491 

•643 

•795 
.946 

1. 10 
1.25 
1.40 

1-55 
1.71 

I.  86 
2.16 
2.47 

2.77 

3-  07 
3.38 
3.68 

3.98 

4-  29 

4.59 
4.90 

5.50 
6.  II 

6.72 
7.33 

793 
8.54 

9.88 
10.4 

I  I.O 

II.  6 
12.2 
12.8 

13-4 
14.0 
14.6 

15.8 
17.0 
18.3 

19.5 
20.7 
21.9 

lb!«. 

.0895 

.154 
.218 
.282 
.410 

•538 
.667 

.795 

-923 

'•05 
I. 18 

i.3» 
1.44 

1.57 

I.  82 
2.08 

'2.34 
2.^9 
2.85 

3-H 

3-  36 
3.62 
3.88 

4-  13 
4.65 
516 

5-  67 
6.19 
6.70 
7.22 

773 
8.24 

8.76 
9.27 
9.78 

10.8 

"•3 

II.  8 

12.6 

134 
14.4 

15.4 
16.5 

17-5 
18.6 
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WEIGHT  OF  METALS 


Table  Na  84.^weight  of  wroughT-IRON  TUBES, 

BY  KXTERNAL  DlAMETF.R. 

Length,  i  Foot.    Thickness  by  Holtzapflfel's  Wire-Gauge. 


Thicknbss. 
W.O. 


Ihch. 


Ext.  Diam, 
I  inch. 

in 

2 

2H 

^n 

3 
4 

4H 

5 

SH 

VA 

6 

en 

7 

7'4 

1% 

s 


.iSo 

3/i6  b. 


8 


.165 


lbs. 

I.  78 
2.02 
2.25 
2.49 
3.72 
2.96 

3- 19 

3-43 
367 
3.90 
4.14 

4.61 

4.84 
5.08 

5-32 
5.79 
6.26 

6.73 
7.20 

7.67 

8.14 

8.61 

9.08 

9-56 
10.0 

10.5 

II.  o 

11.4 
II. 9 
12.4 

12.9 

138 

"43 

14  7 


lbs. 

1.44 

1.66 

I.  88 

2.09 
2.31 
2.52 

2.74 
2.96 

317 

3-  39 
360 

3.82 

4.04 

4.25 

4-  47 
4.68 

4.90 

5-  33 
5.76 

6.19 

6.63 

7.06 

7.49 
7.91 

8.35 
8.79 
9.22 

10. 1 
10.5 
ia9 

II.  4 

II. 8 
12.2 
12.7 

i3.« 

1  -1  r 

1  >  ^ 


9 

10 

IX 

X2 

>3 

1  

IS 

.148 

•'34 

.120 

.109 

•095 

.083 

.072 

9/64*. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

1.32 

1.22 

I. II 

1.02 

.797 

.700 

1.26 

1. 16 

I.O') 

.906 

1.71 

1.57 

1.42 

1.30 

1. 01 

.888 

1.90 

1.74 

i.S8 

'•45 

1.27 

1. 12 

.983 

2.10 

1.92 

1.73 

'•59 

1.40 

I' 23 

i.ob 

2.29 

3.00 

1.80 

1.52 

■•34 

1.17 

2.27 

2.05 

1.87 

1.65 

'•45 

1.27 

2.68 

2  45 

2.21 

2.02 

1.77 

1.56 

1.36 

2.87 

2.62 

2.36 

2.16 

1.90 

1.67 

'•45 

3.06 

•J 

2.80 

2.i;2 

2.30 

2.02 

1.78 

3.26 

3.07 

2.68 

3.44 

3.14 

1.88 

^.  IS 

2.83 

2.  «;o 

2.27 

1.99 

1.74 
1.83 

3-65 

"X. \2 

J  -J 

2.0Q 

2.73 

2.39 

2.10 

3- 84 

3.87 

2.  $2 

3.31 

I.Q^ 

403 

367 

3-3' 

3.02 

2.64 

2.32 

2.02 

4.23 

3.85 

346 

3.'6 

2.77 

2.43 

3.II 

4-42 

4.02 

^.62 

3- 30 

2.89 

2.S4 

2.21 

4.81 

'^.04. 

3.14 

2.7? 

2.40 

C.20 

4.73 

4.2^ 

3- 87 

3.07 

2.  SQ 

S.07 

4.^7 

4. 16 

3- 64 

J'  •  ^ 

2.77 

4.88 

4-44 

3- 89 

^•40 

2.q6 

6.36 

5.78 

S.20 

4.73 

4.13 

3.62 

7.45 

6.13 

5-5' 

4-38 

3.84 

3-34 

713 

6.48 

5.82 

530 

4.63 

4.06 

3.53 

7.S2 

6.81 

6. 1"? 

5.58 

4.88 

4.27 

T72 

7.91 

718 

6.44 

S.87 

sn 

4-49 

3.Q0 

8.  'to 

6.76 

6.15 

'»-38 

4.71 

4.00 

8.68 

7.07 

6.44 

563 

4.93 

4.28 

9.07 

8.23 

i  7-39 

6.73 

5.87 

5.14 

4-47 

9.46 

8.58 

7.70 

7.01 

6.12 

536 

4.66 

9.S5 

8.93 

8.02 

7.30 

ni 

S.58 

4.85 

10.2 

9.38 

8^33 

7.58 

5-79 

S.03 

10.6 

963 

8.64 

7.87 

6.87 

6.01 

5.22 

II.O 

9-99 

8.96 

8.15 

7.12 

6.23 

5-4' 

10.3 

1  927 

8.44 

7.37 

6.45 

5.60 

II.8 

ia7 

1  9.59 

8.72 

7.62 

6.66 

5-79 

T  I  0 

0  00 

n  01 

SS 

Thickness. 
W.  G. 

4 

5 

6 

7 

8 

9 

Inch. 

.3125 
5/16 

.281 

.238 

.220 
7/3. 

.203 
j  '3/64 

.180 
3/16  6. 

.  165 

«>/64  b. 

.148 
9/64/. 

Ext.  Diam. 
7  inch. 

7'A 

8 

85^ 
9 

9H 
10 

lbs. 

21.9 

23- 5 
25.2 

26.8 

28.4 

30.1 

31.7 

lbs. 

19.8 

21.3 

22.7 

24.2 

25. 7 
27.1 

38.6 

lbs. 
16.9 
1     18. 1 

1  193 
20.6 
21.8 
23.1 

.  34-3 

lbs  ' 

15.6 

16.8 

17.9 

19. 1 

20.2 
31.4 
33.5 

,  '4-5 
'5-5 

!  16.6 

1  '7-6 

'8.7 
1  19.8 
30.8 

lbs. 
12.9 
13.8 
14.7 

'5-7 
16.6 
17.6 

««.5 

lbs. 

II. 8 
12.7 

'35 
14.4 

15-3 
16. 1 

17.0 

!hs. 
10.6 

"4 

12.3 

12.9 

'3-7 
14.5 
153 

Digitized  by  Googlc 


LIST  OF  TABL£S  OF  CAST  IKON,  ST££L,  ETC 


251 


LIST  OF  TABLES  OF  THE  WEIGHT  OF  CAST  IRON, 
STE£L»  COPPER,  BRASS,  TIN,  LEAD,  AND  ZINC. 

The  following  Tables  are  devoted  to  the  specialities  of  manufacture  in 
Cast  Iron,  Steel,  and  other  metals,  embracing  the  utmost  range  of  dimen- 
sions to  which  objects  in  the  several  metals  are  executed  in  the  ordinary 
course  of  practice. 

Thus,  whilst  it  is  customary  for  oertain  classes  of  Cylinders  in  Cast  Iron — 
steam  cylinders,  for  example — to  be  constructed  according  to  given  mtonal 
diameters,  other  classes  are  constructed  according  to  diameters  given 
externally,  as  the  iron  piers  of  railway  bridges.  Two  distinct  tables  accord- 
ingly have  been  composed,  showng  the  weights  of  Cylinders  of  various 
thicknesses,  and  of  diameters  as  measured  internally  and  externally. 

The  weights  of  Copper  Pipes  and  Cylinders  are  only  calculated  for  in- 
ternal diameters,  as  it  is  not  the  practice  to  construct  them  to  given  external 
diameters.  Brass  1  ubes,  on  the  contrary,  are  calculated  only  for  external 
diameters,  as  they  are  not  ordinarily  made  to  given  internal  diameters. 

Table  No.  85. — Weight  of  Cast-iron  Cylinders,  i  foot  in  length,  advanc- 
ing, by  internal  measurement,  from  i  inch  to  lo  feet  in  diameter,  and  from 
^  inch  to  2^  inches  in  thickness. 

Table  No.  86. — ^Weight  of  Cast-iron  Cylinders,  i  foot  in  length,  advanc- 
ing, by  external  measurement,  from  3  indies  to  20  feet  in  diameter,  and 
from  3/^  inch  to  4  inches  in  thickness. 

Table  Na  87. — Volume  and  weight  of  Cast-iron  Balls,  when  the 
diameter  is  given ;  from  i  inch  to  3a  inches  in  diameter,  with  multipliers 
for  olJier  m^als. 

Table  No.  88. — Diameter  of  Cast-iron  Balls,  when  the  weight  is  given ; 
from  }4  pound  to  40  cwts. 

Table  No.  89. — ^Weight  of  Flat  Bar  Steel,  i  foot  in  length;  from  inch 
to  X  inch  thick,  and  from     inch  to  8  inches  in  width. 

Table  Na  90. — ^Wei^t  of  Square  Steel,  i  foot  m  length ;  from  fi  inch 
to  6  inches  square. 

Table  No.  91. — Weight  of  Round  Steel,  i  foot  in  lengtli;  from  )4  inch 
to  24  inches  in  diameter. 

Table  No.  92. — Weight  of  Chisel  Steel:  hexagonal  and  octagonal,  i  foot 
in  length;  from  fi  inch  to  ij4  inches  diameter  across  the  sides. 
Oval-flat,  from  ^  x  ^  inch  to       x  ^8  inch. 

Table  No.  93. — ^Weight  of  one  square  foot  of  Sheet  Copper;  from  No,  i 
to  No.  30  wire-gauge,  as  employed  by  Williams,  Foster,  &  Co. 

Table  Na  ^4. — ^Weij^t  of  Copper  Pipes  and  Cylinders,  i  foot  in  length, 
advancing,  by  mtemal  measurement,  from  )i  inch  to  36  inches  in  diameter, 
and  from  Na  ocoo  to  Na  20  wiregauge  in  thickness. 
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Table  No.  95. — Weight  of  Brass  Tubes,  i  foot  in  length,  advancing,  by 
external  measurement,  from  }i  inch  to  6  inches  in  diameter,  and  from 
Na  5  to  Na  2$  wire-gauge  in  thickness. 

Table  No.  q6. — Weight  of  one  square  foot  of  Sheet  firass;  from  No.  3  to 

No.  25  wire-gauge  in  thickness. 

Table  Na  97. — Size  and  weight  of  Tin  Plates. 

Table  No.  98. — ^Weight  of  Tin  Pipes,  as  manufactured. 

Table  Na  99. — Weight  of  Lead  Pipes,  as  manu£Eu:tured. 

Table  No.  100.— l>imen8ions  and  weight  of  Sheet  Zina  (Vidh-Mm' 
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CAST-IRON  CYLINDtERS. 
Table  No.  85. — Weight  of  Cast-Iron  Cylinders. 
By  Internal  Diameter,    i  Foot  Long. 
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Ikt. 

DlAM. 


I 

2 

U 


Thickne&s  in  Inches. 


5/16 

H 

7/16 

9/16  ' 

H 

7/ 

H 

I 

lbs. 

lb«. 

nm. 

11m. 

lbs. 

1  lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

Ifasf 

4.03 

5.06 

6.17 

7- 36 

1  8.63 

9.97 

II.4 

12.9 

16.  X 

19.6 

4.30 

6.90 

8.32 

9.82 

'  II. 4 

13.> 

14.8 

16.6 

20.4 

24.5 

5-52 

7.09 

8.74 

10.5 

12.3 

1  14.2 

16. 1 

18. 1 

20.3 

24.7 

29- 5 

6.75 

8.63 

10.6 

12.6 

14.7 

16.9 

19.2 

21.5 

239 

29.0 

34-4 

10.2 

12.4 

14.8 

17.2 

19.7 

22.2 

24.9 

27.6 

33-3 

39-3 

9.20 

II. 7 

14.3 

16.9 

19.6 

22.4 

25.3 

28.3 

31-3 

37.6 

44.2 

10.4 

132 

16. 1 

19. 1 

22. 1 

\  28.0 

28.4 

31.6 

350 

41.9 

49.1 

II. 7 

14.8 

18.0 

22.1 

24.5 

31  5 

35-0 

38.7 

46.2 

54.0 

12.9 

16.3 

19.8 

234 

27,0 

30-7 

34-5 

38.4 

42.3 

50.5 

58.9 

14.1 

17.8 

21.6 

25-5 

29.5 

33-5 

37.6 

41.8 

46.0 

54.8 

63.8 

»5-3 

19.4 

23.5 

1  27.7 

32.0 

40.7 

45-1 

49.7 

59.1 

6S.7 

indies. 

6 

6^ 

7 

9 

9>^ 
10 

io>^ 

II 

12 

13 
14 


THiaciraas  nt  litems. 


lbs. 

23-5 
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27.2 

29.0 

30.8 

34.5 
36.4 
38.2 

40.0 

41.9 

43-7 

45.6 
49.2 

52.9 
56.6 

60.3 

64.0 

67.7 


7/16 


lbs. 
27.7 
29.8 

32.0 

34- 1 
3t^-3 
38.4 

40.5 

42.7 
44.8 

47.0 

49.1 

51-3 

53-4 
57.7 
62.0 
66.3 
70.6 

74-9 
79-2 


lbs. 
32.0 

34-4 

36.8 

39.3 
41.7 
44.2 

46.6 

49.1 

51-5 
540 

56.5 
58.9 

61.4 

66.3 

71.2 

76.1 

81.0 

85. 

90. 


9/16 


lbs. 

36.2 

39-0 
41.8 

44-5 

47-3 
50.0 

52.8 

55-6 

58-3 
61. 1 

63- 9 
66.6 

69.4 

74-9 
80.4 

85.9 

91.5 
97.0 

108.$ 


H 


lbs. 

40.7 

43-7 

46.8 

49-9 
52-9 
55-9 

59.0 
62.0 
65.1 
68.2 
71.2 

74-5 

77.5 

83.6 

89.7 

95-9 
102.0 

108.2 
II4-3 


II 


A6 


lbs. 

45.1 
48.5 

51-9 

58.6 
02.0 


;4 

J.  8 


6 
6i 
72.1 

75-5 
78.9 
82.3 

85.6 

92.4 
99.1 
105.9 
112.6 
119.4 
126. 1 


lbs. 

49-7 
53.4 

57-1 
60. 8 

64.4 
68.1 

71.8 

75-5 

^8 

86.5 
90.2 

93-9 
101.2 
108.6 
1 16.0 

123.3 
130-7 
138.1 


lbs. 

59.1 
63.4 
67.7 
71.9 
76.2 
80.5 

84.8 

89.1 

93-4 
97.7 

102.0 

106.3 

1 10.6 
1 19.2 
127.8 
136.4 
145.0 

153-6 
162.2 


lbs. 
68.7 

7^6 

78. 5 
83-5 
88.4 

93-3 

98.2 

103.1 
108.0 
112.9 

117.8 
122.7 

127.6 
137.5 
147.3 
157.1 
166.9 
176.7 
186.5 


lbs. 

78.7 

84.2 

89.7 

95-3 
ioa8 

106.3 

ifi.8 

117-4 
122.9 

128.4 

1 33- 9 
139-4 

145-0 
156.0 
167. 1 
1 78. 1 
189. 1 
I  200.2 
211. 2 


18 

19 
20 

31 

22 

a3 

24 

25 


Thickness  in  Inches. 


cwt. 

604 

637 

670 

703 

736 
769 
802 

Si5 


7/16 


cwt. 

707 
746 

784 
823 

861 

900 
939 
977 


cwts. 

.811 

.898 
.943 

.986 
1.03 
1.07 
1. 12 


cwts. 
1. 03 
1.08 

1. 19 

1.24 
1.29 

J-3S 
1.40 


cwts. 

>.23 

1.30 

1.36 
1-43 

1.49 

1.56 

1.63 
1.69 


H 


cwts. 

«-45 

1.52 

1.60 
1.68 

1.76 

1.83 
1. 91 

1.99 


I 

cwts. 

cwts. 

CWtl. 

cwts. 

1.67 

1.89 

2.II 

2.34 

2.56 

1.75 

1.09 

2.22 

2.46 

2.70 

1.84 

2.08 

2.33 

2.58 

2.83 

1.93 

2.X8 

2.44 

2.70 

2.96 

2.02 

2.28 

2.5s 

2.82 

309 

2. 10 

2.38 

2.66 

2.94 

3-22 

2.19 

2.48 

2.77 

306 

3-35 

2.28 

2.58 

2.88 

3- 18 

3.48 
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Table  No.  85  {conHmud), 
By  iNmNAi.  DiAMBTEs.  I  Foot  Long* 


m  

IlTT. 

TmcKmM  iM  Iiiciiit. 

SlAll 

H 

H 

7/16 

H 

^  ; 

 1 

I 

'X 

cwts. 

cwts. 

cwts. 

cwts. 

cwts. 

cwts. 

cwts. 

cwts. 

cwts. 

cwts 

cwts. 

oft 

.868 

1.02 

I.  16 

1.46 

1.76  ! 

2.06 

2-37 

2.68 

2.99 

3- 30 

3.62 

27 

.901 

1.05 

1. 21 

LSI 

1.82 

2.14 

2.45 

2.77 

3- 09 

3.42 

3-7? 

2o 

.934 

1.09 

1.25 

I  57 

1.89 

2.22 

2.54 

2.87 

3.20 

3-54 

3- 88 

29 

.967 

I.I. 

1.29 

1.O2 

1.96  1 

2.29 

2.63 

2.97 

3-3' 

3.66 

4.01 

30 

•998 

1. 17 

1-34 

i.GG 

2.02  ; 

2-37 

2.72 

3-07 

3.42 

378 

4.14 

1.06 

1.25 

1-43 

1-79 

2.15 

2.52 

2.89 

3- 27 

3-64 

4.02 

4.41 

1. 13 

1.3a 

1.51 

1.90 

2.29 

2.67 

3.07 

it 

3.86 

4.26 

4.67 

i.ao 

1.40 

1.60 

2.01 

2.4a 

2.83 

3.24 

4.08 

4.50 

4-94 

—  0 

38 

1.26 

1.47 

1.69 

2.12 

2.5; 

2.98 

3- 42 

3.86 

4- 30 

4.75 

5.20 

40 

'•33 

'•55 

'•77 

2.23 

2.68 

3  14 

3-59 

4.05 

4.52 

4.99 

5-47 

42 

'•39 

'•63 

1. 86 

2.34 

2.81 

329 

3-77 

4.25 

4-74 

523 

5-73 

45 

1.49 

'•75 

'•99 

2.50 

301 

3.52 

4.03 

4^55 

507 

5-59 

4» 

'•59 

1.86 

2. 12 

2.66 

J-  /  > 

4.S5 

5-40 

6.5a 

ThICKNM*  m  iMCMtt. 

H 

K 

1 

lyi 

IX 

2 

tocbcs. 

cwts. 

cwts. 

cwts. 

cwts. 

cwu. 

cwts. 

cwts. 

cwts. 

cwts. 

cwts. 

cwts. 

48 

2.66 

3-21 

3-75 

4.30 

4.85 

5  40 

5-96 

6.52 

7-63 

8.77 

9.91 

51 

2.82 

3- 40 

3-98 

4.56 

5- '4 

6.32 

6.91 

8.09 

9.29 

10.5 

54 

2.99 

3.60 

4.21 

4.82 

5-44  1 

6.69 

73' 

8.55 

9.82 

II.I 

57 

3.1S 

380 

4-44 

5-73 

6.38 

7.05 

7.70 

9.01 

10.4 

II. 7 

60 

3- 32 

4.00 

4.67 

5-35 

6,03 

6.71 

7.41 

8. 10 

9-47 

10.9 

'2.3 

63 

3-48 

4.19 

4.90 

5-61 

6.33 

7.04 

8.49 

9-93 

II. 4 

12.9 

66 

3.64 

4.39 

5.88 

6.62 

7.37 

8.89 

10.4 

II.9 

«3-5 

69 

3.81 

4*59 

5-3^ 

6.14 

6.92 

7.70 

8.51 

9.28 

10.9 

12.5 

14. 1 

72 

.3-97 

4.78 

5-59 

6.40 

7.21  , 

8.03 

8.87 

9.67 

"•3 

'3-0 

14.7 

75 

4.14 

4.98 

5-82 

6.66 

7-5' 

8.36 

9.24 

10. 1 

II. 8 

'3-5 

15.2 

78 

4- 30 

5.18 

6.05 

6.93 

7.81 

S.69 

9.60 

10.5 

12.2 

14.0 

15.8 

81 

4.46 

5.38 

6.28 

7.19 

8.10 

9.02 

9.97 

10.9 

12.7 

14.6 

16.4 

84 

4- 63 

5-57 

6.51 

7-45 

8.40 

9-35 

10.3 

"■3 

132 

'5  i 

17.0 

87 

479 

5-77 

6.74 

7.72 

8.69 

9.67 

10.7 

11.6 

13.6 

90 

4.96 

5-97 

6.97 

7.98 

8.99  1 

10.0 

II.I 

12.0 

14. 1 

16.7 

18.2 

93 

5. 12 

6.17 

7.20 

8.24 

9.29  1 

ia3 

1 1.4 

13.4 

i4.S 

18.8 

96 

5.28 

6.36 

7-43 

8.51 

9.  §8  1 

10.7 

II. 8 

12.8 

15.0 

17.2 

19.4 

99 

5-45 

6.56 

7.66 

8.77 

9.88 

11. 0 

12.2 

'32 

'5  5 

17.7 

20.0 

102 

5.61 

6.76 

7.89 

9.03 

10.2 

"3 

12.5 

13.6 

18.2 

20.6 

105 

5-78 

6.95 

8.12 

9.29 

IO.q 

II.7 

12.9 

14.0 

10.4 

18.8 

21.2 

108 

5-94 

7.15 

8.36 

9.56 

10.8  1 

12.0 

'3-3 

14.4 

16.8 

21.8 

III 

6. 10 

7-35 

S.w 

9.82 

II. I  1 

12.x 

13.6 

14.8 

19.1 

22.3 

114 

6.27 

7.55 

8.82 

10. 1 

II. 4  1 

12.6 

14.0 

'5-2 

20.3 

22.9 

"7 

6.43 

7-74 

905 

10.4 

II. 7 

13.0 

14.3 

15.6 

18.2 

20.9 

335 

120 

6.59 

7.94 

9.28 

10.6 

12.0  i 

1 

13,3 

14.7 

16.0 

18.7 

21.4 

24.1 
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Table  No.  86. — Weight  or  CastJron  Cyliiidbrs. 

By  External  Diameter,    i  Foot  Long. 


3/16 


lbs. 
5.18 
6.10 
7.02 

7-94 
8.86 

9.78 
10.7 
II. 6 
12.5 

13-5 
14.4 

15-3 
16.2 

17.2 

18.1 

19.9 

21.8 

236 

255 

273 
29.1 

31.0 

32.8 

34-6 

36.5 

38.3 
40.2 
42.0 
43-8 
45-7 
47. 5 
49-4 

51.2 

530 

54-9 

56.7 
58.6 

60.4 

62.2 

64.1 

659 

69.6 

73-3 
77.0 

82.5 

88.0 

93-6 

99- 1 

104.6 

iiai 


6.75 
7.98 
9.20 
10.4 
11.7 
12.9 
14.1 

153 
16.6 

17-8 
19.0 
20.3 

21-5 

22.7 

239 
26.4 

28.8 

^'•^ 
33.8 

36.2 

38.7 
41. 1 
43*6 

46.0 
48.5 

509 
53.4 
55-8 

58.3 
60.8 

63.2 

70.6 
730 

75-5 
77-9 
80.4 
82.8 

87.8 

92.7 
97.6 
102.5 
109.8 
117.2 
124.6 

i3«-9 
139.3 
146.6 


Ibi.  I 

8.2  c 
9.78; 

"•3  I 
12.9 

14.4  i 

15-9 

17.5  I 

19.0 

20.5 

22.1 

23.6; 

26.7 
28.2 
29.7 
32.8 

35-9 

38.9, 
42.0  I 

45.1 
48.1 

51.2 
54.3 

57-3 
60.4 

63.5' 

66.5 
69.6 
72.7 

75-7 
78.8 

81.9 

85.0 

88.0 
91.1 

94.2 

97.2 

100.3 

I03-4  . 
106.4 

1095! 

115.6  ' 
121. 8 
127.9 
«3M  I 
146.3 

IS5-5 

164.7  ! 

173-9 
183.1  j 


lbs. 
9.65 

"•5 

13-3 
15.2 

17.0 

18.9 

ao.7 

22.5 

24.4 

26.2 
28.1 

29.9 
31.8 
33.6 
35-4 
39- 1 
42.8 

46.5 
50.2 

53.8 

57.5 
61.2 
64.9 

68.6 

72.3 

75-9 
79.6 

83.3 
87.0 

90.7 

94-3 
98.0 
01.7 

05-4 
09. 1 
12.8 

16.4 
20. 1 
23.8 

27.5 
31.2 

38.5 
45.9 
53-3 
64.3 
75-4 
86.4 

97.5 

208. 5 

219.6 


Tmjckji: 

7/x6 


IN  Imchbs. 


lbs. 
II. o 

13.2 

153 

17-5 
19.6 
21.8 

23.9 

26.0 

28.2 

30.3 
32.5 
34.6 

36.8 

38. 9 
41. 1 

45-4 
49.7 

54.0 

58.3 

62.6 

66.9 

71.1 

75.4 

79- 7 
84.0 

88.3 
92.6 
96.9 
101.2 
105.^ 
109.8 
114. 1 
1 18.4 

122.7 
127.0 

131-3 
>35.6 

139-9 
144.2 

148.5 
152.7 

161. 3 
169.9 
178.5 
191. 2 
203.8 
216.5 
229.2 
241.8 

254.5 


lbs. 

12.3 

14-7 
17.2 

19.6 

22.1 

24.5 
27.0 

29.5 
31.9 

34-4 
36.8 

39.3 

41.7 

44.2 
46.6 
51.5 
56.5 

61.4 
66.3 

71.2 
76.1 
81.0 

85.9 

90.8 

95.7 

00.6 

05-5 
10.5 

15.4 

20.3 

25.2 

30.1 

35.0 

39-9 
44-8 

49.7 
54-6 

59-5 
64.5 

69.4 

74.3 
84.1 

93-9 
20^7 

218.5 

233-2 

247.9 
262.6 
277.4 
292.1 


9/16 


lbs. 

13.5 
16.2 

19.0 

21.7 

24.5 

27- 3 
30.0 

32.8 

35-6 

38.3 
41. 1 

43.8 
46.6 

49-4 
52.1 

57.6 
63.2 

68.7 
74,2 

79-7 

853 
90.8 

96.3 

01.8 

073 

12.9 
18.4 
23.9 

29-4 

35.0 

40-5 
46.0 

5»S 

57.0 
62.6 
68.1 
73-6 
79.1 

84.7 
9a2 

95.7 

206.8 
217.8 
228.8 

245-4 

262.0 

278.6 

295  " 
3"-7 
328.3 


H 


lbs. 

14.6 
17.6 
20.7 

23.8 

26.9 

29.9 

33- o 
36.1 
39.1 

42.2 

45-3 

48.3 

51.4 

54-  5 
57-5 
63-7 
69.8 

75-9 
82.1 

88.2 

94-3 
00.5 

06.6 

12.8 
18.9 

25.0 
3i.2 
37-3 
43-4 
49.6 

55-  7 
61.8 

68.0 

74.1 
80.2 
86.4 

92.5 
98.7 
204.8 
210.9 
217. 1 

229.3 
241.6 

253.9 
272.3 

290.7 

309.1 

327.5 
345-9 
364.3 


lbs. 

16.6 

20.3 
24.0 

27.7 
31.5 

35-2 

38.9 
42.6 

46.4 

53.8 

57-5 
61.3 
65.0 
68.7 
76.0 
83-4 

90.7 
98.0 

05-4 
12.7 

20.0 

27.4 

34-7 
42.0 

49-4 
56.7 
64.0 

71.4 

78.7 
86.1 

93.4 

200.7 

208.1 

215-4 
222.7 

230.1 

237-5 
244.8 
252.2 

259  5 

274- 3 
289.0 

3037 
325.8 

347-9 
370.0 

392.1 

414.2 

436,3 


lbs. 

18.3 

22.6 
26.9 

31- 1 

35-4 
39-7 
44.0 

48.3 
52.6 

56.9 
61.2 

69.g 

74.1 
78.4 

87.0 

95.6 

104.2 
112.8 
121.3 
129.9 

138.5 
147. 1 

155-7 
164.3 

172.9 
181. 5 
190. 1 

198.7 
207.2 
215.8 
224.4 
233-0 

241.6 
250.2 
258.8 
267.4 
276.0 
284.6 
293.1 

301.7 

318.9 
336. 1 
353-3 
379.1 
404.8 
430.6 
4^6.4 
482. 1 
507.9 


lbs. 

19.6 

24.5 

29- 5 
34.4 
39-3 
44-2 

49  I 
54.0 
58.9 

63.8 
68.7 

78.5 

835 
88.4 

98.2 

108.0 

117.8 
127.6 
137.4 

147.3 
157.1 
166.9 

176.7 
186.5 

196.4 
206.2 
215.0 
225.8 
235-6 
245.4 

2553 
265.1 

274.9 
284.7 
294.5 
304.3 
314.2 

324.0 

333.8 
343.6 

363-2 
382.9 
402.5 

432.0 
461.4 

490.9 
520.3 
549.8 

579.3 


Digitized  by  Google 


256 


W£IGUT  OF  M£TALS. 


Table  No.  36  (amhnued). 
By  Extbrn  al  Diahvrr.  i  Foot  Long. 


Ext. 

DiAM. 


ft.  in. 

53 
56 

59 
6o 

63 

66 

69 
70 

76 

80 


TsicKinss  nr  Inoos. 


3/ 16 


cwts. 

i!oi 

1. 18 
1.23 

1.28 

»-33 
1. 38 

1.4S 
1.5S 


9/r6 


cwtt. 
1.44 
1.50 

1.55 
1. 61 

1.67 
1.73 

,  i-7» 
1.84 

1.95 

1  "-^7  I 


cwts. 

I.7I 
1.80 

I.S8 
1.96 
2.05 

2.13 
2.21 

2.29 
2.46 
2.62 


cwts 

2.06 

2.16 

2.26 

2.36 

2.45 

2.55 
2.65 

2.75 

2.95 

3*5 


2.39 
2.50 

2.62 
2.74 
2.85 

2.97 

309 
3,20 

3-43 
3.67 


cwt*.. 

2.74 
2.87 
3.00 

3- 14 
3-27 

3.40 

3-  53 
3.66 

3.92 

4-  19 


3.08 

3.22 

3.37 

3- 52 

3.66 

3-  8» 
396 
4. 10 

4-  39 
4.69 


H 


cwts. 

342 

3-58 

3-  75 

391 
4.08 

4.24 
4.41 

4-  57 
4.90 

5.23 


cwts. 

4-  09 
4.29 

4.49 
4,69 

4.88 
5.08 

5.28 

5-  47 

5.S7 

6.26 


CW1S. 

4.77 
5.00 

5-23 
5- 46 

S-^ 

592 
6.15 

6.38 

6.84 

7.3« 


cwts. 

5-43 
5.70 

596 

6.22 
0.49 

6.75 
7.01 

7.28 

7.  So 

8.33 


Thickness  in  Inouu. 


^% 

2 

2>2 

2^ 

3 

inches. 

cwts. 

cwts. 

cwts. 

cwts. 

cwts. 

cwts. 

cwts. 

cwts. 

cwts. 

0 

.401 

.520 

•557 

•592 

.052 

.701 

.740 

.701 

618 

1  780 

838 

872 

Q06 

7 

•579 

.630 

.678 

•723 

.805 

.876 

•938 

.9S2 

I  03 

.629 

.685 

.738 

.789 

.882 

.964 

1.04 

1.09 

1.15 

1. 18  1 

0 

8 

.678 

.740 

•  799 

.855 

1 

•959 

1.05 

1. 14 

1.20 

1.27 

1.32  ! 

8^ 

.727 

•794 

•859 

.921 

1.04 

I.  14 

123 

I-3I 

1-39 

ilii 

•  777 

.849 

.919 

.980 

I.  II 

1.23 

1-33 

1.42 

1. 51 

i.5*> 

U 

.826 

.904 

.980 

1.05 

I.19 

,•31 

1.43 

'•53 

1.63 

1.71 

10 

.875 

•959 

1.04 

1. 12 

1.27 

1.40 

1.53 

1.64 

1.75 

1.84 

II 

.974 

1.07 

1.16 

1.42 

1.58 

173 

1.86 

1.99 

2.10 

12 

1.07 

1. 18 

1.28 

1.38 

»-57 

1.92 

2.08 

2.23 

2^37 

13 

1. 17 

1.29 

1.40 

1.73 

I  1.93 

2.12 

2.30 

2.47 

a.63 

14 

1.27 

1.40 

'•52 

1.64 

1.88 

,  2.10 

2.32 

2.52 

2.71 

2.89  1 

15 

137 

»  51 

1.65 

1^78 

2.03 

2.28 

2.52 

2.74 

2.95 

3- 16  ' 

16 

1.47 

1.62 

1.77 

1.91 

2. 19 

2.45 

2.71 

2. 90 

3-19 

342  1 

17 

1-57 

1-73 

1.89 

2.04 

2.34 

2.63 

2.91 

3.1S 

3-44 

3-68! 

18 

1.66 

1.84 

2.01 

2.17 

2.49 

1  2.81 

3.11 

3- 40 

3.68 

3-95 

ao 

1.86 

2.06 

2.25 

2.43 

2.80 

1  3.16 

3-50 

3-83 

4.16 

4-47  1 

22 

2.06 

2.27 

2.49 

2.70 

3.11 

390 

4.27 

4.64 

S.oo  1 

24 

2.26 

2.49 

2-73 

2.96 

34> 

1  3^86 

4.29 

4.71 

5-12 

5.52 

27 

2.82 

3-09 

3-35 

387 

'  4.38 

4.88 

537 

585 

6.31 

30 

2.85 

3'5 

3- 46 

3-75 

4-33 

;  4-91 

5^47 

6.03 

6.57 

7.10 

33 

3-M 

3.48 

3.82 

4.14 

479 

1  5-44 

6.06 

6.68 

7.29 

1  7.S9 

36 

3.44 

3.81 

4.18 

4.54 

5.2s 

1  596 

6.66 

7-34 

8.01 

8.68 

39 

3-74 

4.14 

4.54 

493 

5.72 

>  6.49 

7-25 

8.00 

8.74 

947 

42 

4-03 

447 

4.90 

5-33 

6.18 

1  7.01 

7.84 

8.66 

9.46 

10.3 

4-33 

4-79 

5.72 

6.64 

8.43 

93' 

10.2 

ii.i 

% 

4.6* 

5.1a 

6.  IS 

7.10 

8.07 

9.O8 

9.98 

10.9 

II.8 

4.9a 

5-45 

598 

6.51 

7.56 

8.59 

9.61 

10.6 

11.6 

12.6 

54 

5.22 

5-78 

6.35 

6.91 

8.02 

9.12 

10.2 

"3 

12.4 

134 

6.11 

6.71 

7- 30 

8.48 

9.64 

10.8 

"2 

14.2 

6.^ 

7.07 

7.70 

8.94 

laa 

II.4 

12.6 

X3-8 

15.0 

cwts. 


1.38 
1.53 

1.69 

1.84 

I.  99 
2.30 
2.61 
2.92 

3.22 

3^53 

3-  84 
4.14 

4-  45 
5.06 

5.68 

6.29 

7.21 

8^13 

905 
9-97 

10.  Q 

II.  8 
12.7 

13-7 

14.6 

15-5 
16.4 

17.3 


1.75 
".93 

2. 10 
2.46 

2.8t 

3.16 


tie 


J- 

4.21 
4- 56 


4.91 
5.61 
6.32 
7.01 

8.06 
9.1a 

10.2 
II. 2 

12.3 
»3.3 
»4.4 
>5.4 

16.5 

17.5 
iS.t 

I9.< 
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Table  Na  86  (arnHnued), 
By  External  Diameter,   i  Foot  Long. 


Ext. 

Tmrntiw  m  iMcmt. 

1 1/ 

*/* 

4 

3 

3>4 

4 

ft.  in. 

cwts. 

cwts. 

cwts. 

cwts. 

cwts. 

cwts. 

cwts. 

cwts. 

cwts. 

cwts. 

cwts. 

cwts. 

M 

6.10 
6.40 

6.70 
7.00 

6.77 
7.09 
7.42 

7-75 

7-43 
7-79 

8.15 

8.51 

8.09 
8.48 

8.88 
9.27 

9.  AO 
9.86 
10.3 
10.8 

10.7 

II. 2 

II.8 

12.3 

12.0 
12.6 

13.2 

13.8 

133 
13.9 

14.6 

15.2 

14.5 
159 

15.8 

16.6 

18.3 

66 

69 
70 

7.29 

7-58 

7.88 

8.17 

8.08 
8.41 
8.74 
9.07 

8.88 
9.24 
9.60 
9.96 

9.67 
10. 1 
ia5 
10.9 

II. 2 
11.7 
12.2 
12.6  1 

I2.S 

»3-3 
13-9 
14.4 

14.4 
14.9 

16.1 

15  9 
10.0 
17.2 
17.9 

76 
8  0 
8  6 
90 

S.77 
9.36 

9-95 
las 

9.72 
10.4 

II.O 

II.7 

10.7 
II. 4 
12. 1 
12.9 

II. 6 
12.4 
13.2 
14.0 

13.5 

14  5 
15.4 

16.3 

15-4 

16.5 

17-5 
18.6 

17.3 

18.5 

19.7 

2a8 

19.2 
20.5 
21.8 

23- 1 

96 

10  0 

10  6 

11  0 

11.1 

11.7 
12.3 
12.9 

12.3 
130 
13.7 
14-3 

13-6 

143 
150 
15-7 

14.8 

15.6 
16.4 
17.2 

17.2 

iS.i 
19.1 
20.0 

19.6 

20.7 
21.7 
22.8 

S3.0 

23.2 
24.4 

25.6 

24.4 

25-7 
27.1 
28.4 

116 

WO 

130 
14  0 

14. 1 

15-3 
16.5 

15.0 
15-6 

16.9 

18.3 

16.5 
17.2 
18.6 
20.1 

17.9 
18.7 
20.3 
21.9 

20.9 
21.8 

23- 7 
25- 5 

23.8 
24.9 

27.0 
29. 1 

26.7 

27.9 

303 
32.7 

29.7 
310 

33-6 
36.3 

150 

16  0 

17  0 
180 

\\l 
20.0 
21.2 

19.6 
20.9 
22.2 

235 

21.5 
23.0 

24.4 

25- 9 

23-5 
25.0 

26.6 

28.2 

273 
29.2 

31.0 
32.9 

31.2 

33-3 
35-4 
37.5 

350 
37.4 

:39.8 
42.2 

38.9 

41.5 
44.2 

46.8 

19  0 

20  0 

22.4 
23.6 

24.8 
26.1 

27.^ 
28.8 

29.8 
31-4 

34-7 
36.S 

39-6 
41.7 

44-5 
46.9 

49-4 
52.0 

4 

3  
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WEIGHT  OF  METALS. 


Table  Na  87. — ^Volume  and  Weight  of  Cast-Iron  Balls. 

Given  the  Diameter. 


Diameter. 

Contents 

Wcicht. 

'  Diameter 

L  ontciUs. 

Weight. 

^  Diameter. 

Contents. 

Wcighu 

inches. 

cubic 

inches. 

pounds. 

inches. 

cubic 

inches. 

pounds. 

inches. 

cubic  feet. 

cwts. 

1 

•5^4 

.130 

Q 

JUO.  i 

19 

2.0  yO 

I. "J  J 

0/2 

32I-5 

^3-7 

^ .  4  4 

9-74 

A  in 

I  9 

J  "  •  •  7 

VV'4 

9  f 
Z  1 

2  806 

I  T  2ii 

2/2 

^  tX 
0. 1 0 

2.13 

i  I  U,C^ 

1 

3.227 

12.97 

3 

3/3 

3.00 

130.4 

23 

3.000 

1 4*  0  2 
10.03  1 

22.5 

inches. 

cubic  feet. 

cwts. 

24 

4 

33-5 

8.73 

II 

•403 

1.62 

25 

4.736 

19.03 

47-7 

12.4 

12 

.524 

2.10 

26 

5-327 

21.40 

S 

65-5 

17.0 

13 

.666 

a.68 

27 

5-963 

23.96 

87.1 

22.7 

14 

.832 

3-34 

28 

6.651 

26.72 

6 

29.5 

15 

1.023 

4.11 

29 

7.390 

29.69 

143.8 

37.5 

l6 

1. 241 

4.99 

30 

8.i8x 

32.87 

7 

179.6 

46.8 

17 

1.489 

5.98 

31 

9.027 

36,27 

220.9 

57.5 

18 

1.767 

7.10 

32 

9.930  1 39.90 

A(>/^.— To  fuid  the  weight  of  bolls  of  other  metals,  multiply  the  weight  given  in  the 
table  by  the  following  moltiplien : — 

For  Wrought  Iron   1.067,  making  abont  7  per  cent.  more. 

Steel   1.088         „  9  „ 

Brass    1.12  12 

Gun  MeUl   t.165        „         i6}i  „ 


Table  No.  88. — Diameter  of  Cast-Iron  Balls. 
GivBN  THK  Weight. 


Weight 


pounds. 

'A 

I 
2 

3 
4 
5 

6 

7 
8 

9 
10 

12 


Diameter.  Weight. 


inches. 

1-54 

1-94 

2.45 
2.80 

3.08 
33* 

3-53 

3.72 

3.89 
4.04 

4.1Q 
4.45 


pounds. 

14 
16 
18 
20 

25 
28 

30 
40 

50 

56 
60 
70 


Diameter. 


inches. 
4.68 
4.89 

5.09 

5-27 
5.68 

5.90 

6.04 
6.64 
7.16 

7-43 
7.60 

8.01 


Weight. 


pound.s. 
80 
90 
100 


Diameter.   1  Woght. 


CWlj.. 


2 

3 
4 

5 

6 

7 


inches. 

8.37 
8.71 

9.02 


inchc»>. 

9-37 
10.72 

XI.80 

13.5^ 
14.87 
16.02 

17.02 
17.91 


cwts. 

8 
9 

10 
12 

14 
16 

18 
20 

25 
30 

35 
40 


Indies 

1S.73 
19.48 

20.17 

21.44 

22.57 
23.60 

24.54 

25.42 
27.38 

29.10 

30.64 
32.03 
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Table  Na  89.»Wbight  op  Flat  Bar  Stbeu 

I  Foot  Long. 


/• 

1/ 

/I 

* 
1 

■1/ 

IK 

11m 

t 

11m. 

IhL 

11m. 

11m. 

11m 

1/ 

^. 

•333 

•743 

1.49 
1.86 

5/16 

•53' 

.798 

.800 

.929 

1.06 

1-33 

1-59 

H 

.030 

.960 

I.  II 

1.20 

1. 91 

2.23 

7/16 

•744 

93' 

I.I2 

1.30  1 

1  1.49 

2.23 

2.60 

.850 

1.06 

1.28 

1.49 

1.70 

213 

2.98 

9/16 

1.20 

1.44 

1.67 

1. 91 

2-39 

2.87 

3-35 

H 

1.33 

1.60 

1.86 

2. 12 

2.66 

3- 19 

3- 72 

1.76 

2.04  1 

1  2.34 

2.92 

^S' 

4.09 

H 

1.93 

a.33 

a.  55 

3^«9 

3-»3 

4.46 

2.41 

'  2.76 

3-45 

4.14 

4.83 

% 

2.60 

1  2.98 

3.72 

4.46 

«5/i6 

3^19 

3-98 

4.78 

S.58 

I 

1  3-40 

4-a5 

5. 10 

5-95 

Width  in  Inches. 


Width  in  InchbS. 


3 

2X 

2/4 

4 

mdm. 

11m. 

lbs. 

lb..  > 

lbs. 

Ibi. 

Ibt. 

Hm. 

1.70 

1. 91 

2.13 

2.34 

2-55 

2.76 

2.98 

3-40 

5/16 

2>3 

2.39 
2.87 

2.66 

2.92 

3->9 

3-45 

3-72 

425 

H 

3^«9 

3-5« 

4.46 

4.14 

4.46 

5.10 

7/16 

3.9I 

3- 7a 

4.09 

4.83 

5.a« 

% 

3.40 

3-83 

ll\ 

4.2c 

4.68 

5.10 

5-53 

5-95 

6.80 

9/16 

4-30 

4.78 

5.26 

5-74 

6.22 

6.69 

7.65 

H 

4.2? 

4.78 

584 

6.38 

6.91 

7-44 

8.50 

r 

4.68 

5.26 

6.43 

7.01 

7.60 

8.18 

935 

5.10 

5^74 

6.3^ 

7.01  1 

7.65 

8.29 

8.93 

5-53 

6.22 

6.91 

7.60  ' 

8.29 

8.98 

9.67 

II.  I 

6.69 

7^44 

8.18  i 

8.93 

9.67 

10.4 

"•2 

«S/i6 

6.38 
6.80 

7.17 

7.97 

8.77 

9.56 

10.4 

II.3 

13.8 

1 

7.65 

S.SO 

9-35 

il.l 

ti.9 

I3<6 

TmcnnM, 


14 

5/16 

H 
7/16 

9  lie 

H 
H 

«5/i6 


4'A 


Width  in  Inchbs. 


5 


lb>. 

3.82 
4.78 

5-74 
6.70 
7.66 
8.60 

9- 56 
10.5 

"5 

12.4 

134 
H-3 
15.3 


lb*. 

4.26 

5  32 
6.38 

7-44 
8.50 

9.56 

10.6 

II. 7 
12.8 

138 
14.9 

'5-9 
17.0 


5H 


ibk 

4.68 

SM 
7,02 
8.18 

11.7 
12.9 
14.0 

15  2 
16.4 

18.7 


Ibc 

6.^,8 
7.66 
8.93 

10.2 

"•5 

12.8 
14.0 

153 
16.6 

17.9 

19. 1 

30.4 


IbB. 

5.52 

6.00 

8. 28 
9.66 
II.  I 
12.4 

138 
152 
16.6 
18.0 

i21 
30.0 

33.1 


lb«. 

596 
7-44 
8.92 
10.4 
I1.9 
»3-4 


14.9 
16.4 

17-9 

19. 

20 
22.4 
33.8 


7^ 


lbs. 

6.38 
7-97 
956 
II. 2 
12.8 

14  3 

15-9 
>7  5 

191 

20.7 

22.3 

239 
ass 


8 


ib«. 

6.80 
S.50 
10.2 
11.9 
13.6 
15.3 

17.0 
18.7 
3a4 
22.2 
23.8 
25.6 
37.3 
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TaUe  Na  9a — Wbigbt  of  Square  Steel. 
I  Foot  in  Lbngth. 


Siie. 

Weight. 

Sue. 

Weight. 

Siie. 

Weight. 

inches. 
% 

^8 
",'.6 
^ 

",'.6 

pounds. 

■053 
.119 

.212 

•333 
.478 
.651 
.8co 

1.08 

1-33 
1.61 
1.92 

2.24 
2.60 

inches. 
■5/,6 

I  V.6 

»     1  ID 

in 

iV.« 

pounds. 
3.06 

3^40 
3.83 
4.30 

4-79 
531 

6.43 
7.03 
7-65 
8.30 
8.98 

9-79 

inches. 

I 'Vie 
2 

2}i 

2^ 

2V2 
2^ 
2% 

3 

pounds. 
10.4 
II. 2 
I  1.9  1 
12.8 
13.6 

15-4 
17.2 

19.2 
21.2 

235 

a5-7 
28.2 

30.6 

inches. 

3K 
3>< 
3^ 
4 

4K 
4J^ 

5 

sH 

6 

pounds. 

35-9 
41.6 

47.8 

54.4 
61.4 

68.9 

76.7 

85.0 

93-7 
1 03.8 

1 1 3.4 

122.4 

Table  No.  91. — Weight  of  Round  Steeu 
I  Foot  im  Length. 

Diameter. 

Weight. 

Diameter. 

Weight. 

Diameter 

Weight. 

1  Diameter. 

Weight. 

inches. 

'A 

% 
V.6 

>^ 
V.6 

"/.6 

'/< 
'V.6 

■V.6 

I 

I  V«6 

pounds. 
.0417 

•0939 

.167 

.260 

•375 

•511 
.667 

.845 
1.04 

1.27 

150 
1.76 

2.04 
2.35 

2.67 
3.00 
338 
376 
4.17 
4.60 

505 

\r 

I  v.6 

I 'V.6 

i>A 

I' V.6 

1  ■V.6 

2 

2}i 
2% 

2V2 

2  5/8 

M 

3 

3K 

3  3 -J 
3H 

pounds. 

6.01 

6.52 

7-05 

7.61 

8.18 

8.77 
9.38 

lO.O 
10.7 
12.0 
13.6 

I5-I 
16.7 

18.4 
20.2 
22.0 
24.1 
28.3 

32-7 
34.2 

inches. 

4 

4^ 

aVa 

5 

5^ 

sH 

6 

inches. 

7 

7^ 
8 

8>^; 
9 

9>2 

10 

II 

pounds. 
42.7 

48.3 

54.6 
60.3 

66.8 

73-6 
80.8 

88.3 
96.1 

CWlli 

1.007 

1. 168 

I-34I 
1.526 

1.723 

I-93I 
2.152 

2.385 
2.629 

2.884 

3.150 

12 

13 

i3>4 

14 

!  14H 

16 

17 

18 

19 
20 

21 
22 

23 
24 

cwu. 

3.433 
3.7*9 

4.039 

4.345 

4.682 

5-013 
5-364 

5-728 

6.103  1 
6.471 

6.868  j 
7.302 

7.724 
&607  1 

9-537 
10.52 

"54 
12.62 

1373 
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Table  Na  92. — ^Wbigut  of  Chisel  Steel — Hexagonal^  Octagonal^ 

AMD  OvaItFlaT. 


I  Foot  m  Lbngtr. 


i  T)i3fn^t^i' 

Hbcaoohai.  Sbctiom. 

Octagonal  Sbctiom. 

zeroes  the 
Sidea. 

SectioBsl  Aim* 

Wevht 

htngfh 
to  weigh 

I  cy^'l. 

Secdooal  Aret.  1 

Weight.  1 

Leoph 
to  weigh 

.1217 

.2165 

.3383 

.4S71 

.6631 

.414 

.736 

I-I5 
1.66 

2.25 

r  ^ 

245 

138 

88.3 

61.3 
45 

■ 

■qmn  indm. 
.1164 

.2070 

.3236 

•4659 
.6342 

pounds. 
.396 

.704 

1. 10 
1.58 
2.16 

feet. 
268 

151 
96.5 
67 
49.3 

1^ 

.8661 
1.096 

1-353 

1-637 

1.949 

1 

a.94 

3-73 
4.60 

5-57 

6.63 

34*5 

27.3 

22.5 

18.3 
153 

.8284 
.  1.048 

I  ^-294 
1.566 
1.864 

2.82 

3.56 

4.40 

532 
6.34 

37-7 
30 

24 

20 

16.8 

Oval-Flat  JSkctiom. 

inch.  inch. 

.2510 
.6974 

.853 
1.52 

2.37 

119 
67 
43 

Table  No.  93. — ^Weight  op  one  Square  Foot  of  Sheet  Copper. 

To  Wire-Gauge  employed  by  Williams,  Foster,  &  Co. 
Specific  We^ht  taken  as  1.16  (Specific  Weight  of  Wnmgfat  Iron=i). 


Weight  ofl 

1  Square 
Foot.  1 

Tfaiclcaew. 

Weight  of! 
I  Square 
Foot. 

Thkfcness. 

Weight  of 
I  .Stjuarc 
Foot. 

1  Wire- 

Inch 

Wire- 

Inch 

Wire- 

Inch 

Gauge. 

(approxi- 

pounds. 

Gauge. 

(approxi- 

pounds. 

Gauge. 

(approxi- 

pounds. 

NOl 

nste). 

Mow 

ouilc). 

No. 

awie). 

I 

.306 

14.0 

II 

.123 

565 

21 

•0338 

I.S5 

2 

.284 

13.0 

12 

.109 

5.00 

22 

.0295 

1-35 

3 

.262 

12.0 

13 

.0983 

4-50 

23 

.0251 

115 

4 

.240 

I  I.O 

14 

.0882 

4.00 

24 

.02  18 

1. 00 

5 

.222 

10.15 

15 

.0764 

3-50 

25 

.0194 

.89 

6 

.203 

930 

16 

•0655 

3.00 

26 

.017a 

.79 

7 

.186 

8.50 

17 

.0568 

2.60 

27 

•0153 

.70 

8 

.168 

7.70 

18 

.0491 

2.25 

1  28 

•0135 

.62 

9 

•153 

7.00 

19 

•0437 

2.00 

29 

.0122 

•56 

10 

.138 

6.30  j 

20 

.0382 

'•75  1 

30 

.0110 

•50 
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Table  No.  94. — Weight  of  Copper  Pipes  and  Cylinders, 

BY  Internal  Diameter. 


Lknoth,  I  Foot.  ThicknoB  by  Holtapflel't  Wiie-Gange  (Table  Na  13). 
Specific  Weights  1. 16  (Specific  Weight  ofWrougfat-Iroiizl). 


Thick- 

NtSS. 

000 

WW 

0 

3 

3 

4 

5 

P 

mm 

7 

W.  G 

.42? 

.  "WO 

.100 

.284 

.238 

.220 

.201 

.180 

Inch. 

-'  '  '  t 

'~.''^/- 

H/- 

n/33 

1  9/32/ 

'5/64/ 

'J  64 

3/16  b. 

Int 

DiAM. 

Ite. 

Ibi. 

Iba. 

lbs. 

Dm. 

Ibi. 

On. 

Ibi. 

Rm. 

I 

3- 14 

2.84 

2.33 

1.92 

1.53 

I.2I 

i.os 

.934 

.809 

.667 

% 

384 

3-49 

2.91 

2.44 

1-99 

1  1.84 

1.60 

1.41 

1.27 

1. 12 

.941 

1  AQ 

2  Ai 

1  on 

I  77 
*•  // 

1.60 

\  AX 
'•S3 

7* 

A  06 

2  QI 

'  2.71 

j 

2  10 

2. 11 

1.77 

I 

5-93 

5.42 

4.64 

3-99 

3.  .37 

3.>4 

2.78 

2.qO 

2.26 

2.04 

1.76 

H 

6.63 

6.07 

5.22 

4- 50 

3.83 

3-57 

3- 17 

2.86 

2.60 

2-35 

2.03 

6.71 

?  7Q 

J- 17 

?  02 

1    A.  00 

•J  C7 

1  22 

2  07 

2.66 

2  71 

I 

8.02 

7  16 

6  17 

W.J/ 

C  CI 

A  TA 

1  4-43 

7  C7 

7  26 

2  Q7 

2  c8 

8.71 

■  8.00 

6.95 

6.05 

5.20 

4.86 

4-35 

3-94 

3.60 

3- 28 

2.85 

1% 

9.40 

8.65 

7.52 

6.57 

5-65 

529 

4-75 

4-30 

3-93 

313 

10. 1 

8.10 

7.08 

6. 1 1 

C  72 

a.  66 

^ww 

4. 26 

10  8 

9  60 

1  6  16 

C  fit 

c  02 

J.W» 

^60 

^20 

^68 

J»WW 

iH 

10.6 

9.26 

8.12 

7.02 

'  6.59 

5-93 

5-39 

4.93 

4-51 

3.95 

12. 1 

II. 2 

9.83 

8.63 

7.48 

7.02 

6.32 

5-75 

527 

4.82 

4.22 

I  ^ 

12.8 

II  0 

10.4 

QIC 

7  01 

7  4C 

6  71 

6. 1 1 

5.60 

c  12 

A  CO 
4'  3'-' 

2 

12  C 

1 1  0 

Q  66 

8  IQ 
o.  JV 

7  88 

7  11 

6  a7 

C  Q7 

C  A7 

il.  77 

14.2 

13  2 

II. 6 

10.2 

8.84 

8.31 

7- 50 

6.83 

6.27 

5.74 

SO4 

14.9 

13.8 

12. 1 

10.7 

9- 30 

8.74 

7.89 

7.19 

6.60 

6.05 

5- 32 

K  6 

14. 1 

12  7 

II. 2 

0  7C 

Q  17 

8.29 

7.  q6 

6.04, 

6.  ^6 

5' 59 

15.1 

11.7 

Q  60 

8.68 

7.02 

7.27 

6.67 

C.86 

17.0 

13-9 

12.2 

10.7 

lO.O 

9.07 

8.28 

7.60 

6.97 

6. 14 

»7.7 

1 16.4 

14.5 

12.8 

II.I 

•  10.5 

9-47 

8.64 

7.94 

7.28 

6.41 

2^ 

18  A 
10.4 

1  /.  1 

ICO 

111 

10  0 

Q  86 

8  27 

7  CO 

6  68 

•9 

IQ  I 

*/•/ 

»  J.  w 

III 

8.61 

7  00 

6  oc 

20.4 

19.0 

16.8 

14.8 

12.9 

'  12.2 

II.I 

10. 1 

9.27 

8.52 

7.50 

3 '2 

21.8 

20.3 

17.9 

15-9 

139 

I  13- 1 

II. 8 

10.8 

9-94 

9- '3 

8.04 

3>4 

23.2 

21.6 

19. 1 

16.9 

14.8 

1  13.9 

12.6 

"•5 

10.6 

9-75 

8.59 

4 

24.6 

22.9 

2a2 

17.9 

15.7 

1  l4-« 

13.4 

12.3 

II.3 

10.4 

9.13 

4V 

25.9 

24.2 

21.4 

19.0 

16.6 

15.6 

14.2 

130 

12.0 

II.O 

9.67 

254 

22.5 

20.0 

17.5 

16.5 

150 

13-7 

12.7 

11.6 

10.2 

4^^ 

28.7 

26.7 

23- 7 

21.0 

18.4 

17-4 

15.8 

14.4 

13-3 

12.2 

10.8 

5 

30.1 

2S.0 

24.8 

22.1 

19.3 

18.2 

16.6 

15.1 

14.0 

12.8 

'1.3 

5^ 

29- 3 

26.0 

23.1 

20.2 

19.1 

»7.3 

159 

14.6 

13.5 

II. 9 

S'A 

32.8 

30.6 

27. 1 

24.1 

21.  I 

20.0 

18. 1 

16.6 

15-3 

14. 1 

12.4 

5H 

34-2 

3>-9 

28.3 

25.2 

22.  I 

20.8 

18.9 

»7-3 

16.0 

14.7 

12.9 

6 

33.a 

29.5 

26.2 

23.0 

21.7 

19.7 

18.0 

16.6 

15-3 

13.5 
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Table  No  94  {coftHmud). 


LtHGTH,  1  Foot.  ThidnieM  bjr  Hdtapliiel's  Wiie*Gaiige  (Table  No.  15). 

Specific  Weight = 1. 16  (Specific  Weight  of  Wrought  Iron=  i). 


TmcK- 

II  Ms. 

W.  G. 

8 

9 

10 

XI 

12 

13 

\  

14 

15 

z6 

17 

18 

19 

20 

Inch. 

.165 
1 1/64  ^ 

.148 

•  134 
9/64 

.120 

.109 
7/64 

•095 

.083 
5/64/ 

.072 
5/64^ 

.065 

.058 

.049 

.042 
3/64* 

■035 

IKT 
DtAM. 

tnclics. 

^^^^^ 
lb*. 

lbs. 

tbi. 

lbs. 

lbs. 

Ibft. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

Um. 

lbs. 

4 

% 

.581 
.032 
1.08 

I  33 

.491 

.710 
.941 
1.17 

.422 

.  0^0 
.830 
1.03 

.357 

•540 

.722 

.904 

.310 

.47b 
.641 

.807 

.254 

■390 

■543 
.687 

.210 

1  •330 
.462 

.55^ 

.>73 
.202 

•39» 
.500 

.150 
.249 

.348 

•447 

.129 

.217 

•305 

•393 

.104 

.  1 7  0 

•253 
•327 

.086 

.149 
2»3 

.277 

.068 

.121 

•'75 
.228 

H 

H 

I 

1.^8 

I  03 
2.09 

a- 34 

I  39 

1 .  \jZ 

1.84 
2.05 

1.24 
1.44 
1.65 
1.85 

1.09 

1*27 

1.45 
1.63 

.972 

1. 14 

1.30 
1.47 

.831 

•975  1 
1. 12  1 

1.26 

.714 

1  . 040 
.966 
i  1.09 

.610 
.719 
.828 

.938 

•545 
.044 

.743 
.842 

.481 

•^70 
.658 
.746 

.402 
.470 

•550 
.625 

•341 

.404 
.408 

53* 

.281; 

•3^7 
•440 

« 1/ 

3.04 

309 
3-34 

2.27 

••49 

2.72 

2.94 

2.05 

2.46 
2.67 

1.82 

2.00 

2.18 
2.36 

1.63 

I>00 

1-97 
2.13 

1.41 

■•55 

1.70 

1.84 

1.22 

1  ••34 

1.47 
1.60 

1.05 

10 

1.27 

1.38 

.940 

1. 14 
1.24 

.834 
.922 

I. 01 

I.  10 

.699 

•774 

.848 

.922 

•596 

.059 

■723 
•787 

•493 
•  547 

.600 

•653 

,  *  '4 

i  iH 

1 « 

3-  59 

4.09 

4-  34 

3.17 

3-39 
3.62 

384 

2.87 

3- 07 
3.28 

3.48 

2.55 

2.73 
2.91 

309 

2.30 

2.46 
2.63 
2.79 

1.99 ! 

2>3 

2.27 
2.43  1 

1.72 

■  fir 

i.»5 

1.97 
2.10 

1.48 

'•59 
1.70 
1.81 

1.34 

1-43 

153 
1.63 

I.  19 

1.27 

1.36 
1.45 

•997 
1.07 
1.15 
1.22 

.851 

•915 
.978 
1.04 

.706 

•759 
.812 
.865 

4-  59 

4.04 
5.09 

5-  34 

4.07 
4.29 
4.52 

4-74 

369 

4.09 
4.30 

327 

3-45 
364 
382 

2.96 
3.12 
329 
3-45 

2.56 

2  71 

2!85 
3.00 

2.23 

2.35 

2.48 
2.60 

1.92 
2.03 
2.14 
2.25 

1-73 

I  Ht 

1.03 

193 

2.03 

1-54 

I  A? 
*  03 

1. 71 
1.80 

1.29 

».4S 
153 

I. II 
1.17 

'•23 

1.30 

.919 

.972 

i.oi 

2% 

3 

5.59 

6.09 
6.34 

4.97 

5-  '9 
542 
5.66 

4,50 

ATI 
4.91 
5.11 

4.00 

A  iR 
4.  '  0 

4-37 
4-55 

362 

3*79 

3-95 
4. 12 

3- 14 

3.28 

3-43 
3-57 

2.73 

2.86 
2.98 

3" 

2.36 

2.4/ 

2.58 

2.69 

2.13 

2.  zz 

2.32 

2.42 

1.89 

I .  •_/o 
2.07 
2. 16 

1.60 

1 

1 . 00 

'•75 
1.82 

1.36 

'•43 
1.49 

'•55 

1. 13 

t  t  ft 
1  •  10 

1.24 
1.29 

1% 

4 

6.85 

7.85 
«.35 

6. 1 1 
0.56 
7.01 
7.46 

5-52 

6.33 
6.74 

4.91 
5.28 

5.64 
0.0] 

445 

4-  78 
5.11 

5-  44 

3.86 
4.15 
4.44 
4-73  1 

3-36 
3.61 

3-87 
4.12 

2.91 
3.12 
3.34 
3.56 

2.62 

2.82 
3.01 

3.21 

2-33 
251 
2.68 

2.86 

1.96 
2.  II 
2.26 
2.41 

1.68 
1. 81 
1.94 
2.06 

1.40 
1.51 
1.62 

173 

4V 

5 

8.85 

9  35 
9«5 
io-4| 

7.91 

8.36 
8.81 
9.26 

7.14 

7.55 
7.96 

8.36 

6.37 

6.74 
7. 10 

7.46 

5-77 
6. 10 

6.43 
6. 77 

502  4-37 
S.30  li  4.62 
5-59  4.87 
5.S8  5.13 

3.78 

4,00 

4.22 
4-44 

341 

3-6i 
3.80 
4.00 

3^04 

3-21 

3-39 
3- 56 

2.56 
2.71 
2.86 
3.01 

2.19 
2.32 

2-45 
257 

1.84 
1.94 

2.05 
2.16 

10.9 
II. 4 
11.9 
ia.4 

Q.71 
10.2 
10.6 
II.I 

8.77 
9.18 

9-5^ 
9-99 

7.83 
S.19 

8. 56 

8.92 

7. 10 

7-43 
7.76 

8.09 

6.17  1 
6.46 

6.75  1 
7.04 

538 

5.63 
5.88 

6.14 

4.66 
4.88 
5.09 

5.3» 

4.20 

4.40 

4-59 
4-79 

374 
3- 92 
4.09 
4.27 

3-15 

3- 30 

345 
3.60 

2.70 
2.83 
2.96 

3.09 

2.27 

2.38 
2.48 
2.58 
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Table  Na  94  (conHmud\ 


Lbngth,  I  Foot.   Thickness  by  UolUipfiel'ft  Woc^ugs  (Table  Na 
Speci6c  Weight= 1.16  (Specific  Wd^  of  WroughMrmis  i). 


Thick - 

1 

! 

KISS. 

0000 
www 

00 

V 

f 

2 

3 

4 

c 
5 

7 

w.c. 

•454 

•4-5 

•  3^ 

•  340 

.300 

.284 

•259 

.238 

.220 

.203 

.180 

I  NTH. 

26/64 

>'-s  / 

'^'  •'64  /. 

/4  ./• 

»5/64/ 

"  ■  t 

Int. 

Dl  \M 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

n». 

Ite. 

lU. 

llM. 

Ibc 

Ifaa. 

iJichcs. 

(>% 

38.4 

35-8 

31.8 

28.3 

26.6 

19-5 

18.0 

17.8 

14.6 

7 

41. 1 

38.3 

34-1 

25" 

22.8 

3a9 

19.3 

157 

40.0 

^6.4. 

12.4. 

28.4 

28.6 

22.4 

20.6 

16.8 

V' 

46.6 

43-5 

38.7 

34.5 

30.3 

26.0 

23.8 

22.0 

2a2 

17.9 

9 

52.1 

48.7 

43^  3 

38.6 

33-9 

32.0 

29.1 

26.7 

24.6 

22.7 

20.1 

10 

57-7 

53-8 

479 

42.7 

37-5 

32.3 

29.6 

273 

25.2 

22.2 

63.2 

^2. 

46.8 

4.1.2 

12.  c 

27  7 

24.A 

12 

68.7 

64.2 

57.2 

51.0 

44.8 

38.6 

35.4 

3a.7 

30.1 

26.6 

13 

74.2 

693 

61.8 

55^i 

48.5 

45.8 

41.7 

38.3 

35-3 

32.6 

28.8 

14 

79-7 

74.5 

66.4 

59^2 

52.1 

49.3 

44-9 

41.2 

38.0 

35.1 

31-0 

8s. 2 

70. 6 

71. 0 

65.4 

i  ^2.7 

48.0 

AA,  I 

40. 7 

17.6 

11.2 

16 

90.7 

84.8 

75.6 

67.7 

59-4 

I  56.2 

51.2 

46.9 

43*4 

4ao 

35^ 

17 

96.3 

90.0 

80.2 

71.8 

63.0 

59.6 

54.3 

49.8 

46.0 

42.5 

37.5 

18 

IOI.8 

95-1 

84.9 

76.0 

66.7 

63.1 

57.4 

52.7 

48.7 

45.0 

39-7 

19 

*07-3 

100.3 

89^  5 

80.1 

703 

66.5 

60.6 

55.6 

514 

47-4 

41.9 

20 

II2.B 

»o5-5 

94.1 

84.2 

74.0 

70.0 

63.7 

58.5 

54.0 

49.9 

44.1 

21 

11S.-5 

1 10.7 

98.7 

*88.3 

77.6 

73-4 

66.9 

61.4 

56.7 

52.4 

46.3 

22 

123.8 

1 15.8 

1 03- 3 

92.5 

81.3 

76.9 

70.0 

64.3 

594 

54-9 

48.5 

23 

1293 

120.9 

107.9 

96.6 

84.9 

80.3 

73.* 

67.2 

02.1 

50.7 

a* 

134.8 

1 26. 1 

112.6 

ioa6 

88.6 

}  83.8 

1^1 

Tai 

64.7 

59.8 

52.9 

36 

146.0 

136.4 

121.8 

10S.8 

95-9 

90.7 

82.6 

759 

70.1 

64.7 

57.2 

28 

157.2 

146.7 

131. 0 

1 17. 1 

103. 1  j 

1  97.6 

89.0 

81.7 

75-4 

69.7 

61.6 

30 

168.4 

157.1 

140.2 

125.4 

1 10.4 

104.5 

95-3 

87.5 

80.8 

74-6 

66.0 

32 

179.6 

167.4 

M95 

»33-t^ 

117.7 

III. 4 

IQI.6 

93.3 

86.2 

79.6 

70.4 

190.7 

177.7 

158.7 

141.9 

125.0 

118.3 

107.9 

99.1 

74-7 

3^ 

201.9 

tSS.o 

167.9 

i5o.» 

«32.3 

125.2 

1 14.2 

104.9 

96.9 

89.S 

79.1 
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WEIGHT  OF  COPPER  PIPES  AND  CYLINDERS. 

Table  No.  94  (amiinued). 

Length,  i  Foot.   Tluekneas  by  HoIttapflePs  Wire-Gauge  (Table  Na  13)1 

Specific  Weight  — 1.16  (Specific  Weight  of  Wrought  Iron— i). 


365 


Tmick* 


7 


lbs. 

14.4 
15.4 


II 
la 

ii 

18 

ao 

21 
aa 

23 

i4 

26 
28 

30 
3a 

34 
36 


8 


.165 


/<4^  9/«4/  9/64^ 


.148 


lbs. 

12.0 
12.9 
13.8 
14.7 


10 


134 


16.5 
18.2 
22.4  20.0 
24.4  21.8 

26.4  23.6 
28.4  '  25.4 
3Q.4  j  27.2 
32.4  29.0 


34-4 
36.4 

40-4 


30.8 

32.6 

34^ 

36.2 


42.4  38.0 

44.4  39.8 

46. 4  41.6 

48.5  I  43-4 

52-5  470 
56.5  1  5a6 
6a5  1  54.2 

64  5  57.8 
68.5  61.4 
72.5  65.0 


% : 


lbs. 

10.8 
11.6 
12.47 

13-  2 

14-  9 
16.5 
i8.T 
19.S 

21.4 

23.0 
24.6 
26.3 

27.9 
29.5 
31.2 
32.8 

36.0 

37-7 
39-3 

42.6 
45.8 
49.1 


II 


.120 


\\m. 

9.65 
10.4 
II.I 
II.8 

lii 

16.2 

17.7 

19. 1 

20.6 

22.1 
235 

25.0 
26.4 
27.9 

29.3 


12 


38.1 
41.0 

43.9 

46.8 

49.8 
52.7 


.109 
7/d4 


Ibt. 


X3 


•095 


8.75  7.61 
9.42  8. 19 
10. 1  '  8. 77 

10.7*  9  .34 


14 


.083  J  .072 

iM  5/ 64  A 


lbs. 

6.64 
7.14 

7^5 
8.  IS 

ia$  91 16 
13.4  I  II. 7  10.2 

14.7  '  12. s    1 1.2 

16.0  14.0  12.2 


12.1 


15 


i§.7 
20.0 

21.3 

22.7 
24.0 

25- 3 
26.6 


30.8  27.9 

32.3  29.3 

33-7  30  6 

35-2  319 


16.3 
17.4 
18.6 

19.7 
20.9 
22.0 
23.2 


13.2 
14.2 

16.2 

17.2 
18.2 
19.2 
20.2 


24.3  21.3 

255  22.3 

26.7  23.3 

27.8  24.3 


34.6 
37.2 
39.9 

42.5 

45 1 
47.8 


30.1 
32.4 

34-7 

370 
39-4 
41.7 


26.3 

28.3 
30. 3 
32-3 
34.4 
36.4 


lbs. 

5.75 
6.19 
6.63 
7.06 

7-94 

8.81 

f  >.  f  >9 
10.6 

1 1.4 

12.3 
132 
14. 1 

14.9 
15.8 
16.7 
17.6 

18.4 

193 
20.2 
21. 1 

22.8 
24.6 

26.3 
28.  I 

29.8 
31-6 


16 


.065 


lbs. 

5- 19 

5.58 
5.98 

6.37 


17  18 


.058 


/16*  3/64/  3/d4* 


Ibft. 

4.62 

4-  97 

5-  33 
5.68 


.049 


n». 

390 
4.20 

4-49 
4-79 


7.1616.38  5.39 

7-95  7.08  5.98 

8.74  7.79 '6.58 

8.49 


9.53 

10.3 
II.I 
11.9 
12.7 

13.5 

143 
15.1 

15-9 

16.6 
17.4 
18.2 
19.0 

20.6 
22.2 

23- 7 
25-3 
26,9 

28.5 


9.20 
9.90 
10.6 
11.3 

12. 1 
12.7 

13-4 
14. 1 

14.8 

155 
16.2 

16.9 

18.4 
19.8 
21.2 
22.6 
24.0 
25.4 


7.18 

7-77 

8.37 
8.96 

9.56 

10.2 
10.7 

11.3 
11.9 

12.5 

13- 1 

13.7 
U-3 

155 
16.7 

17.9 

19.1 

20.3 
21.5 


19 


ao 


.042 


Ibt. 

3.34 
3.60 

3.85 
4.10 

4.61 
5.12 

5-63 
6.14 

6.65 
7. 16 


lbs. 

2.80 

3-  23 
3.43 

3.86 
4.28 

4-  70 

5.13 

5-  55 

598 


7.67 

6.40 

8.18 

6.82 

8.69 

7.27 

9.20 

7.69 

9.71 

8.12 

10.2 

8.54 

lar 

8.96 

1 1.2 

9-39 

II. 8 

9.81 

12.3 

10.2 

»3-3 

II.I 

M-3 

II. 9 

15-3 

12.8 

16.3 

136 

17.4 

14.5 

18.4 

15.3 
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WEIGHT  OF  METALS. 


Table  Na  95. — Weight  of  Brass  Tubes, 

BY  EXTERlf  AL  DiAMBTZR. 


Length,  i  Foot.    Thickness  by  Holtzapffers  Wire-Gauge  (Table  No.  13). 
Specific  Wdght=i.ii  (Specific  Weight  of  Wrought  lroa=i). 


Thick- 
W.  G. 

15 

x6 

17 

18 

X9 

20 

2X 

22 

23 

24 

25 

Xmcm. 

.072 

«o65 
t/16/ 

.058 

.049 

3/«4/ 

.042 

.032 
«/3« 

.028 

.025 

.022 
«.4/«4 

.090 

DlAM. 

inches. 

lbs. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

% 
S/i6 

.201 

.187 

.087 
.130 
.172 

.070 

•"5 
.150 

.072 
.102 

.I3« 

.037 

.062 

.088 
"3 

.035 

.058 

.081 
.104 

.031 

.052 
.072 
.09a 

.029 

.047 

.083 

.026 
.042 
.058 
.074 

.024 

.039 

:^ 

7/16 
9/16 

•255 
.T,o6 

•358 

.411 

.234 
.281 

.329 

•376 

.214 
.2^6 

.298 
.340 

.186 
.221 

.257 
.293 

.163 

•  »93 

.224 

.254 

.138 
.164 

.189 

.215 

.128 

.174 
^197 

•»»3 
•'33 
.154 
.174 

.102 
.120 

•  138 
.156 

.090 
.106 
.122 
.138 

.0S2 
.097 
.III 
.126 

»3/t6 

-463 

•5»5 

.567 
.620 

•423 

.470 

•  517 

•5  ^'4 

.382 
.424 

.467 

.509 

.328 

.304 

.399 
.435 

.285 

.340 

.376 

.240 

.265 
.291 
.316 

.221 

.244 
.267 
.290 

.194 

.215 

•235 
•255 

.174 

.  192 
.211 
.229 

.154 

.ISO 

.202 

.141 

•»55 
.170 

.184 

"< 
>5/i6 
I 

lyi 

.672 
.724 

■-r  •* 

/  / 
.881 

.611 

.658 
.706 
.801 

.551 
•593 

.635 
.719 

.471 

.506 

•542 
.613 

.407 

■437 
.468 

.529 

•342 
•367 

•393 
.443 

.314 

.337 
.360 

.407 

.276 
.296 
.316 
•357 

.247 

.265 
.283 
.320 

.218 
.234 

.250 

.282 

.199 

.238 
.257 

.986 
1.09 
1.20 

.896 

.991 
1.09 

.972 

.6S4 

.755 
.827 

.590 
.651 
.712 

.494 

.545 
.596 

•453 
.500 

.546 

.398 
.439 
.479 

•356 
•39a 
•429 

.3H 
.346 

.378 

.286 
.344 

W.  (  , 

9 

10 

XX 

12 

13 

Z4 

15 

16 

»7 

x8 

Inch. 

.148 

.»34 
9/64 

.120 

.109 
7/64 

.095 

.083 

5/64/ 

.072 
5/64 

.065 

.058 
1/16  6. 

.049 
3/64/ 

.042 
3/64  ^. 

j  DlAM. 
inches. 
I>4 

lbs. 

1.90 

Z.  I  A 

2-33 
2.54 

n». 

1.74 

2.13 
2.32 

lb*. 

1.58 

1.94 
2.12 

Hm. 

1-4$ 
I  Oo 
1.76 
1.92 

Ibt. 

t.28 

I  At 

1  i-SS 
\  <-69 

lbs. 

1. 13 

1-37 
1.49 

.986 
001 

1.20 
1.30 

Ibi. 

.896 
.001 

\2 

lb*. 

.804 
.888 
.972 
1.06 

lbs. 

.684 

'  /jj 
.827 

.898 

Iba. 

.590 

.  ( )  >  I 
.712 

.773 

3 

2.76 
2.97 

3- 19 
340 

2.52 
2.71 
2.91 
1  3- 10 

2.30 
2.47 
2.65 
2.83 

2.08 
,  2.24 

2.39 

1.S3 

1.97 
2. 10 
2.24 

1  1. 61 

1.85 
"•97 

1.40 

I.61 
1.72 

1.28 

1-37 
1.47 

1.56 

1. 14 

1  I  23 

1  »-3i 
1.39 

.060 
1.04 
I. II 
I.18 

•^34 
.956 

t.02 

2H 

3- 62 

3.83 

4.U4 

1  3  30 
1  3-49 
369 

1 

3.01 
3- 19 
3-37 

2.71 
3.86 
3.02 

2.38 
2.52 
2.66 

2.09 
2.21 

2.33 

1. 82 

1.93 
2.03 

1.66 
I.S5 

1.48 
1.56 
1.65 

1.25 

1.33 
1.40 

1.08 
1. 14 

i.ao 
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WEIGHT  OF  BRASS  TUBES.  267 

Table  No.  95  (continued). 


Length,  i  Foot.   Thickness  by  HolUapffd's  Wire-GMge  (TaUe  No.  13). 
Specific  Weights  Ml  (Specific  Wei^t  of  Wroi^t  Iron-i). 


Thick- 
ness. 
W.G. 

3 

4 

5 

6 

7 

8 

9 

10 

XX 

• 

xa 

13 

Inch. 

.259 

.238 

.220 

.203 

.180 

3/16  b. 

.165 

.148 

9/64/ 

•134 

.  120 

.  109 
7/64 

.095 
3/3, 

1  DiAM. 

inches. 

•  US* 

IU9* 

lbs. 

11m. 

11m. 

11m. 

3 

2% 
2% 
2H 
2% 

5.62 

5  99 
6.37 
6.75 

4.87 

5-22 

5-57 
5.91- 
6.26 

4-  55 
4.87 
5.19 

5-  5» 
5.83 

4.24 

4-54 

4»3 

5»3 
5.42 

3.80 
4.07 

4-33  • 

4-59 

4.85 

352 

3- 76 

4.CX3 

4.24 
4.48 

3- 19 

3.40 

3.62 

3-^3 
4.<H 

2.91 
3. 10 

3- 30 
3-49 
3.09 

2.65 

2.83 
3.01 

3»9 
3.37 

2.39 

2.55 
2.71 

2.86 

3-02 

3.10 

2.24 

2.38 
2.52 

3.66 

2H 
2H 

»H 
3 

7.12 
7.|o 

sias 

6.60 
6.95 

7- 30 
7.64 

6.14 
6.47 
6.79 
7.11 

5- 72 
6.01 
6.31 
6.60 

5.38 
5.64 

5.90 

4.72 

1  496 
'  5.20 

5-44 

4. 26 

4-47 
4.69 

4.90 

3.88 
4.07 
4.27 
4.46 

3-55 
3-73 
391 
4.09 

3.18 

3-34 

3- 50 
3.66 

2.79 

2.93 
307 
3.21 

■  zH 

4 

9.01 
9.76 

IO-5 
III 

8.33 
9.02 

9.72 

7-75 
8.39 
903 

Q  67 

7.19 

7.78 

8.37 
8.96 

6.43 

6.95 

7-47 
8  00 

592 

0.40 

6.88 

5.49 

6.07 

6.65 

4.85 

5-24 

563 
6  02 

4.43 

4.78 
5.12 

398 

4-30 
4.61 

3-48 

3-76 
4.04 

■  aH 
!  aH 
5 

12.0 

12.8 

135 
14.3 

II. I 
II.8 
12.S 
13.2 

10.3 
10.9 

II. 6 
12.2 

9-55 
10. 1 

10.7 

II.3 

8.52 
9.04 
956 

lai 

7.83 

8.31 

i  8.79 
9.27 

7.82 
8.41 
8.99 
9.57 

6.41 
6.80 

7.19 
7.58 

5.80 

6.49 
6.83 

525 

sis 

6b  ao 

4-  59 
4.87 
5.14 

5-  42 

5^ 

5V 
6 

15.0 

15.8 
16.5 

»7-3 

13-9 
14.6 

15.3 
1  «5-9 

12.9 

13.5 

14. 1 

1  14.8 

11.9 
12.5 
13  I 

to.6 

II.  I 
11.7 
12.2 

9-75 
10.2 

10.7 

1"" 

10.2 
10.7 

"•3 
11.9 

7-97 
8.36 

8.75 
9.14 

7.17 

7-52 
7.86 

8.20 

6.51 
6.83 

715 
7.46 

5-69 

5-97 
6.25 

6.52 
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WEIGHT  OF  METALS. 


Table  Na  96. — Weight  op  One  Square  Foot  op  Sheet  Brass. 


Thickness  by  H61tzapffisU*s  Wire-Gauge  (Table  No.  13). 


Tbicknesk 

Weight  of  [ 
z  Square 
PooC 

Thicknos. 

Weight  of 
1  Squaie 
Pooc 

Thickness. 

Weight  of 

I  Square 
Foot. 

No.  W.G. 

inch. ' 

pounds. 

No.  W.G. 

inch. 

pounds. 

No.  W.G 

inch. 

pounds. 

3 

•259 

10.9  1 

II 

.120 

5-05 

.042 

1.77 

4 

•238 

lO.O 

12 

.109 

4-59 

ao 

•035 

1.47 

5 

.220 

9.26 

13 

.095 

4.00 

21 

.032 

1-35 

6 

.203 

8-55 

14 

.083 

3*49 

22 

.028 

i.x8 

7 

.180 

7.58 

15 

.072 

3.03 

«3 

.025 

1.05 

8 

.165 

6-95 

16 

.065 

2.74 

24 

.022 

.926 

9 

.148 

6.23  1 

17 

.058 

2.44 

25 

-  .020 

.842 

10 

.134 

5-64  j 

18 

.049 

2.06 

Table  97. — Size  and  Weight  of  Tin  Plates. 


Marie* 

Siae  of  Sheets. 

Number 
of  Sheets 
is  a  Box. 

Weight 
per  box. 

IC 
IX 

IXX 

IXXX 

IXXXX 

inches,  inches. 
14  X  10 

if  9t 
J»  ft 

ft  n 

>»  »> 

sheets. 
225 

tt 
tt 
tt 

>> 

pounds. 
112 
140 

161 
182 

203 

SDC 

SDX 

SDXX 

SDXXX 

SDXXXX 

15    X  II 

})  )) 
>»  ff 
»»  n 

*9  ft 

200 

>» 
if 
tt 
tt 

168 
189 
210 
231 
252 

D  C 
D  X 
DXX 
DXXX 
DXXXX 

17  X  I2>^ 
>»  >j 

)>  M 
>»  »> 

tt  9t 

100 
fy 
}> 
>» 
tt 

98 
126 

147 
168 

169 
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Table  No.  98. — Weight  of  Tin  Pipes, 
As  mukn&ctnved. 


I  FOOT  IN  LBNGTR. 


Diameter 

Thicxmiss. 

Diameter 

Estemallv. 

'  ;:irh. 

inch. 

inches. 

lU. 

Iba. 

'A 

.148 

5-04 

I 

.384 

.472 

567 

.620 

.787 

6.30 

.856 

T.103 

3 

6.93 

1.095 

1.417 

sA 

7-56 

1.328 

1.732 

8.19 

1.564 

2.047 

2 

1.802 

2.362  j 

Table  No.  99. — Wbight  op  Lead  Pipbs. 

As  manufacturecL 


1 

1 

1 

<  Bote. 

1 

1 

Wbicut  aku  THitKNKss  OF  Pin. 

Calcu- 
lated 
Thick. 

Calcu- 
lated 
Thick. 

Weight 

C"-alcu- 
iated 
Thick- 

Calcu- 
lated 
Thick. 

1'  ■  ■■ 

}i 

H 
H 

I 

n 

On. 

14 

24 

36 

inch. 
.097 

.112 
.136 

Um. 
16 

>7 

28 

42 

inch 
.112 
.101 

.147 
.156 

lbs. 
18 
21 

32 
56 

inch. 
.124 

.121 
.181 
.200  ' 

lb*. 
22 

30 
36 
64 

inch. 
.146 
.140 

•215 
.225 

» 

12 

» 
»» 

36 

48 
72 

.139 
.156 

.178 

1 

7» 
84 

.160 
.179 
.199 
.204 

48 
72 

84 
96 

.180  1 
.224 
.228 
.231 

52 
84 
96 
112 

•193 

•257 
.256 

.266  » 

3 

.3>6 
1  4 

1 

10 

>» 
19 
>» 

1 

1  84 

.200 

96 

112 
130 
170 
I  70 

.227 

.218 

.225 

.257 
.232 

IZ2 

140 

160 
220 
1  220 

.261 

.275 
•273 
.327 
•295 

s 
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Table  Na  loa— English  Zmc  Gauge.   {Landm  Zinc  MUh,) 


Gauge 
No. 


Ap-. 
proxi- 
mate 


i,oooths 
of 


Fool. 


Approximate 
w  --u.  Number 
of  Sheets 
per  Sheet. 


X 

on. 

.001 

a 

.006 

•3 

.007 

A 

aM 
f  /* 

.cx)8 

c 

.010 

1 

.011 

7 

77i 

.013 

8 

9 

.015 

9 

10 

.017 

lO 

iiH 

.019 

ZI 

13 

.021 

la 

«5 

.03S 

13 

17 

.028 

14 

19 

.031 

»5 

22 

.036 

i6 

25 

.041 

17 

28 

.046 

x8 

31 

.051 

«9 

35 

•059 

ao 

39 

.065 

ai 

43 

.07a 

7  Fcxa  Ft.  8  Ins. 


Approximate 

\xr  •       I  Number 


10 


3^»3  ] 


7 
9 
10 


»4 

I 

8 


II  zz 

13  7 
IS 
17 


427 
394 


143 

124 

83 
74 
64 


7  Feet  X  J  !•  cet. 


Weight 
per  Sheet. 


lbs. 


4  IS 

6  4 

7  9 

8  14 

10  3 

11  13 

13  3 

15  2 

17  I 

19  ZI 

22  5 

24  IS 

a8  14 


13 

12 
II 


40 

45  IS 

«  3 

5^  7 


aa7 

180 
148 
ia6 

no 

95 

»5 

74 
66 

57 

50 

45 

39 

34 

30 
28 

84 


8  Fe«tX3  Feet. 


Approximate 

Number 
of  Sheets 
inioCwts. 


lbs.  oa. 


zo 

2 

III 

II 

10 

96 

13 

8 

83 

«S 

0 

75 

17 

4 

65 

19 

8 

57 

8 

50 

8 

44 

8 

39 

33 

0 

34 

37 

8 

30 

42 

0 

27 

46 

8 

24 

52 

8 

21 

8 

19 

8 

«7 

Cause 
No. 


I 
2 

3 
4 

5 
6 

7 
8 

9 
10 
II 

12 

13 

14 

15 
16 

17 
18 

19 
ao 
ai 


E  t> 


41 

38 

37 

34 
3» 
3P 

29 

28 

27 
25 
24 
23 

33 

ai 

ao 

It 


x6 
«5 


5/i<-<f^j  thfcJUr  than  above  are  roiled  to  Birmingham  Wire  Gauge. 

Table  No.  iooa.— "VM"  Zinc  Gauge.  (yuaU-Montagne), 


I 
a 
3 
4 


I 

r  I 


9 
10 
II 

13 

»4 

:i 

!! 

»9 

22 

a3 
«4 


Apmoiimate 
TUckam. 

1 


Th 

of  .'III 

Inch. 


-  -  * 


On  004 

.006 

.007 

.oto 
.011 
.013 
.015 

.018 

.020 
.02  ^ 

.026 

.03a 

.038 

.04I 

.053 
.058 
■063 
.070 
•'77 
.084 
.091 
.098 


o.  100 
.141 

.171 

.  V09 

•247 
.391 

•337 
.386 
.450 

.500 

-580 

74'-' 

.950 
1.080 

t.aio 
1.340 
1.470 
1.600 
T.780 
1.960 
a.  1 40 
3.390 
a.  500 
«.68o 


Approxunalc 
WelKtitMr 
SquHTtFoM. 


Lbs- 


Oa. 


10 
It 

13 
'5 

2 

5 
8 
II 

»4 

I 

4 

8 
12 
I 

5 
9 
»3 


Drill'. 


5 
4 
15 

»3 
II 
1 1 
13 
14 
5 
7 
5 
2 

X5 

13 
13 
13 
It 
II 
II 

to 

12 

M 
I 

3 
5 
7 


36  Ins.  X  73  Ins. 


Approximate 
\V  t  ight  of  Sheeu 


U.S.  0.:s. iDru.'. 


ax 


1 


aboot 


36  lai.  xa4  Ins. 


^  AjWWtWlBMtf 

W^gtitefSliee.^ 


LU. 


On. 


Dnns. 


^5- 


36  Ins.  X  96  lac 


Wrijjht  of 
Sheet*. 


V.h^-..  \  Oa. 


I 


Dn. 


£5- 


[I 


.iiid  i  are  only  rolled  to  order  and  special  dimcnaioas. 


4 

5 
6 

7 
8 

9 
II 
12 

M 
17 
«9 
31 

34 

27 

31 

34 

37 
41 
45 

50 
55 
59 
64 
69 


6 

M 

249 

5 

3 

II 

213 

5 

14 

6 

10 

?o4 

6 

S 

I 

»75 

5 

i 

6 

6 

172 

7 

7 

7 

147 

8 

6 

146 

8 

1  2 

7 

I  20 

10 

II 

8 

136 

10 

I  2 

108 

II 

10 

IS 

12 

110 

1 1 

10 

6 

if 

«3 

5 

9 

10 

II 

13 

8 

9 

t5 

7 

»1 

14 

»5 

3 

73 

»7 

3 

I  ■■; 

1  u 

74 

»7 

7 

9 

63 

»9 

»5 

4 

^5 

»9 

13 

10 

5«S 

aa 

II 

0 

14 

57 

1 1 

35 

6 

I 

8 

52 

-'4 

9 

;; 

4> 

28 

a 

7 

8 

4? 

28 

8 

>  ' 

I'l 

8 

39 

33 

7 

12 

34 

37 

2 

3 

6 

35 

36 

5 

7 

30 

4t 

8 

8 

6 

3» 

40 

7 

27 

46 

«4 

6 

29 

44 

4:^ 

7 

35 

SO 

8 

3 

4 

27 

33 

54 

»S 

13 

8 

24 

s ; 

7 

1 2 

31 

6t 

3 

7 

^8 

14 

6 

«9 

67 

5 

3 

2 

6 

5 

«7 

7} 

9 

»3 

16 

1 S 

69 

19 

>5 

16 

79 

1 2 

7 

10 

»7 

75 

3 

9 

»5 

85 

»5 

I 

»4 

16 

80 

10 

3 

'4 

9» 

9 

8 

»87 

8 

>53 

8 

129 

8 

no 

8 

7« 

8 

64 

8 

55 

49 

8 

43 

39 

34 

30 

8 

27 

8 

•4 

8 

ao 

18 

t6 

8 

«5 

8 

»4 

8 

13 

8 

la 
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FORCES  IN  EQUILIBRIUM. 
Solid  Bodies. 

Parallelo^ani  of  Forces. — WTien  a  body  remains  at  rest  whilst  being  acted 
on  by  two  or  more  forces,  it  is  said  to  be  in  a  state  of  equilibrium,  and  so  also 
are  the  forces.  Thus,  if  the  forces  ^pt^iq^^r^  Fig.  86| acting  on  the  body 
p  q  keep  it  at  rest,  they  are  in 
equilibrium,  and  any  two  of  them 
balance  the  third.  The  lines  of 
force,  if  pffoduoed,ineet  at  one  point 
o  within  the  body,  and  if  a  parallel- 
ogram  be  constructed  having  two 
adjacent  sides  proportional  to  and 
parallel  to  two  of  the  forces  respec-  F%.  M.— Equilibrium  of  Foma. 

lively,  to  represent  them  in  maunii- 

lude  and  direction,  the  diagonal  of  the  parallelogram  will  represent  the  third 
force  in  magnitude  and  direction.    Let  the  lines  op,  oq,  Fig.  87,  represent 
die  forces  p/,      in  magni- 
tude and  direction,  and  com-  9 
plete  the  parallelogram  by 
drawing  the  parallels  p  R,  q  r,  £ 
and  draw  o  r.    Then  o  R  re- 
presents in  magnitude  and 

direction  the  resultant  of  the  ^ 

two  forces  ;  and  R  O  taken  in  Fig.  Sj.-PaniUclogram  of  Forces. 

the  opposite  direction  repre- 
sents the  third  force  Rr,  Fig.  86.   If  it  be  applied  in  this  direction  to 
the  point  o,  as  indicated  by  a  dot  line  or',  it  would  balance  the  other  two. 
This  construction  is  called  the  paratt^fgram  of  forces^  and  is  applicable  to 

any  three  forces  in  equihbrium. 

Three  forces  in  equilibrium  may  also  be  represented  by  a  triangle,  or 
half  a  parallelogram.  For  example,  the  triangle  o  p  r  represents  by  its 
three  sides  the  forces  0  \\  o  (j,  o  k,  the  side  p  r  beini:  substituted  for  OQ. 

Three  forces  in  equilibrium  must  be  in  the  same  plane. 

When  the  directions  of  three  forces  holding  a  body  at  rest,  and  also  the 
magnitude  of  one  of  them,  are  known,  the  magnitudes  of  the  other  two  can 
be  determined  by  constructing  a  parallelogram  in  the  manner  above  exem- 
plified, and  measuring  the  lengths  of  the  sides  and  the  diagonal. 
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Polygon  of  Form. — Equflibrium  may  subsist  between  more  than  three 
forces,  whkh  need  not  necessarily  be  in  the  same  plane;  and  they  can,  like 
those  already  illustrated,  be  developed  indirection  and  magnitude  by  diagram. 
Thus,  let  the  point  o,  Fig.  88,  representing  a  solid  body,  be  kept  at  rest  by  a 
number  of  forces,  o  p,  o  q,  o  r,  o  s,  o  t.  Find  the  equivalent  diagonal  ( > /  for 
the  first  two  forces ;  then  construct  the  jiarallelograni  and  diagonal  o  r  for  the 
resultant  of  0/ and  the  third  force  ok;  and  again  the  parallelogram  and 
diagonal  o  s  for  the  resultant  of  o  /-  and  the  fourth  force  o  s.  The  last 
resultant  represents  in  one  the  four  distributed  forces  op,  oq,  or,  os,  and 
it  balances  the  fifth  force  ot  equal  and  opposite  to  it  As  ox  and  ot  are 
in  the  same  straight  line,  their  resultant  is  of  course  nothing. 

The  se\  eral  forces  thus  dealt  with  may  be  combined  into  a  polygon  of 
forces.    Draw  o  p,      89,  parallel  and  equal  to  o  p,  Fig.  88,  p  q  parallel  and 

equal  to  o  Q,  Q  R  parallel  to  o  r,  r  s 
parallel  to  o  s ;  then,  finally,  s  o. 
completing  the  polygon,  will  be 
parallel  and  equal  to  ot,  Fig.  88, 
the  last  of  the  series.  Professor 
Mosely  illustrates  the  polygon  of 
forces  by  the  united  action  of  a 
number  of  bell-ringers,  puUio^  by  a 
number  of  ropes  joined  to  a  single 
rope.  The  polygon  constructed  as 
in  Fig.  90,  shows  successively  by 
correspondmg  letters,  the  individual 
contributions  of  the  bell-ringers, 
combined  into  one  vertical  force. 

Again,  equilibrium  may  be  estab- 
lished between  a  numbo'  of  forces 
acting  in  the  same  plane,  applied  to  different  points  in  a  body,  or  system  of 
bodies.   For  example,  let  the  forces  po,  go,  ro,  so,  and  to,  be  applied 

to  several  points,  o,  o,  o,  o,  o,  on  a  flat  board 
ABC,  Fig.  91,  by  means  of  cords  and  weights; 
it  will  settle  into  a  position  of  equilibrium, 
when  the  opposing  forces  arrive  at  a  balance 
between  themselves.  An  axis  or  pivot  may 
be  established  at  any  point,  m,  on  l&e  surface 
of  the  board,  without  disturbing  the  equUib- 
rium,  and  it  may  be  viewed  as  a  centre  of 
motion  round  which  the  forces  tend  to  turn 
the  board,  some  in  one  direction,  the  others 
the  opposite  way,  balancing  each  other.  The 
effect  of  each  force  to  turn  the  body  about 
the  centre  is  represented  by  the  product  of  its  magnitude  by  the  Incrage, 
or  perpendicular  distance  of  its  direction  from  the  centre;  draw  these 
perpendiculars,  and  multiply  each  force  by  its  perpendicular  or  leverage, 
then  the  resulting  products  will  be  divisible  into  two  sets,  tending  to  turn 
the  board  in  opposite  directions.  The  sum  of  the  first  set  of  products  is 
equal  to  the  sum  of  the  second  set,  as  is  i»roved  by  the  fact  of  equilibrium. 

Moments  of  Forces. — The  product  of  a  force  by  the  peri)endicular  dis- 
tance of  its  direction  from  any  given  point,  is  called  the  nwrnatt  of  the 


Pif .  88.— Equilibrium  of  more  than  Three  Forces. 
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Ibice  about  that  point;  and  the  equilibnum  above  diacnssed,  in  ootmectkm 
with  Fig.  91,  is  the  result  of  Ae  ifuMjf  if  moments. 

The  law  of  the  equality  of  moments  may  be  thus  set  forth: — ^If  any 
number  of  forces  acting  anywhere  in  the 

same  plane,  on  the  same  body  or  connected 
system  of  bodies,  be  in  equilibrium,  then 
the  sum  of  the  forces  tending  to  turn  the 
-ystem  in  one  direction  about  any  point  in 
ihat  plane,  is  equal  to  the  sum  of  the  mo- 
ments of  those  forces  tending  to  turn  the 
system  in  the  other  direction. 

Such  balanced  forces  may  be  transferred 
to  a  single  point,  and  placed  about  it,  as  in 
Fig.  88,  parallel  to  their  directions  as  they 
stand ;  and  they  will  continue  in  equilibrium, 
holding  the  point  at  rest.  A  polygon  of 
the  forces  p  qr  s  t  within  Fig.  90,  may  be 
constructed  similarly  to  Fig.  89. 

Though  the  principle  of  the  polygon  of 
forces  be  sufficient  to  test  the  eqmUbrium 
of  a  system  of  forces  acting  at  one  point, 
yet  the  principle  of  the  equality  of  moments, 
in  addition,  is  necessar}'  to  establish  the 

equilibrium  of  a  system  apjjlied  to  different  points.  The  two  principles 
conjointly  are  necessar)',  and  tliey  are  sufficient,  as  conditions  of  equilibrium. 

The  Catenary. — W  lien 
a  chain,  or  a  rope,  or  a 
flexible  series  of  rods,  is 
suspended  by  its  extremi- 
ties, supporting  weights 
distributed  along  its 
length,  in  a  state  of  rest, 
it  forms  a  polygon  of 
forces  in  equilibrium,  as 
in  Fig.  92.  If  all  the 
forces  except  those  which 
act  on  the  extremities  of 
the  diain,  be  combined 
into  a  resultant,  then  the 
two  extreme  sides  being 
produced,  will  meet  the 
direction  of  the  resultant 
at  one  point.  Thus,  in 
the  polygon.  Fig.  92, 
loaded  with  weights,  w,w, 
&c,  the  vertical  resultant 
of  these  we^hts  w'w', 
passing  through  their  common  centre  of  gravity,  intersects  at  the  tvo 
extreme  sections  p  a,  p'  b,  when  produced  downwards. 

Similarly,  in  the  catcnar\-.  Fig.  93,  which  is  the  curve  assumed  by  a  rope 

or  other  flexible  medium  uniformly  loaded  and  suspended  by  the  two 

18 


Fig.  91. — Equality  of  Momenta 
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extremities,  if  tangents  be  drawn  to  the  extremities  A»  B,  of  the  curve,  meeting 
at  w',  they  represent  the  directions  of  the  forces  sustaining  the  curve  at 


those  points,  and  they  intersect  at  the  same  point  w*',  the  vertical  line  r,  w*' 
passing  through  tlie  centre  of  gravity  of  the  curve.   Let  the  weight  of  the 


4L 


Fig.  9S.— Panllel  Fonat  la 


curve  be  represented  by  g  w",  and  complete  the  parallelogram  m  n,  then 
M  and      N  represent  in  force  and  direction  the  tension  at  the  points 
B  and  A. 

Ctntrifugal  Forces  in  Equilibrimu. — When  a  cylindrical  vessel  is  exposed 
to  a  uniform  internal  pressure,  as  the  pressure  of  steam  within  a  boiler,  for 
example,  the  pressure  is  balanced  by  the  resistance  of  cohesion  of  the 
matenal  of  the  boiler.  Let  a bc d,  Fig.  94,  be  the  section  of  a  cylindrical 
boiler,  the  radial  pressure  of  the  steam  may  be  represented  by  the  arrows^ 
which  are  equal  and  opposite  in  direction.  The  tension  on  the  metal  in 
resisting  the  internal  pressure  at  any  particular  section  R  n,  is  equal  to  the 
sum  of  the  pressures  resolved  into  the  direction  at  right  angles  to  B  D,  or 
parallel  to  a  c,  according  to  the  triangles,  or  half-parallelograms  of  force 
attached  to  each  oblique  arrow.  The  total  vertical  pressure  thus  obtained 
by  the  resolution  of  forces  is  equal  to  the  total  vertical  pressure  wliich 
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woald  be  exerted  on  the  sectioiial  tine  bd  if  it  be  supposed  to  be  a  rigid 
diaphragm  across  the  boiler,  which  is  easily  calculated.  If  the  radial 
piessure  be,  for  example,  100  lbs.  on  each  square  inch  of  sui&ce,  then  the 
totsd  pressure,  or  the  tensiun  on  the  two  sides  at  b  and  d,  would  be 

100  X  B  D  on  each  inch  of  length  of  the  two  sides;  that  is  to  say,  if  the 
diameter  h  i  >  l)e  e(iual  to  60  inches,  the  tension  on  the  two  sides  would  be 
60  X  100  =  6000  pounds  for  each  inch  of  length. 

A  similar  argument  applies  to  the  tension  on  the  rim  of  a  revolving  fly- 
wheel 

Paralld  Forces, — Systems  of  parallel  forces  are  particular  cases  of  the 
•foregoing. — Let  a,  B,  c,  o,  e,  f,  Fi^.  95,  be  a  system  of  parallel  forces  in  equili- 
brium; and  M  N  a  line  perpendicular  to  them  in  the  same  plane,  and  cut 
by  them  at  the  points  a^b^c^d^eyf.   They  may  act  at  any  points  in  their 

lines  of  direction  without  disturbing  the  equilibrium,  and  they  may  be  sup- 
posed to  be  applied  at  those  points  in  the  line  m  n.    Then,  the  sum  of  the 
moments  of  the  three  forces  a,  b,  c,  acting  in  one  direction,  with  respect  to 
any  point  M  as  a  centre,  is  equal  to  the  sum  of 
tile  moments  of  the  forces  D,  E,  F,  opposed  to 
them.     Further,  the  sum  of  the  simple  forces 
A,  B,  c,  irrespective  of  their  moments,  is  equal  to 
that  of  the  forces  d,  e,  f,  so  that  the  fact  of  their 
being  in  equihbrium  resolves  itself  into  a  case  of 
action  and  reaction,  for  the  two  equivalent  forces 
representing  the  two  opposing  sums,  act  in  the 
same  straight  line  in  opposite  directions. 

When  three  parallel  forces  balance  each  other, 
acting  on  a  straight  line,  two  of  them  must  be 
opposed  to  the  uiird;  and  the  thhpd  must  act 
between  the  other  two,  being  equal  and  opposite 
to  their  resultant.  Let  a,  b,  c.  Fig.  96,  be  three 
such  forces  applied  to  the  line  B  o  f,  at  die  points 
E,G,  F  respectively;  then,  with  respect  to  the 
point  o,  the  moment  of  the  force  b  is  nothing,  because  it  passes  through 
that  point  and  has  no  leverage  on  it.  There  remain  the  moments  of  the 
extreme  forces,  a  and  c,  which  are  equal  to  each  other,  that  is  to  say 

AXEG»CXFG. 

From  this  it  follows,  by  proportion,  that 

A  :  c  : :  FO  :  BG, 

and  that  the  extreme  forces  are  to  each  other  inversely  as  then:  distances 
from  the  middle  force. 

In  general,  of  three  parallel  forces  acting  in  equilibrium  on  an  inflexible 
line,  the  first  in  order  is  to  the  third  as  the  distamce  of  the  third  from  the 
second,  is  to  that  of  the  first  from  the  second. 

The  sum  of  the  first  and  third  is  equal  to  the  second;  and  when  the 
distances  or  leverages  are  equal,  the  first  and  ihurd  forces  are  equal  to  each 
other. 

If  the  position  of  the  line  e  f  be  inclined  to  the  direction  of  the  three 
forces,  and  changed  to  e'  f',  Fig.  96,  the  forces  a,  b,  c, continue  in  equilibrium; 


Flit  9&— Three  Parand  F( 
Equilibrium. 
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for  the  perpendicular  lines  G  b  and  g  f  continue,  as  before,  to  be  the  lever- 
ages of  the  extreme  forces  a  and  c,  on  the  central  point  G. 

When  three  forces  not  in  tiie  same  plane  act  on  one  point,  there  cannot 
be  equilibrium  between  them.   Two  of  these  may  be  reduced  to  their 

ref;iiltant  by  parallelot^ram.  and 
this  resultant  reduced  with  the 
third  force  to  a  final  resultant. 
For  example,  let  the  lines  o  p, 
OQ, OR,  Fig.  97,  represent  in 
magnitude  and  direction  three 
forces  not  in  one  plane  acting 
on  the  point  o.  By  parallel- 
ogram, o  s  is  the  resultant  of  the 

Fig.  97.~PazalkloiMped  of  Foroo.  tWO  forces  O  P,  O  O,  and  O  T  IS  the 

final  resultant  of  o  s  and  the  third 
force  o  R.    That  is  to  say,  oris  the  resultant  of  the  three  given  forces. 

If  parallelograms  be  formed  from  each  two  of  the  three  forces,  they  form, 
when  duplicated,  a  parallelopiped  of  forces,  of  which  the  diagonal  is  found 
by  the  final  resultant  ot,  and  the  principle  of  the  parallelopiped  of  forces 
may  be  thus  defined: — If  three  forces  be  represented  in  magnitude  and 
direction  by  three  adjacent  edges  of  a  parallelopiped,  their  resultant  is 
represented  in  magnitude  and  direction  by  the  adjacent  diagonal  of  the 
solid. 

There  must  be  at  least  four  forces  to  produce  equilibrium  about  a  point, 
when  the  forces  are  not  in  the  same  plane. 

The  triangle  ost,  F'ig.  97,  comprises  in  its  three  sides  the  resultant  of 
the  hrst  and  second  forces,  the  third  force,  and  the  resultant  of  the  three. 
If  the  first  resultant  os  be  replaced  by  the  two  lines  OQ  and  q  s,  whidi 
represent  the  first  and  second  forces,  they  form  the  four-sided  figure  o  Q  s  t, 
the  polygon  of  the  four  equilibrating  forces. 

•  A  greater  number  of  forces  than  four  acting  on  a  point  may  be  reduced 
in  like  manner. 

Fvum  Bodies. 

The  characteristic  property  of  fluids  is  the  capability  of  transmitting  the 
pressure  which  is  exerted  upon  a  part  of  the  surface  of  the  fluid,  in  all 
directions,  and  of  the  same  intensity: — the  same  pressure  per  square  inch  or 
per  square  foot 

The  pressure  of  water  in  a  vessel,  caused  by  its  own  gravity,  increases  in 
proportion  to  the  depth  below  the  surface ;  and  the  pressure  on  a  horizontal 

surface,  say,  the  bottom,  is  equivalent  to  the  weight  of  the  superincumbent 
column  of  water,  and  the  intensity  of  the  pressure  is  independent  of  the 
form  of  the  vessel.  The  same  rule  applies  when  the  pressure  is  from  below 
upwards. 

The  same  rule  also  applies  when  the  surface  is  either  vertical  or  inclined, 
and  the  mean  height  of  the  superincumbent  cohimn  of  water  is  measured 
:by  the  depth  of  the  centre  of  gravity  of  the  given  surface  below  the  surface 
of  the  water. 

The  water  in  open  tubes  communicating  with  each  other, when  in  a  state 
of  equilibrium,  stands  at  the  same  level  in  the  tubes,  whatever  may  be  the 
relative  diameters  of  the  tubes. 
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The  height  of  the  superincumbent  column  of  water  is  called  the  head  of 
water. 

The  buoyancy,  or  the  upward  force  \iith  which  water  presses  a  body 
immersed  in  it,  from  below  upwards,  is  equal  to  the  weight  of  water  dis- 
pboed  by  the  body,  or  of  a  quantity  of  waiter  equal  m  volume  to  the  sub- 
merged  body,  or  submerged  portion  of  a  body.  The  resultant  of  the 
upiK-ard  pressure  passes  through  the  centre  of  gravity  of  the  water  displaced; 
and  also,  when  the  floating  body  is  at  rest,  through  the  centre  €^  gravity  of 
the  body. 

This  resultant  line  is  called  the  axis  of  floatation,  and  the  horizontal 
section  of  the  body  at  the  surHice  of  the  water  is  the  plane  of  floatation. 

Bodies  float  either  in  an  upright  position  or  in  an  ohlicjue  position,  A 
body  floats  with  stability ^  when  it  strives  to  maintain  Uie  position  of  equili- 
brium, and  idien  it  can  only  be  moved  out  of  tins  position  \j  force,  and 
will  return  to  it  when  the  force  is  withdrawn.  The  nutaemin  is  the  point 
at  which  the  axis  of  floatation  inteisects  the  axis  of  a  symmetrical  body,  as  a 
ship,  when  inclined.  If  the  metacentre  lies  above  the  centre  of  gravity  of 
the  ship,  the  ship  floats  with  stability;  if  below,  the  ship  is  unstable;  if  the 
centres  coincide,  which  they  must  do  in  a  cylinder  01  a  sphere,  for  example, 
the  body  floats  indiltcrently  in  any  position. 

For  the  weight,  volume,  and  pressure  of  water  and  air,  see  Water  and 
Air  as  standards  of  ntmsure^  page  124. 

MOTION. 

The  motion  of  a  body  is  uniform^  when  the  body  passes  through  equal 
spaces  in  e^ual  intervals  of  time. 

VdocUy  is  the  measure  of  motion,  and  is  expressed  by  the  number  of 
feet  (MT  other  unit  of  length  moved  through  per  second  or  other  unit  of  time. 

Motion  is  accelerated^  when  the  body  moves  through  continually  increased 
spaces  in  equal  intervals  of  time,  like  a  railway  train  starting  from  a  station. 
Motion  is  retardtd,  when  the  body  moves  through  continually  decreased 
spaces  in  equal  inter\als  of  time,  like  a  railway  train  arriving  at  a  station. 
The  acceleration  and  retardalion  are  uniform^  when  the  spaces  moved  tliruugii 
inoease  or  decrease  by  equal  successive  amounts,  like  a  body  falling  by 
the  action  of  gravity,  or,  on  the  contrary,  projected  upwards  in  opposition 
to  gravity. 

GRAVITY. 

When  bodies  fall  freely  near  the  surface  of  the  earth,  the  motion,  as 
already  said,  is  uniformly  accelercded;  equal  additions  of  velocity  being  made 
to  the  motion  of  the  body  in  e^ual  intervals  of  time. 

During  the  ist  second  of  time,  the  body,  starting  from  a  state  of  rest, 
falls  through  16.095  ^"^et,  or,  say  16. i  feet;  during  the  2d  second,  it 
falls  through  three  times  16.1  feet;  during  the  3d  second,  it  falls  through 
five  times  16  i  feet,  and  so  on.  The  body  having,  in  the  ist  second,  fallen 
through  16. 1  feet,  from  a  state  of  rest,  with  a  motion  uniformly  accelerated, 
it  would  move  through  32.2  feet  in  the  next  second,  with  the  velocity 
thus  accjuired,  without  any  additional  stimulus  from  gravity;  that  is  to 
say,  the  velocity  acquired  at  the  end  of  the  ist  second  is  32.2  feet  per  second. 
During  the  2d  second,  it  in  foct  acquires  an  additional  velocity  of  32.2  feet 
per  second,  making  up,  at  the  end  of  this  second,  a  final  velocity  of  64.4 
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feet  per  second.  In  like  manner  the  body  acquires  an  additional  velocity 
of  32.3  feet  per  second  during  the  3d  second,  making  a  final  velod^  q£ 
three  times  32.3  feet,  or  96.6  feet  per  second.   And  so  on. 

Each  of  these  additional  velocities  is  acquired  in  falling  through  16.1  feet 
additional  to  the  space  fallen  through  in  virtue  of  the  velocity  acquired  at 

the  beginning  of  each  second. 

The  relations  of  Aei^^Af  falktiy  vdocity  acquired^  and  time  of  /aUf  are 
simply  exhibited  in  the  following  manner: — 

During  the  successive  seconds  the  heights  fallen  through  are  consecutively 
as  follow : — 

time,  I,  I,  I,  I  second, 

height  of  fall,       16.  i,        16.  i  x  3,    16.  i  x  5,    16.1  x  7  feet 

And  reckoning  the  totals  from  the  commencement  of  the  fall, 

total  times,  i,  2,  3,  4  seconds. 

total  height  of  fall,     16.1,         16.1  x  4,    16.  i  x  9,    16.  i  x  16  feet 

or  1 6. 1,  16. 1  X  2^^,  16. 1  X  3-,  16. 1  X  4-  feet 
or  16.1,         64.4,        144*9)        257.6  feet 

Showing  that  the  total  hd^:;ht  fallen  is  as  the  square  of  the  total  time. 

Again,  during  the  successive  seconds,  the  successive  additional  velocities 
acquired  are: — 

time,  I,  1,  I,  I  second, 

velocities  acquired,     32.2,      32.2,      32.2,      32.2  feet  per  second. 

And  the  total  or  final  velocities  acquired,  reckoning  from  the  commence- 
ment of  the  £b11,  are: — 

total  times,  i,       3,  3,  4  seconds. 

final  velocities,   32.2,   32.2  x  2,   32.2  x  3,   32.2  x  4  feet  per  second. 

or  33.3,   64.4,        96.6,      128.8  feet  per  second. 

Showing  that  the  velocity  iupdred  is  in  direct  proportion  to  the  time  of  the 

fall. 

The  above  relations  of  time,  height,  and  velocity  are  brought  together 
for  comparison,  thus : — 


time  as,  i, 
velocity  acquired  as,  I, 

2» 

3> 

4,  &C. 

3» 

4.  5:c. 

height  of  (all  as,  i, 

4, 

9» 

16,  <Scc. 

or  as  I, 

3^ 

4^  &c. 

Showing  that,  whilst  the  I'docity  increases  simply  with  the  time,  the  height 
of  fall  increases  as  the  S(|u;irc  of  the  time,  and  as  the  square  of  the  velocit)'. 

The  force  of  gravity  is  expressed  1>\  the  velocity  communicated  by  gravity 
to  a  body  falling  freely  in  a  second,  namely,  32.2  feet  per  second,  and  is 
symbolized  by  g. 

The  foregoing  relations  of  iimt,  vdocity,  and  heif^  of  &U,  are  comprised 
in  the  six  following  propositions  with  their  answeis — applicable  to  the 
condition  of  a  body  falling  fireely.  They  are  much  used  in  mechanical 
calculations. 

I  and  3.  Given  the  time,  to  find  the  velocity  and  the  height. 
3  and  4.  Given  the  velocity,  to  find  the  time  and  the  height. 
5  and  6.   Given  the  heigMt^  to  find  the  time  and  the  velocity. 
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Rules  for  the  Action  of  Gravity. 

Putting  /  =  the  lime  of  falling  in  seconds,  v  =  the  velocity  in  feet  per 
second,  //  =  the  height  of  fall  in  feet,  and  ^-gravity  or  32.2;  then 

Rule  i.  (iiven  the  iime  of  fall,  to  find  the  velocity  acquired  by  a  falling 
body.  Multiply  the  time  in  seconds  by  32.2,  the  product  is  the  finiu 
vekiciCy  in  feet  per  second.  Or 

=  32.2  /   ( I ) 

Rule  2.  Given  the  time  of  fall,  to  find  the  hev^ht  of  the  fall.  Multiply 
the  square  of  the  time  in  seconds  by  16.1.  The  product  is  the  height  of 
fall  in  feet.  Or 

;i=i6.i  /2   (2) 

Rule  3.  Given  the  velocity,  to  find  the  time  of  falling.  Divide  the 
velocity  in  feet  per  second  by  32.2.  The  quotient  is  the  time  in  seconds. 
Or 

  (3) 

32.2 

Rule  4.  Given  the  velocity,  to  find  the  heig^ht  of  fall  "due"  to  the 
velocity.  Square  the  velocity  in  feet  per  second,  and  divide  by  64.4.  The 
quotient  is  the  height  of  fall  in  feet  Or 



Rule  5.  Given  the  height  of  fall,  to  find  the  time  of  falling.  Divide  the 
height  in  feet  by  16.  i,  and  find  the  square  root  of  the  quotient  The  root 
is  the  time  in  seconds.  Or 

<w'-J<\/  *    (S) 

Rule  6.  Given  the  height  of  fall,  to  find  the  velocity  due  to  the  height 
Multii)ly  the  height  in  feet  by  64.4,  and  find  the  square  root  of  the  product 
The  root  is  the  velocity  in  feet  per  second. 

Or,  multiply  the  square  root  of  the  height  in  feet  by  8.025;  the  product 
it  tiie  vdoat^  in  ieet  per  second. 

Note, — ^It  IS  usual  to  take  the  integer  8  only  for  the  multiplier. 

Symbolically,  these  operations  are  expressed  as  follows: — 


32.2 


or  in  a  round  number  irs 8 ^  h    ( 6 ) 

The  above  rules  are  applicable^  inversely,  to  the  motion  of  bodies  pro- 
jected upwards  and  uniformly  retarded  by  gravity.   The  height  to  which  a 

body  projected  vertically  upwards  by  an  initial  impulse,  will  ascend,  is  equal 
to  the  height  through  which  the  body  must  fall  in  order  to  acquire  the 
initiai  veloa^,  and  the  same  rule  (4)  applies  in  these  two  cases. 
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The  following  taUe,  Na  loi,  gives  the  velocity  acquired  by  a  £Edliiig  body 
in  falling  freely  through  a  f^ven  height.  Table  No.  102  gives»  conversely, 
the  height  of  fall  due  to  a  given  velocity.  Table  No.  103  gives  the  (all  and 
die  final  velocity  due  to  a  given  time  of  ialling  freely. 


Table  Na  loi. — ^VsLOCiTy  acquired  by  Faluno  Bodies,  due  to  Given 

HsiGHts  or  Fall. 


neiKnt  01 

Velocity 
in  Feet 

nctgnt  01 
Fall. 

Velocity 
in  Feet 

• 

Height  of 
FalL 

Velocity 
in  Feet 
pw  Scoond. 

nciunt  01 
FalL 

Velocity 
in  Feet 

feet. 

ft.  per  sec 

feet 

ft.  per  sec. 

feet. 

ft.  per  sec. 

feet. 

ft.  per  sec. 

.01 

.803 

1390 

38-49 

50 

56- 74 

.03 

1. 14 

I  S-oi 

24 

too 

80.25 

.03 

1-39 

4.0 

16.05 

40.12 

'50 

9S.28 

.04 

1.6 1 

4*5 

I7«03 

26 

40.02 

200 

113*5 

1.80 

5.0 

17.99 

27 

41.70 

300 

130.0 

.06 

1.07 

5-S 

18.82 

28 

42.47 

400 

160.5 

.07 

2.12 

6.0 

19.66 

20 

7 

4-1.22 

SCO 

170.0 

.08 

2.27 

• 

6.5 

20.46 

30 

43-95 

600 

106.6 

.09 

2.41 

7.0 

21.23 

31 

44.68 

700 

212.3 

/•5 

^  T  A*? 

32 

iS  nr> 

.2 

3.20 

8.0 

22.69 

33 

46.10 

900 

240.7 

•J 

4.40 

8-5 

23.40 

34 

46.79 

xooo 

253-8 

.4 

9.0 

24.07 

35 

47.47 

1500 

310.8 

•5 

5.68 

9.5 

24.73 

36 

48.15 

2000 

3589 

.6 

6.22 

10 

25-38 

37 

48.81 

2500 

401.2 

•7 

6.71 

T  I 

26.62 

38 

49-47 

3000 

439-5 

.8 

7.18 

12 

27.80 

39 

50.11 

3500 

474-7 

•9 

7.61 

13 

28.93 

40 

50.75 

4000 

507-5 

I.O 

8.03 

M 

30.03 

41 

51.38 

4500 

538.3 

1.2 

8.79 

15 

31.08 

42 

52.01 

5000 

567.4 

1.4 

9-50 

16 

32.10 

43 

52.62 

6000 

621.6 

1.6 

10.15 

17 

33.09 

44 

53.23 

7000 

671.4 

1.8 

10.77 

18 

34.05 

45 

53.83 

8000 

717.8 

3.0 

"35 

19 

34.98 

46 

54^3 

9000 

761.3 

2.25 

12.04 

20 

35-89 

47 

5502 

10000 

802.5 

2.50 

1 2.69 

21 

36.77 

48 

55.60 

2.75 

13.31 

22 

37.64 

49 

56.17 
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Table  No.  103. — ^Height  op  Fall  dub  to  Given  Vblocities. 


64.4 


*  *— - 

TdOCttY 

in  Feet 
pcF  Seooiui. 

ncwni  01 

nu. 

Vclcxnty 
in  Feet 

n»r  Second 

V«todty 
in  Feet 

nClKIU  01 

Fia 

Velocity 
in  Feet 

ft.  per  ace 

ft.  pertac. 

feci. 

ft.  per  sec 

tec 

ft.  peraec. 

feet. 

•25 

.0010 

TO 

5.61 

46 

32.9 

73 

82.7 

•50 

.0039 

20 

6.2  I 

47 

34-3 

74 

85.0 

•75 

.0087 

21 

6.85 

48 

35-8 

75 

87.4 

1. 00 

.016 

22 

752 

.  49 

373 

80 

99.4 

'•25 

.024 

23 

8.21 

50 

38.8 

85 

112.2 

1.50 

•035 

24 

8.94 

✓  • 

51 

40.4 

90 

125.8 

'•75 

.048 

25 

9.71 

52 

42.0 

95 

1 40. 1 

2 

.062 

26 

10.5 

53 

43-6 

xoo 

'55*3 

.097 

27 

1 1.3 

54 

45*3 

105 

1 71.2 

3 

.140 

28 

IT. 2 

55 

47.0 

ITO 

187.9 

3-5 

.190 

29 

131 

56 

48.7 

115 

205.4 

4 

.248 

30 

14.0 

57 

50-4 

120 

223.6 

4-5 

•314 

31 

14.9 

58 

52.2 

130 

262.4 

5 

.388 

32 

159 

59 

54-1 

140 

3043 

6 

ceo 

11 

16.9 

60 

1AQ  A 

7 

.761 

34 

17.9 

61 

57.8 

175 

475-5 

8 

-994 

35 

19.0 

62 

59.7 

200 

621 

9 

1.26 

36 

2a  X 

63 

61.6 

300 

1397 

10 

1-55 

37 

21.3 

64 

63.6 

400 

2484 

1 1 

1.88 

38 

22,4 

65 

65.6 

500 

3882 

12 

2.24 

39 

23.6 

66 

67.6 

600 

5590 

13 

2.62 

40 

24.9 

67 

69.7 

700 

7609 

14 

3-04 

41 

26.1 

68 

71.8 

800 

9938 

15 

3-49 

42 

27.4 

69 

73-9 

900 

12578 

16 

3.98 

43 

28.7 

70 

76.1 

1000 

15528 

17 

4.49 

44 

30.1 

71 

78.3 

18 

45 

31*4 

7a 

80.5 
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Table  No.  103. — Hbight  of  Fall  and  Velocity  acquired,  for 

Given  I'ime  of  Fall. 


A  =  16.1/*.   v  =  32.a/. 


Time  of 
FaU. 

Height  of 
Fail. 

Velocity 
acquired  in 
Feet  per 

Time  of 
FalL 

Height  of 
1  FaU. 

Velocity 
act^uired  in 
Feet  per 
Seoond. 

Time  of 
Fall. 

Height  of 
FalL 

Velocity 
acquired  in 
Feet  per 
Swood. 



Mconds. 

feet. 

ft.  per  sec 

•econds. 

!  feet. 

fi.  per  sec. 

seconds. 

feet. 

ft.  per  sec 

I 

1 6. 1 

32.2 

12 

2318 

386.4 

23 

8517 

740.6 

2 

64.4 

64.4 

13 

2721 

418.6 

24 

9273 

772.8 

3 

144.9 

96.6 

14 

3156 

450.8 

25 

10062 

805.0 

4 

257.6 

128.8 

15 

3623 

483.0 

26 

10884 

837.2 

5 

402.5 

161.O 

16 

4122 

27 

"737 

869.4 

6 

579-6 

193.2 

17 

4653 

547  4 

28 

12622 

901.6 

7 

788.9 

225.4 

18 

5217 

579-6 

29 

13540 

933-8 

8 

1030 

257.6 

19 

5812 

611. 8 

30 

14490 

966.0 

9 

1304 

289.8 

20 

6440 

644.0 

31 

15473 

998.2 

10 

1610 

322.0 

21 

7100 

676.2 

32 

16487 

1030 

II 

1948 

354.2 

22 

1  7792 

,  708.4 

ACCELERATED  AND  RETARDED  MOTION  IN  GENERAL. 

The  same  rules  and  fonnulas  that  have  been  aiiplied  to  die  acdon  of 
gxavity  are  applicable  to  the  action  of  any  other  uniformly  aocelemtuig 
force  on  a  body,  the  numerical  constants  being  adapted  to  the  force.  If  an 
accelerating  or  retarding  force  be  greater  or  less  than  gravity;  that  is  to  say, 
than  the  weight  of  the  body,  the  constants  16. i,  32.2,  and  64.4  are  to  be 
varied  in  the  same  proportion. 

To  do  this,  multiply  the  constant  by  the  accelerating  force,  and  di\'ide 
the  product  by  the  weight  of  the  body.  Let  /  be  the  accelerating  force, 
and  w  the  weight  of  the  body,  then  the  constant  becomes 

2^,o,iE±L,ot^}   (a) 

w  w  w 

and  substituting  this  in  the  formulas  (i)  to  (6)  for  gravity,  the  following 
general  rules  and  fonnulas  are  arrived  at  for  die  action  of  uniformly  accel- 
erating or  retarding  forces.  The  rules  are  written  for  accelerating  forces, 
but  they  apply  by  simple  inversion  to  retarding  forces  also. 

General  Rules  for  Accelerating  Forces. 

The  accelerating  force  and  the  weight  of  the  body  are  expressed  in  the 
same  unit  of  weight ;  and  the  q>ace  in  feet,  the  time  in  seconds,  and  the 

velocity  in  feet  per  second. 

In  the  following  rules  the  time  during  which  a  body  is  acted  on  by  an 
accelerating  force  is  called  t/u  time;  the  velocity  acquired  at  the  end  of  the 
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time  is  called  the  final  velocity;  the  space  traversed  by  the  body  during  the 
time  is  called  the  space;  the  accelerating  force  is  called  the  force, 

t  -  the  time. 
V  -  the  final  velocity. 
s  ^  the  space. 
/  =  the  force. 
ttr=the  weight 

Rule  7.  Given  the  weighty  the  force,  and  the  time;  to  find  the  final 
velocity.  Multiply  the  force  by  the  time  and  by  32.2,  and  divide  by  the 
weight.   The  quotient  is  the  final  velocity.  Or 

r=3M/-'   (7) 

Rule  8.  Given  the  weight,  the  force,  and  the  time;  to  find  the  space. 
Multiply  the  force  by  the  square  of  the  time  and  by  16.1,  and  divide  by  the 
weight.  Or 

.=iW£f   (8) 

Rule  9.  Given  the  7vei(;ht,  ihcf/ia/  ve/ocity,  and  the  force;  to  find  the 
time.  Multiply  the  final  velocity  by  the  weight,  and  divide  by  the  force, 
and  by  32.2.    The  quotient  is  the  time.  Or 

$2,2/ 

Rule  la  Given  the  m^At,  the  ^fina/  veMiy,  and  the  /one;  to  find  the 
space.  Multiply  the  weight  by  the  square  of  the  velocity,  and  divide  by 
the  f<xce,  and  by  64.4.   The  quotient  is  the  space;  Or 



Rule  ii.  Given  the  weight,  the  force,  and  the  space;  to  find  the  time. 
Multiply  the  weight  by  the  space,  and  divide  by  tiie  force;  find  the  square 
root  of  the  quotient,  and  divide  it  by  4.  The  last  quotient  is  the  time  in 
seconds.  Or 


 (II) 


T 

Rule  12.  Given  the  weight,  the  force,  and  the  space;  to  find  the  final 
velocity.  Multiply  the  space  by  the  force,  and  divide  by  the  weight;  find 
the  scjuare  root  of  the  quotient,  and  multiply  by  8.  The  product  is  the  final 
vdoaty.  Or 

'7^ 


w 


(") 


Rule  13.  Given  the  weight,  the  space,  and  ih^  final  velocity;  to  find  the 
force.  Multiply  the  weight  by  the  square  of  the  final  velocity,  and  divide 
by  the  space,  and  by  64.4.    The  quotient  is  the  force.  Or 

X    w  1^  /  \ 
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Rule  14.  Given  the  wciglU,  time,  and  final  velocity ;  to  find  the  force. 
Multiply  the  weight  by  the  velocity,  and  divide  by  the  time,  and  by  32.3. 
Or 

f'^f  

Note  I.  \Vhen  the  accelerating  or  retarding  force  bears  a  simple  ratio  to 
the  weight  of  the  body,  the  ratio  may,  for  greater  readiness  in  calculation, 
be  substituted  in  the  quantities  (a)  representing  the  modified  constants,  for 
tiie  force  and  the  weight  Suppose  the  aocdmtiiig  fbice  is  a  tenth  part  of 
the  wdght,  then  the  ratio  is  i  to  10,  and 

16. 1  , 

 =  i.oz, 

10 

ID 

^-^=6.44; 

ID 

and  these  quotients  may  be  substituted  for  16. i,  32.2,  and  64.4  respectively 
in  the  formula:>  for  tlie  action  of  gravity  (i)  to  (6),  to  ht  them  fur  direct 
use  in  dealing  with  an  accelerating  force  one-tenth  of  gravity,  the  height  h 
in  those  formulas,  of  course,  being  taken  to  mean  space  traversed. 

Note  2.  The  tables,  Nos.  101-103,  pages  280-282,  for  the  relations  of 
the  velocity  and  height  of  falling  bodies,  may  be  emplcrped  in  solving 
questions  of  accelerating  force  generally. 

Example.  A  ball  weighing  10  lbs.  is  projected  with  an  initial  velocity  of 
60  feet  per  second  on  a  level  bowling-^reen,  and  the  frictionai  resistance 
to  its  motion  over  the  green  is  i  lb.  What  distance  will  it  traverse  before 
it  comes  to  a  state  of  rest?    By  rule  10, 

I  lb.  X  64.4 

the  distance  traversed. 

Again,  the  same  result  may  be  arrived  at,  according  to  Note  i,  by 
multiplying  the  constant  64.4,  in  rule  4,  for  gravity,  by  the  ratio  of  the 
force  and  the  weight,  which  in  this  case  is  j^,  and  64.4  x  -  6.44. 
Substituting  6.44  for  64.4  in  that  rule  and  formula,  the  formula  becomes 

.     «^  60* 

the  distance  traversed,  as  already  found. 

But  the  question  may  be  answered  more  directly  by  the  aid  of  the  table 
for  falling  bodies  (No.  102,  page  281).  The  height  due  to  a  velocity  of 
60  feet  per  second,  is  55,9  feet;  and  it  is  to  be  multiplied  by  the  inverse 
ratio  of  the  accelerating  force  and  the  weight  of  the  body,  or  or  10; 
that  is, 

55.9x10  =  559  feet, 

the  distance  traversed. 

If  the  question  be  put  otherwise — What  space  will  a  ball  move  over 
before  it  comes  to  a  state  of  rest,  with  an  initial  velocity  of  60  feet  per 
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second,  allowing  the  friction  to  be  i*zotli  ^be  weight  of  the  ball?  The 
answer  may  be  ^ven,  that  the  friction,  which  is  the  xetarding  force,  being 
i-ioth  of  the  weight,  that  is  of  gravity,  the  space  described  will  be  10  times 
as  much  as  is  necessary  for  gravity,  supposing  the  ball  to  be  projected 
vertically  upwards  to  bring  the  ball  to  a  state  of  rest  The  height  due  to 
the  velocity  is  55.9  feet;  then 


If  a  body  freely  descend  an  inclined  plane  by  the  force  of  gravity  alone^ 
the  velocity  acquired  by  the  body  when  it  arrives  at  the  foot  of  the  plane, 
is  that  which  it  would  acquire  by  falling  freely  through  the  vertical  height 
Or,  the  velocity  is  that  *'  due  "  to  the  height  of  the  plane. 

The  time  occupied  in  making  the  descent  is  greater  than  that  due  to  the 
height,  in  the  ratio  of  the  length  of  the  plane,  or  distance  travelled,  to 
the  height  The  time  is  therefore  directly  in  proportion  to  the  length  of 
the  plane,  when  the  height  is  the  same. 

The  impelling  or  accelerating  force  by  gmvitation  acting  in  a  direction 
parallel  to  the  plane,  is  less  than  the  weight  of  the  body,  in  the  ratio  of  the 
height  of  the  plane  to  its  length.  It  is,  therefore,  inversely  in  proportion 
to  the  length  of  the  plane,  when  the  height  is  the  same. 

The  time  of  descent,  under  these  conditions,  is  inversely  in  proportion 
to  the  accelerating  force. 

If,  for  instance,  the  length  of  the  plane  be  five  times  tlie  height,  the  time 
of  making  freely  the  descent  on  the  plane  by  gravitation  is  five  times 
that  in  which  a  body  would  freely  &11  vertically  through  the  height;  and 
the  impelling  force  down  the  plane  is  '/s  th  of  the  weight  of  the  body. 

Problems  on  the  descent  of  bodies  on  inclined  planes  are  soluble  by  the 
aid  of  the  rules  7  to  14,  for  the  relations  of  accelerating  forces.  But, 
as  a  preliminary  step,  the  accelerating  force  is  to  be  determined,  by 
multiplying  the  weight  of  the  descending  body  by  the  height  of  the  plane, 
and  dividing  the  product  by  the  length  of  the  j)lane.  For  example,  let  a 
body  of  15  pounds  weight  gravitate  freely  down  an  inclined  plane,  the 
length  of  which  is  five  times  the  height,  the  accelerating  force  is  1 5  5  -  3 
pounds.  If  the  length  of  the  plane  be  100  feet,  the  height  is  20  feet,  and 
the  velocity  acquired  in  fidlii^  freely  from  the  top  to  the  bottom  of  tibe 
plane  would  be,  by  rule  12, 


Whereas,  for  a  free  vertical  fall  through  the  height,  20  feet,  the  time 
would  be,  by  rule  5, 


which  is  Vs  ^  making  the  descent  on  the  inclined  plane. 


10  =  559  feet. 


the  space  described  by  the  ball. 


Action  of  Gravity  on  Inclined  Planes. 


=  ^4  \/  500  =5-59  seconds. 
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Special  RuUs  for  the  Destmion  Jndmed  Flatlet, 

The  height  and  the  length  of  an  indined  plane  may  be  substituted 
for  the  accelerating  force  and  the  weight  respectively  in  the  rule  (ii)» 
to  find  the  time.  Putting  ^  =the  height  of  the  plane,  and  /^the  length 
of  the  plane,  the  formula  (ii) 


becomes /=J(v/  =i<A/-^-' 

Rule  15. — Given  the  length  and  the  height  of  the  incHned  plane,  to  find 
the  time  in  which  a  body  would  freely  descend  by  gravitation.  Divide  the 
length  by  four  times  Uie  square  root  of  the  height;  the  quotient  is  the  time 
in  seconds. 

For  example,  the  length  of  the  plane  is  100  feet,  and  the  height  is  20 
feet,  and  the  time  is 

100 

as  v/as  found  before. 

Again,  by  inversion  of  the  formula  (15), 


h  ,  and  then 




Rule  16. — Given  the  iength  of  the  inclined  plane,  and  the  Hme  of 
free  descent  by  gravitation,  to  find  the  Ae^At  through  which  the  body 
descends.  Divide  the  square  of  the  length  by  the  square  of  the  time 
in  seconds  and  by  16;  the  quotient  is  the  length  of  the  inclined  plane. 

For  example,  the  length  of  the  plane  is  1 00  feet,  and  the  time  of  descent 
is  5.59  seconds ;  then  the  vertical  height  of  the  descent  is 

A  =  — — 5  =  20  feet,  the  height 
5.59*    16  ^  * 

Average  Velocity  of  a  Moving  Body  Uniformly  Accelerated 

OR  Retarded. 

The  average  vdocity  of  a  moving  body  unifonnly  accelerated  (h*  letarded, 
during  a  given  time  or  in  a  given  space,  is  equal  to  half  the  sum  of  the 
initial  and  final  velocities;  and  if  the  body  begin  from  a  state  of  rest  or 
arrive  at  a  state  of  rest,  the  average  speed  is  half  the  final  or  initial  velocity, 
as  the  case  may  be.  Thus,  in  the  example  of  a  ball  rolling,  the  initial 
speed  or  velocity  is,  in  either  case,  60  feet  per  second,  and  the  terminal 
speed  is  nothing ;  the  average  speed  is  therefore  the  same,  namely,  one-half 
of  tliat,  or  30  feet  per  second. 
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MASS. 

Weight  is  not  an  essential  property  of  a  body  ;  it  is  only  the  attraction  of  the 
earth  exerted  upon  the  body.  Suppose  the  attractive  force  to  be  suspended, 
then  the  body  would  cease  to  have  weight  What  would  remain?  Mass, 
or  substance,  simply.  But,  though  weight  is  not  mass,  it  is  a  direct  measure 
of  mass,  in  the  same  locality,  or  wherever  the  force  of  gravitation  is  the 
same,  for  double  the  mass  luis  twice  the  weight  Wdght  alone,  however, 
is  not  suflident  as  a  universal  measure  of  mass,  since  the  weight  of  the 
same  mass  would  vaiy  according  to  the  force  of  gravitation  for  different 
situations.  The  mass,  therefore,  varies  inversely  as  the  force  of  gravitation, 
when  the  weight  remains  the  same.  That  force  is  measurable  by  the  lieight 
through  which  a  body  falls  in  a  given  time,  or  by  the  velocity  ac(iuiretl  at 
the  end  of  that  time,  say,  a  second,  expressed  by  g.  In  its  most  general 
form,  then,  the  expression  for  the  mass  of  a  body  comprises  tlie  weight 
directly  and  the  force  of  gravitation  inversely;  thus 

in  which  m  is  the  mass,  w  the  weight,  ^  the  force  of  gravitation;  that  is  to 
say,  the  mass  of  a  body  is  equal  to  the  weight  of  the  body  divided  by  the 
force  of  gravity.   Since  the  weight  and  the  force  of  gravity  vary  in  the 

same  ratio,  the  mass  ~  of  a  body  is  the  same  at  all  places.  As  the  quan- 
tity of  matter  of  the  same  body  is  also  constant  whatever  place  it  occupies, 
the  mass  —  gives  an  exact  idea  of  the  quantity  of  matter,  and  is  a  measure 
of  it 

MECHANICAL  CENTRES. 

There  are  four  mechanical  centres  of  force  in  bodies,  namely,  the  centre 
of  gravity,  the  centre  of  gyration,  the  centre  of  osdliation,  and  the  centre 
of  percussion. 

Centre  of  Gravity. 

The  centre  of  gravity  is  the  physical  centre  of  a  body,  or  of  a  system  of 
bodies  in  rigid  connection  with  each  other,  about  which  the  gravitation  of 
die  several  partides  of  the  body  is  self-balanced,  and  at  which  it  can  be 
ftedy  suspended  or  supported  in  any  position  in  a  state  of  rest 

In  various  calculations,  the  whole  wei^^t  or  mass  of  a  body  is  considered, 
as  placed  at  its  centre  of  gravity. 

To  find  the  centre  of  gravity  of  any  plane  figure  mechanically : — Suspend 
the  figure  by  any  point  near  its  edge,  and  mark  on  it  the  direction  of  a 
plumb-line  hung  from  that  point;  then  suspend  it  from  some  other  point, 
and  again  mark  the  direction  of  the  plumb-line  in  like  manner.  Then  the 
centre  of  gravity  of  the  surface  will  be  at  the  point  of  intersection  of  the 
two  marks  of  the  plumb-line. 

The.  centre  of  gravity  of  parallel-sided  objects  may  readily  be  found  in 
this  way.  For  instance,  to  find  the  centre  of  gravity  of  the  arch  of  a  bridge; 
draw  the  elevation  upon  paper  to  a  scale,  cut  out  the  figure,  and  proceed 
with  it  as  above  directed,  m  order  to  find  the  position  of  the  centre  of 
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gravity  in  elevation  for  the  model.  In  the  actual  aich,  the  centre  of  gravity 
will  have  the  same  relative  position  as  in  the  paper  model. 

In  regular  figures  or  solids  the  centre  of  gravity  is  the  same  as  their 
geometrical  centres.  Thus,  the  centre  of  gravity  of  a  straight  line,  a 
parallelogram,  a  prism,  a  cylinder,  a  circle,  the  circumference  of  a  circle,  a 
ring,  a  sphere,  and  a  regular  polygon,  is  the  geometrical  centre  of  these 
figures  and  solids  respectively. 

To  find  the  centre  of  gravity  of  a  triangle;  draw  a  straij^t  line  fix>m  one 
of  its  angles  to  the  middle  of  the  opposite  side;  the  centre  of  gravity  will  be 
in  this  hne  at  a  distance  of  two-durds  of  its  length  fi-om  the  angle.  Or, 
draw  a  straight  line  from  two  of  the  angles  to  the  middle  of  the  opposite 
sides  respectively;  the  point  of  intersection  of  the  two  lines  will  be  the 
centre  of  gravity. 

For  a  trapezium,  or  irregular  four-sided  figure,  draw  the  two  diagonals, 
and  find  the  centres  of  gravity  of  each  of  the  four  triangles  thus  formed; 
then  join  each  opposite  pair  of  these  centres  of  gravity.  The  joining  lines 
will  cut  each  other  in  the  centre  of  gravity  of  the  figure. 

For  a  cone  and  a  pyramid,  the  centre  of  gravity  is  in  the  axis  or  centre 
line,  at  a  distance  of  three-fourths  of  the  len^  of  the  axis  from  the  vertex, 
or  ondborth  from  the  base. 

For  an  arc  of  a  circle,  the  centre  of  gravit}^  lies  in  the  radius  bisecting  the 
arc,  and  the  distance  of  it  from  the  centre  of  the  arc  is  found  hy  multiplying 
the  radius  by  the  chord  of  the  arc,  and  dividing  by  the  length  of  the  arc ;  the 
quotient  is  the  distance  of  the  centre  of  gravity  from  the  centre  of  the  circle. 

For  a  sector  of  a  circle,  the  centre  of  gravity  is  two-thirds  of  the  distance 
of  that  of  an  arc,  from  the  centre  of  the  cirde.  It  is  found  independently 
by  multiplying  the  radius  by  twice  the  chord  of  the  arc,  and  dividing  by 
three  times  the  length  of  the  arc;  the  quotient  is  the  distance  of  the  centre 
of  gravity  from  the  centre  of  the  cirde. 

For  a  paral)olic  space,  the  centre  of  gravit}-  is  in  the  axis,  or  centre  line, 
and  its  distance  from  the  \  ertex  is  three-fifths  of  the  centre  line  or  axis. 

For  a  paraboloid,  the  centre  of  gravity  is  in  the  axis,  at  a  distance  from 
the  vertex  of  two-thirtls  of  the  axis. 

For  two  bodies,  fixed  or  suspended  one  at  each  end  of  a  straight  bar,  the 
common  centre  of  gravity  is  in  the  bar,  at  that  point  which  divides  the 
distance  between  their  individual  centres  of  gravity,  in  the  inverse  ratio 
of  the  weights  respectively.  For  example,  if  two  weights  of  ao  lbs.  and 
10  lbs.  be  suspended  on  a  bar  at  a  distance  of  9  feet  apart  between  their 
centres  of  gravity,  the  common  centre  of  gravity  will  divide  the  distance  in 
the  ratio  of  1  to  2,  being  feet  from  the  heavier  weight,  and  6  feet  from 
the  lighter.  In  this  examijle,  the  weight  of  the  bar  is  neglected;  but  it  may 
be  allowed  for  according  to  the  following  direction. 

For  more  than  two  bodies  connected  in  one  system,  the  common  centre 
of  gravity  may  be  found  by  finding,  i&  the  first  place,  the  common  centre 
of  gamty  of  two  of  them,  and  then  finding  that  of  these  two  jointly  with 
a  third,  and  so  on  to  the  last  body  in  the  group. 

Centra  of  Gyration. — Radius  of  Gyration. — Moment  of  Inertia, 

The  centre  of  g>Tation,  or  revolution,  is  that  point  in  a  revolving  body,  or 
system  of  bodies,  at  a  certain  distance  tVom  the  axis  of  motion,  in  which 
the  whole  of  the  matter  in  revolution  may,  as  an  equivalent  condition,  be 
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conceived  to  be  concentrated,  just  as  if  a  pound  of  platinum  were  substituted 
far  a  pound  of  revolving  feathers^  whitet  the  moment  of  inertia  remains  the 
same.  The  work  accumulated  in  the  body,  of  which  the  moment  of 
inertia  is  a  measure,  remains  in  such  a  case  the  same,  at  the  same  angular 
velocity;  and,  as  a  necessary  consequence,  if  the  same  accelerating  force 
be  applied  to  the  body  at  the  centre  of  gyration,  as  would  actually  be 
expended  over  the  distributed  matter  of  the  body  to  communicate  to  it  its 
angular  velocity,  the  same  angular  velocity  would  be  generated. 

The  distance  of  the  centre  of  gyration  from  the  axis  of  motion  is  called 
the  radius  of  gyration ;  and  the  moment  of  inertia  is  equal  to  the  product 
of  the  square  of  the  raidius  of  gyration  by  the  mass  or  weight  of  the  body. 

The  moment  of  inotia  of  a  revolving  body  is  found  exactly  by  ascertain- 
ing the  moments  of  inertia  of  every  particle  sepamtdy,  and  adding  them 
together  ;  or,  approximately,  by  adding  together  the  moments  of  the  small 
parts  arrived  at  b)-  the  subdivision  of  the  body. 

Rri.E  I.  To  find  the  moment  of  inertia  of  a  revolving  body.  Divide 
the  body  into  small  parts  of  regular  figure.  Multiply  the  mass,  or  the 
Weight,  of  each  part  by  the  square  of  the  distance  of  its  centre  of  gravity 
irom  the  axis  of  revolution.  The  sum  of  the  products  is  the  moment  of 
mertia  of  the  body. 

NtOe, — The  value  of  the  moment  of  inertia  obtained  by  this  process 
will  be  more  nearly  exact,  the  smaller  and  more  numerous  the  parts  into 
which  the  body  is  divided. 

Rule  2.  To  find  the  length  of  the  radius  of  gyration  of  a  body  about  a 
given  axis  of  revolution.  Divide  the  moment  of  inertia  of  the  body  by  its 
mass,  or  its  weight,  and  find  the  square  root  of  the  quotient.  The  square 
root  is  the  length  of  the  radius  of  gyration;  or 

'■='/F  

in  which  m  is  the  moment  of  inertia,  and  7v  is  the  weight  of  the  body. 
Note. — When  the  parts  into  which  the  body  is  divided  are  equal,  the 

radius  of  gyration  may  be  determined  1))  taking  the  mean  of  all  the  scjuares 

of  the  distances  of  tlie  parts  from  the  axis  of  revolution,  and  finding  the 

square  root  of  the  meaji  square. 
The  fallowing  are  useful  examples  of  the  radius  of  ^rration  of  bodies: — 
In  a  straight  bar,  or  a  thhi  rectangular  plate,  revolvmg  about  one  of  its 

endsy  the  radius  of  gyration  is  equal  to  the  length  of  the  rod,  multiplied  by 

\/  j4»  or  0.5773. 

In  a  straight  bar,  or  a  thin  rectangular  plate,  revolving  about  its  centre, 
the  raduis  of  gyration  is  equal  to  half  the  length,  multiplied  by 

^      or  0.5773. 

The  general  expression  for  the  radius  of  gyration  in  a  straight  bar  revolving 
on  any  point  of  its  length,  is 

in  which  a  and  b  are  the  lengths  of  the  two  parts  of  the  bar :  that  is  to  say, 

19' 
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divide  the  sum  of  the  cubes  of  the  two  parts  by  three  times  the  length  c€ 
the  bar,  and  extract  the  square  root  of  the  quotient   The  root  thus  found 

is  equal  to  the  radius  of  gyration. 

In  a  circiilnr  ])late,  a  solid  wheel  of  unitonn  thickness,  or  a  solid  cylinder 
of  any  lengtli,  revolving  on  its  axis,  the  radius  of  gyration  is  equal  to  the 
radius  of  the  object,  multiplied  by 

\/       or  0.7071. 

In  a  plane  ring,  like  the  rim  of  a  ily-wheel,  revolving  on  its  axis,  the  radius 
of  gyration  is  equal  to  the  square  root  of  half  the  sum  of  the  squares  of  the 
inside  and  outside  radius  of  the  rim. 

In  a  thin  circular  plate,  put  in  motion  round  one  of  its  diameters, 

the  radius  of  gy  ration  is  equal  to  half  the  radius  of  the  circle. 

For  the  circumference  of  a  circle,  revolving  about  a  diameter,  the  radius 
of  gyration  is  equal  to  the  radius  multiplied  by  0.7071. 

In  the  circumference  of  a  circle  revolving  about  its  own  axis,  tlie  radius 
of  gyration  is  equal  to  the  radius  of  the  circle. 

In  a  solid  sphere  revolving  about  a  diameter,  the  radius  of  gyration  is 
equal  to  the  radius  multiplied  by 

Vs.  or  0.6325. 

In  the  surface  of  a  sphere,  or  an  insensibly  thin  spherical  sheU,  the 
radius  of  gyration  is  equal  to  the  radius  multipUed  by 

^  fi,  or  0.8165. 

In  a  cone  revolving  about  its  axis,  the  radius  of  gyration  is  equal  to  the 
radius  multiplied  by  V.3,  or  .5477. 

Centre  of  Oscillation. 

The  centre  of  oscillation  of  a  body  vibmting  about  a  fixed  axis  or  centre 
of  suspension,  by  the  action  of  gravity,  is  that  point  in  which,  if,  as  an 
equivalent  condition,  the  whole  matter  of  the  vibrating  body  were  concen- 
trated, the  body  would  continue  to  vibrate  in  the  same  time.  It  is  the 
resultant  point  of  the  whole  vil>rating  energy,  or  of  the  action  of  gravity  in 
causing  oscillation.  As  the  particles  of  the  body  further  from  the  centre  of 
suspension  have  greater  velocity  of  vibration  than  those  nearer  to  it,  it  is 
apparent  that  the  centre  of  oscillation  is  more  distant  than  the  centre  of 
gravity  is  from  the  axis  of  suspension,  but  it  is  situated  in  the  centre  line 
n^ch  passes  from  the  axis  through  die  centre  of  gravity.  It  diffeis  also 
from  the  centre  of  gyration  in  this,  that  whilst  the  motion  of  oscillation  is 
produced  by  the  gravity  of  the  body,  that  of  gyration  is  caused  by  some 
other  force  acting  at  one  place  only. 

The  radius  of  oscillation,  or  the  distance  of  the  centre  of  oscillation  from 
the  axis  of  suspension,  is  a  third  proportional  to  the  distance  of  the  centre 
of  gravity  from  the  axis  of  suspension  and  the  radius  of  gyration.  Hence 
the  following  rule  for  finding  the  radius  of  oscillation : — 
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Rllk  3.  To  find  the  radius  of  oscillation  in  a  body  vibrating  on  an 
axis.  Square  the  radius  of  gyration  of  tlie  body,  and  divide  by  tl\e  distance 
of  the  centre  of  gravity  fiom  the  axis  of  siupensuHL  The  quotient  k  the 
radius  of  osdllation.  Or, 


If  the  axis  of  suspension  be  in  the  vertex  or  uppermost  point  of  a  plane 
figure,  and  the  motion  be  edge\Nise,  then, 

In  a  right  line,  or  straight  rod,  the  radius  of  oscillation  is  two-thirds 

of  the  length  of  the  ro  1. 

In  a  circle  suspended  at  the  circumference,  the  radius  of  oscillation  is 
three-fourths  of  the  diameter. 

In  a  rectangle  suspended  .by  one  of  its  angles,  it  is  two-thirds  of  the 
diagonal. 

In  a  parabola  suspended  by  the  vertex,  it  is  five^venths  of  the  axis 
plus  one-third  of  the  parameter. 

In  a  parabola  suspended  by  the  middle  of  its  base,  it  is  four-sevenths 

of  the  axis  plus  half  the  parameter. 

But,  if  the  oscillation  of  the  ])lane  figure  be  sidewise,  then, 

In  an  isosceles,  or  equal-sided  triangle,  it  is  three-fourths  of  the  height 
of  the  triangle. 

In  a  circle  it  is  five-eighths  of  the  diameter. 

In  a  parabola  it  is  five-sevenths  of  the  axis. 

In  a  sector  of  a  drde  suspended  by  the  centre,  it  is  three-fourths  of  the  * 
radius  miUtiplied  by  the  length  of  the  arc,  and  divided  by  the  length  of  the 
chord. 

In  a  cone  it  is  four-fifths  of  the  axis,  plus  the  quotient  obtained  by 
dividing  the  square  of  the  radius  of  the  base  by  five  times  the  axis. 

In  a  sphere  it  is  two-fifths  of  the  square  of  the  radius  divided  by  the  sum 
of  the  radius  and  the  length  of  the  cord  by  which  the  sphere  is  suspended, 
plus  the  radius  and  the  length  of  the  cord.  For  example,  in  a  sphere 
16  inches  in  diameter,  suspended  by  a  cord  25  inches  long,  the  radius  of 
oscQlation  is 


It  may  be  noted  that  the  depression  of  the  centre  of  oscillation  below 
die  centre  of  the  sphere,  namely,  a  78  inch,  is  signified  in  the  first  quantity 
in  this  eqnatioiL 


A  "simple  pendulum"  is  the  most  elementary  form  of  oscillating  body, — 
consisting  theoretically  of  a  heavy  particle  attached  to  one  end  of  a  cord, 
or  an  inflexible  rod,  without  weight,  and  caused  to  vibxate  on  an  axis  at 
the  other  end,  or  the  centre  of  suspension. 

If  an  ordinary  pendulum  be  inverted,  so  that  the  centre  of  oscillation  shall 
become  the  centre  of  suspension,  then  the  first  centre  of  suspension  will 
become  Uie  new  centre  of  osciUation,  and  the  pendulum  will  vibrate  in  the 


Radius  of  oscillation  = 


radius-  of  gyration. 


(3) 


distance  of  centre  of  gravity  from  axis. 


TA€  Fmdulum, 
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same  time  as  before.    This  reciprocal  action  of  the  pendulum  is  a  property 
of  all  pendulous  bodies,  and  it  b  known  as  the  xeciprod^  of  the  poiduium. 
The  time  of  vibration  of  an  ordinaiy  pendulum  dq>ends  on  the  angle  or 

the  arc  of  vibration,  and  is  greater  when  the  arc  of  vibration  is  greater,  but 

in  a  very  much  smaller  proportion;  and  if  this  arc  do  not  exceed  4"*  or  5°, 
that  is  to  say,  from  2'^  to  2^°  on  each  side  of  the  vertical  line,  the  time  of 
vibration  is  sensibly  the  same,  however  the  length  of  the  arc  ma)-  vary 
within  that  limit.  This  property  of  a  pendulum,  of  equal  times  of  vibration, 
is  known  as  isochronism. 

To  construct  a  pendulum  such  that  the  time  of  vibration  shall  be  the 
same  whatever  the  magnitude  of  the  angle  of  vibration  may  be,  it  is  neces- 
sary to  cause  the  pendulum  to  vibrate,  not  in  a  circular  arc,  but  in  a 
cycloidal  cur\  e.  For  this  object  the  pendulum  is  suspended  by  a  flexible 
thread  or  rod,  which  oscillates  between  two  keloidal  surfaces,  on  which  it 
alternately  laps  and  unlaps  itself;  these  are  generated  by  a  circle  of  which 
the  diameter  is  equal  to  half  the  length  of  the  iK-nduliim.  By  means  of 
the  circle  o  b,  Hg.  98,  for  example,  of  which  the  diameter  is  iialf  the  length 

of  the  pendulum,  describe  the  right  and 
left  cycloidal  cun  es  o  c  a,  o  c'  a',  on  the 
horizontal  line  a  a';  and  draw  the  tangent 
c  B  c',  touching  the  cycloids  at  the  middle 
of  their  lengths.  The  half-1  engths  o  c,  o  c', 
are  equal  to  twice  the  diameter  of  the 
generating  circle  o  b,  and  consequently 
etjual  to  the  length  of  the  i)enduluni,  which 
FSg.  58.— Cycloidal  Pendulum.  will  vibrate  in  equal  times,  on  the  centre 

of  suspension  o,  between  the  entire  half- 
lengths  o  c,  o  c',  or  in  any  shorter  path.  The  cur\e  c  p  c'  thus  described 
by  the  pendulum,  is  itself  a  cycloidal  curve,  and  is  a  duplicate  of  the  other 
cycloids.  Though  a  cycloidal  motion  of  the  pendulum  is  necessaiy  to  render 
it  isochronous  for  all  angles  of  vibration,  yet  taking  very  small  arcs  of  the 
cycloidal  path  on  either  side  of  the  vertical  line,  they  do  not  sensibly  difier 
from  the  circular  arcs  which  would  be  described  by  an  ordinary  pendulum 
of  the  sanic  length  (o  p)  swinging  freely.  Hence  the  reason  that  the  ortiinary 
penduhun  vibrates  in  equal  times  when  its  vibrations  do  not  exceed  4  or 
5"^  in  extent. 

Tlie  length  of  the  pendulum  vibrating  seconds  at  the  level  of  the  sea 
in  the  latitude  of  London  is  39.1393  inches,  nearly  a  metre;  at  Paris 
it  is  39.1279;  at  Edinburgh  it  is  39.1555  inches;  at  New  Yoik,  39.X0153 
inches;  at  the  equator  it  is  39.037  inches,  and  at  the  pole  it  is  39.197 
inches.  Generally,  if  the  force  of  gravity,  or  the  length  of  the  seconds 
pendulum  at  the  equator  be  represented  by  i,  the  gravity,  or  the  leAgth  of 
pendulum  at  otlier  latitudes  will  be  as  follows : — 

Length  0/  Sao/his  Fauiulum* 

At  the  equator   i. 00000 

„  30°  latitude   1.001 41 

45       M    1.00283 

»     52  M    100357 

,»     60  „    1.00423 

„  90      „    (the  pole)   1.00567 
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According  to  these  ratios,  the  force  of  gravity,  and  the  length  of  the 
seconds  pendulum,  at  the  pole,  are  ^/ijtth  greater  than  at  the  equator;  there 
being  a  difference  of  length  of  between  a  foiirtfa  and  a  fifth  of  an  inch. 

The  following  are  the  relations  of  the  lengths  of  pendulums  and  tfie  times 
of  their  vibrations,  that  is  to  say,  of  such  as  vilnate  through  equal  angle?, 
or  of  which  the  total  angle  of  vibration  does  not  exceed  4°  or  5**: — 

The  times  of  vibration  of  {pendulums  are  proportional  to  the  square  root 
of  the  lengths  of  the  pendulums. 

Conversely,  the  lengths  of  i)endulums  are  to  each  other  as  the  squares  of 
the  times  of  one  vibration,  or  inversely  as  the  squares  of  the  numbers  of 
vibrations  in  a  given  time. 

The  length  of  the  seconds  pendulum  at  London,  39.1393  inches,  may 
be  taken  as  a  datum  for  calcidation  applicable  to  pendulums  of  different 
lengths,  and  to  different  times  of  vibration. 

Rule  4.  To  find  the  time  of  vibration  of  a  pendulum  of  a  given 
length.  Divide  the  square  root  of  the  given  length  in  inches  by  the 
square  root  of  39- 1393,  or  6.2561.  The  quotient  is  the  time  of  a  vibration 
in  seconds.  Or 

*  ^  39-^93  6.2561' 
in  which  /  is  the  given  length  of  pendulum  in  inches,  and  /  the  time  of 
▼ibration  in  se<  onds. 

Rule  5.  To  find  the  number  of  vibrations  per  second  of  a  pendulum  of 
given  length.  Divide  6.2561  by  the  square  root  of  ihe  length  in  inches. 
The  quotient  is  the  number  of  vibrations  per  second. 

For  the  number  of  vibrations  per  minute.  Divide  375.366  by  the 
square  root  of  the  length  in  indies.  The  quotient  is  the  number  ad 
vibrations  pet  minute.  Or 

«  =  ^^J' (per second);  (5) 

n   375-3^^  ^p^.j.  minute) ;  (  5  ) 

m  which  n  is  the  number  of  vibrations. 

Rule  6.  To  find  the  length  of  a  pendulum  when  the  time  of  a 
vibration  is  given.  Multiply  the  square  of  the  time  of  one  vibration  in 
seconds  by  39.1393.  The  product  is  the  length  of  the  pendulum  in 
inches.  Or 

/-/'-  X  39.1393   (  6  ) 

Rule  7.  To  hnd  the  length  of  a  pendulum  when  the  number  of 
vibrations  per  second  is  given.  Divide  39.1393  by  the  scjuare  of  the  num- 
ber of  vibrations  in  a  second.  The  quotient  is  the  length  of  the  pendulum 
in  indies. 

When  the  number  of  vibrations  per  minute  is  ^ven.  Divide  140,900 
by  the  square  of  ihe  number  of  vibrations  in  a  mraute.  The  quotient  is 
the  length  of  the  pendulum  in  inches.  Or 

7-     391393     .  /-\ 
«^  (per  second)' 

/_     140,900    /  . 

(per  minute) ' 
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A  peodultun  may  be  shortened  and  yet  vibrate  in  the  same  time  as 
before,  by  the  action  of  a  second  weight  fixed  on  the  pendulum  rod  above 
the  centre  of  suspension.  Here  the  upper  weight  counteracts  the  lower, 
and  there  is  only  the  balance  of  gravitating  force  due  to  the  preponderance 

of  the  lower  weight  available  for  vibrating  both  masses.  The  mass  being 
thus  increased  while  liie  gravitating  force  is  diminished,  a  longer  time  is 
recjuired  for  each  vibration  when  tiie  length  of  pendulum  remains  unaltered, 
or  the  pendulum  may  be  shortened  so  that  the  time  of  the  vibrations  con- 
tinues the  same.  By  varying  the  height  of  the  upper  weight  above  the 
centre  of  suspension,  and  thus  varying  the  level  of  the  common  centre  of 
gra\  ity,  the  period  of  vibration  is  varied  in  proportion. 

Rule  8.  To  find  the  weight  of  the  upper  bob  of  a  compound  jjendulum 
necessar}'  to  vibrate  seconds,  when  the  weight  of  the  lower  bob  is  given, 
and  the  resi)ective  distances  of  the  bobs  from  ihc  centre  of  susi)ension. 
Multiply  the  distance  in  inches  of  the  lower  bol)  from  the  centre  of  suspen- 
sion by  39.1393,  and  from  tiie  product  subtract  the  square  of  that  distance 
(i);  again,  multiply  the  distance  in  inches  of  the  upper  bob  from  the 
centre  of  suspension  by  39.1393,  and  add  the  square  of  that  distance 
(3);  multiply  the  lower  weight  by  the  remainder  (i),  and  divide  by  the 
sum  (3).   The  quotient  is  the  weight  of  the  upper  bob.  Or 

in  which  D  and  (/  are  the  respective  distanc  es  of  the  lower  and  upper  bobs 
from  the  centre  of  susi)ension,  and       70,  their  resj)ective  weights. 

Thus,  by  means  of  a  second  bob,  pendulums  of  small  dimensions 
may  be  made  to  vibrate  as  slowly  as  may  be  desired.  The  metronome, 
an  instrument  for  marking  the  time  of  music,  is  constructed  on  this 
principle,  the  upper  weight  being  slid  and  adjusted  on  a  graduated  rod 
to  measure  fast  or  slow  movements. 

The  Centre  of  Percussion. 

If  a  blow  is  struck  by  an  oscillating  or  revolving  body  moving  about  a 
fixed  centre,  the  percussive  action  is  the  same  as  if  the  whole  mass  of 
the  body  were  concentrated  at  the  centre  of  oscillation.  That  is  to  say, 
the  centre  of  percussion  is  identical  with  the  centre  of  oscillation,  and 
its  position  is  found  by  the  same  rules  as  for  the  centre  of  oscillation. 
If  an  external  body  is  so  struck  that  the  mean  line  of  resistance  passes 
through  the  centre  of  percussion,  then  the  whole  force  of  percussion  is 
transmitted  dirertly  to  the  external  body;  on  the  contrary,  if  the  revolving 
body  be  struck  at  the  centri-  of  percussion,  the  motion  of  the  revolving 
body  will  be  absolutely  destroyed,  so  that  the  body  shall  not  incline  either 
way,  just  as  if  every  particle  separately  had  been  struck. 

CENTRAL  FORCES. 

When  a  body  revolves  on  an  axis,  every  particle  moves  in  a  cirde  of 
revolution,  but  would,  if  fineed,  move  off  in  a  straight  line,  forming  a  tangent 
to  the  circle.  The  force  required  to  prevent  the  body  or  particle  flying 
from  the  centre  is  called  centripetal  force,  and  the  tendency  to  fly  fr9m 
the  centre  is  ceritrifuga/  force.  These  forces  are  equal  and  opposite — 
examples  of  action  and  reaction — ^and  are  classed  as  central  forces. 
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Centrifugal  force  varies  as  the  square  of  the  speed  of  levolutioii. 
It  varies  as  the  radius  of  the  cirde  of  revolution. 
It  varies  as  the  mass  or  the  weight  of  the  revolving  body. 
Let  r  be  the  centrifugal  force  in  pounds,  tu  the  weight  of  the  revolving 
body  in  pounds,  r  the  radius  of  revolution  or  gyration  in  inches,  m  the  mass 

of  the  body  =  y-,  in  which  ^=32.2  or  gravity ;  and  v  the  linear  or  circum- 
ferential velocity  in  feet  per  second ;  then 

r      $2.2  r 

That  is  to  say,  the  centrifugal  force  of  a  revolving  body  is  equal  to  the 
weight  of  the  body  multiplied  by  the  square  of  the  linear  velocity,  divided 
by  32.2  times  the  radius  of  gyration. 

If  the  height  due  to  the  velocity  be  substituted  for  the  velocity  in  the 

above  equation,  the  height  A  being  equal  to  ^—y  then 

64.4 

^_2w^    2  w  h 
64.4  r      r  * 

and 

e  \  w  \  \  2  h  \  r. 

That  is  to  say,  the  centrifugal  force  is  to  the  weight  of  the  body  as  twice  the 
height  due  to  the  velocity  is  to  the  radius  of  gyration. 

From  the  first  equation  the  following  rules  for  revolving  bodies  are 
deduced,  for  finding  one  of  the  four  elements  when  the  other  three  are 
given: — namely,  the  centrifugal  force,  the  radius  of  gyration,  the  linear 
velocity,  and  the  weight 

Rule  i.  For  the  centrifugal  force.  Multiply  the  weight  by  the  square 
of  the  speed,  and  divide  by  33.2  times  the  radius  of  gyration.  The  quotient 
is  the  centrihigal  force.  Or 

c-   ( I  ) 

Rule  2.  For  the  linear  velocity.  Multiply  the  centrifugal  force  by  the 
radius  of  gyration,  and  by  32.2,  and  divide  by  the  weight;  and  find  the 
square  root  of  the  quotient.   The  root  is  the  vdodty.  Or 


's/'-^  <o 


V 

Rule  3.  For  the  weight.  Multiply  the  centrifugal  force  by  the  radius  of 
gyration,  and  by  32.2,  and  divide  by  the  square  of  the  velocity.  The 
quotient  is  the  weight  Or 

 (3) 

Rule  4.  For  the  radius  of  gyration.  Multiply  the  weight  by  the  square 
of  the  velocity,  and  divide  by  the  centrifiigal  force,  and  by  33.3.  The 
quotient  is  the  radius  of  gyration.  Or 
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Note. — ^When  the  velocity  is  expressed  as  angahor  velocity,  in  revolutions 
per  unit  of  time,  it  is  to  be  reduced  to  linear  or  circumferential  velocity  by 
multiplying  it     the  radius  of  gyration  and  by  6.2832 ;  or 

V  =  6.2832  V  r, 

in  which  1'  is  the  angular  velocity. 

By  substitution  and  reduction  in  equation  (i),  the  following  equation  in 
terras  of  the  angular  velocity  is  arrived  at : — 

0.8156  c^wri^t   (5) 

from  which  is  found 

c^^L^^U22twrtf^   (6) 

0.0156 

That  is  to  say,  the  centrifugal  force  is  equal  to  the  weight  multiplied  by  the 
radius  of  gyration  and  by  the  square  of  the  angular  velocity,  and  by  1.226. 

MECHANICAL  ELEMENTS. 

The  function  of  mechanism  is  to  receive,  concentraie,  dilfuse,  and  apply 
power  to  overcome  resistance.  The  combinations  of  mechanism  are  num- 
berless; but  the  primary  elements  are  only  two,  namely,  the  lever  and  Uie 
indined  plane.  By  the  lever,  power  is  transmitted  by  circular  or  angidar 
action;  that  is  to  say,  by  action  about  an  axis;  by  the  inclined  plane,  it  is 
transmitted  by  rectilineal  action.  The  principle  of  the  lever  is  the  basis  of 
the  pullt-y  and  the  'li^hcel  and  axle;  that  of  the  indined  plane  is  the  basis  of 
the  7iieJge  and  the  scrniK 

For  the  ])resent.  frictional  resistance  and  the  weight  of  the  mechanism 
are  not  considered;  the  terminal  resistance  is  called  the  tt'cig///;  and  the 
elemental  mechanisms  are  to  be  treated  as  in  a  state  of  equilibrium,  in 
which  the  power  exactly  balances  the  weight  without  actual  movement 
The  action,  or  work  done,  will  be  subsequendy  treated 

The  I. ever. 

The  elementary  lever  is  an  inflexible  straight  bar,  turning  on  an  axis  or 
fixed  point,  called  the  fulcrum;  the  h^rce  being  transmitted  by  angular 

motion  about  the  fulcrum,  from  the 
point  where  the  power  is  applied  to  the 
point  where  the  weight  is  raised,  or 
other  resistance  overcome.  There  are 
three  varieties  of  the  lever,  according 
^  as  the  fulcrum,  the  weight,  or  the 
power  is  placer!  bet\\'een  the  other  two, 
but  the  action  is,  in  cver\'  rase.  re- 
Fig.  99.— Lever.  ducible  to  that  of  three  parallel  forces 

in  equilibrium  (page  275). 
First.  The  power  is  applied  at  one  end  dj  of  the  lever  a  d  c,  Fig.  99,  and 
transmitted  through  the  fulcrum,  ^,  to  the  weight  at  the  other  end  The 
moments  of  die  power  and  the  weight  about  the  fulcrum  are  equal,  or 

power  y^a  b    weight  x  ^  r. 

That  isy  the  product  of  the  power  by  its  distance  from  the  fulcrum  is  equal 


i 
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to  the  pioduct  of  the  weight  by  its  distitioe  fiom  the  fulcrum.  Coose- 
quoitly 

power  :  weight  : :  dc  :  ad, 

that  is,  the  power  and  the  weight  are  to  each  other  inversely  as  their 
respective  distances  from  the  fulcrum. 

The  ratio  of  the  length  of  the  power  end  of  the  lever  to  the  length  of  the 
weight  end  is  odled  the  leverage  of  the  power.  The  respective  leqgths, 
Fig.  99,  being  7  feet  and  i  foot,  the  leverage  is  7  to  i,  or  7. 

The  three  varieties  of  the  lever  arc 
grouf>ed  together  in  Figs.  100,  loi,  and 
102.  In  each  case,  the  lever  is  siip|)ost'd 
to  be  8  feet  long  and  divided  into  feet 
The  leverage,  in  the  first,  is  7  to  i,  or  7; 
in  the  second,  8  to  i,  or  8;  in  the  third, 
^  to  t,  or  ^ :  showing  that,  in  the  first 
case,  the  power  balances  seven  times  its 
own  amount;  in  the  second  case,  eigh 
times  its  amount;  in  the  tiiird  case,  <mly 
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tig.  Ma— Lever,  xst  kind. 
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Fig.  lox.— Lerer,  ad  kind. 


Fig.  los.— Lever,  3d  load. 


one-eighth  of  itself,  because  it  is  nearer  to  the  fulcrum  than  the  weight. 

In  each  case  the  moments  of  the  power  and  the  weight  about  the  fulcrunj 
are  equal,  for,  in  each  case, 

Pxa^=Wx^<^...^  <tf) 

Hie  pressures  exerted  at  the  extremities  of  the  lever  act  in  the  same 
direction,  and  the  sum  of  them  is  etiqal  and  opposite  to  the  intermediate 
pressure,  whether  it  be  that  of  the  fulcrum,  the  weight,  or  the  power  ). 
From  this  the  pressure  on  the  fulcrum  may  be  found.  If  it  be  in  the 
middle,  the  pressure  is  equal  to  the  sum  of  the  power  and  the  weight,  that 
is,  60  4-  420  ^  480  lbs.  in  the  example  above;  if  at  one  end,  it  is  eijual  to 
the  difference  of  them,  that  is,  it  is  480  -  60  =  420  lbs.  when  the  weight  is 
in  the  middle,  and  it  is  60-  7>^  ^  52^  lbs.  when  the  power  is  in  the 
middle. 

From  the  equation  for  the  equality  of  moments, 

orPxL  =Wx/,  (d) 

in  which  L  and  /  are  the  respective  distances  of  the  power  and  the  weight 
from  the  fulcrum,  rules  may  be  formed  for  finding  any  one  of  the  four 
quantities,  when  the  other  ihtee  are  given. 

Rule  i.  To  find  the  power.  Multiply  the  weight  hy  its  distance  from 
the  fulcrum,  and  divide  by  the  distance  of  fdat  power  from  the  frilcrum. 
The  quotient  is  the  power. 
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Or,  divide  the  weight  by  the  leverage.  The  quotient  is  the  power.  Or 


L  ' 


(I) 


Rule  2.  To  find  the  weight.  Multiply  the  power  by  its  distance  from 
the  fulcrum,  and  divide  by  the  distance  of  the  weight  from  the  fulcrum. 
The  quotient  is  the  weight 

Or,  multiply  the  power  by  the  leverage.   The  product  is  the  weight  Or 

w=^^  ".  (») 

Rule  3.  To  find  the  distance  of  the  power  from  the  fulcnmi.  Multiply 
the  weight  by  its  distance  from  the  fulcrum,  and  di\  ide  by  the  power.  The 
quotient  is  the  distance  of  the  power  from  the  fulcrum.  Or 

Rule  4.  To  find  the  distance  of  the  weight  from  the  fulcnim.  Multiply 
the  power  by  its  distance  from  the  fulcrum,  and  divide  by  the  weight  The 
quotient  is  the  distance  of  the  weight  from  the  fulcrum.  Or 

/PL  .  . 

If  the  weight  of  the  lever  be  included  in  such  calculations,  its  influence 

is  the  same  as  if  its  whole  weight  or  its  mass  were  collected  at  its  centre  of 
gravity.  Thus,  if  the  lever  of  the  first  kind,  Fig.  100,  weighs  30  lbs.,  and  its 
centre  of  gravity  be  at  the  middle  of  its  length,  the  weight  of  tlie  lever 
co-operates  with  the  power,  at  a  mean  distance  of  3  feet  from  tlie  fulcrum. 
By  equality  of  moments 

(P  X  7)  X  (30  X  3)  -  W  X  I  =  420  lbs.  X  I, 

and  P  X  7  -  420  -  90  -  330  lbs.; 

therefore  P,  the  power  at  the  end  of  the  lever  required  to  balance  the 


Fig.  103.— Inclined  Lever. 


FIf.  t04.~Incr>ned  Lever. 


weight,  is  only  330 -=-7  =47.1  lbs.  in  co-operation  with  the  weight  of  the 
lever,  as  compared  with  60  lbs.,  without  reckoning  the  aid  from  this  source. 
When  the  lever  is  inclined  to  the  direction  of  the  forces,  as  in  Fig.  103, 
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equilibrium,  or  the  equality  of  moments,  may  nevertheless  be  maintained. 
Drawing  the  horisontel  line  d      through  the  fulcrum,  to  meet  the  ver- 
ticals tlooiigh  the  power  and  the  weight  at  d  and    the  moments  of  the 
power  and  the  weight  are  to  be  estimated  on  the  horizontal  lengths^  ^,  b 
and 

the  moment  P  x  a'  ^  =  the  moment  W  x  ^ 

The  equality  of  moments  may  be  proved  in  another  way.  Let  the 
power  and  the  weight  be  resolved,  in  order  to  find  the  pressures  on  the 
ends  of  the  lever,  at  right  angles  to  it,  and  thus  to  arrive  at  the  moments 
as  estimated  on  the  actual  length  of  the  lever.  Let  the  verticals  through 
the  ends  of  the  lever,  a  m  and  c  «,  Fig.  104,  represent  the  power  and  the 
weight  respectively,  and  draw  a  P'  and  c  W  perpendicular  to  the  lever,  and 
m  P'  and  n  W  parallel  to  it,  completing  the  triangles  a  m  P',  c  n  W.  Then 
a  P'  and  c  AV  are  the  com])onents  of  the  power  and  the  weight  respectively 
tending  to  turn  the  lev^r;  and,  it  may  be  added,  they  bear  the  same  ratio 
to  each  other  as  the  power  and  tlie  weight.  Consequently,  if  the^e  com- 
ponents be  multiplied  hf  the  respective  lengths  of  the  lever,  the  products 
will  be  the  moments  <^  the  components,  and  the  moments  will  be  equal;  or 

the  moment  a  P'  x  a  ^  =  the  moment  cW^'  >t.bc. 

These  two  methods  of  analyzing  and  finding  the  moments  of  the  forces 
acting  on  an  inclined  lever — one,  combining  a  reduced  length  of  lever  with 

the  whole  power  and  weight;  the  other,  combining  the  whole  length  of 
lever  with  a  reduced  ])0wer  and  weight — lead  to  one  conclusion,  that  a 
lever,  if  l)alanced  in  one  position,  is  balanced  in  every  other  position, 
when  the  forces  continue  to  act  in  parallel  Unes. 


Fig.  los.— Bent  Lsvcr. 


0 


Fig.  X06.— B«Bt  L««ir. 


The  conditions  of  equilibrium  in  a  bent  lever  may  be  defined  similarly. 
Let  the  lever  a  b  Fig.  105,  be  bent  at  the  fulcrum  b;  draw  the  horizontal 
line  a'  b  then  the  moments  of  the  power  and  the  weight  arc  reckoned 
on  the  lines  a'    b  ^,  and  they  are  equal  to  each  otihtf ;  or 

Pxa'^^Wx^^. 
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Again,  let  the  fofces  acting;  on  a  lever,  whether  straight  or  ben^  be 
otherwise  Uum  vertical  or  puaHeL  When  the  arms  of  the  lever  are  at 
light  angles^  and  the  power  and  the  wdght  applied  at  right  angles  to  tiie 
arms, as  in  Fig.  io6,  the  moments  aie  reckoned  directiy on  the  Banm,a^,^€, 
as  in  a  straight  lever;  and 

the  moment  F  x  a  ^=the  moment  W  xdc 

The  dmist,  or  pressure  on  the  fulcrum,  is  in  this  case  less  than  the  sum  of 
the  power  and  the  weight;  Kod  it  may  be  determined  by  constructing  a 

parallelogram  upon  the  two  arms  of  the 
lever,  the  arms  representmg  inversely  the 
respective  forces.  That  is,  {i  b  represents 
tlie  magnitude  and  direction  of  the  weight 
W,  and  0  c  those  of  the  power  P.  I'he 
diagonal  b  of  the  paraUelognun  repre- 
sents the  ma^^tude  and  direction  of  the 
third  force  acting  at  the  fulcrum  to  oppose 
the  other  two  and  maintain  equilibrium. 

When  the  same  lever  is  tilted  into  an 
oblique  position,  the  power  continuing  to 
act  horizontally  on  the  lever,  Fig.  107, 
draw  the  vertical  b' d  through  the  end  c  of 
the  lever,  and  produce  the  power  line  ap\x>  meet  it  at  bf.  Complete  the 
panllelo^ram  a  1/  <f  b;  then  the  sides  b  and  ^  ^  are  the  perpendiculars 
to  the  directions  to  tiie  power  and  weight,  on  which  the  moments  are 
reckoned,  so  that 

the  moment  P  x        the  moment  W  x  ^ 
The  diagonal  ^  ^  is  the  resultant  force  at  the  fiilcrmn. 


Fig.  107. — Bent  Lever. 


Fig.  M9. 


If  the  power  do  not  art  horizontally,  but  in  some  other  direction,  a  /, 
Fig.  108,  produce  the  power-line  pa  and  draw  bd  perpendicular  to  it 
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Draw  d  as  before ;  then  the  moments  are  reckoned  on  the  perpendiculars 
b  a",  ^  c',  and,  as  before, 

To  find  the  resultant  force  at  the  fulcrum.  On  the  Hilcrani  ^  as  a  centre 
describe  arcs  of  circles  with  the  radii  d  of  and  b  ^,  and  draw  hif^b^ 

respectively  parallel  to  the  directions  of  the  weight  and  the  power,  to  cut 
the  arcs  at  a"  and  c".    Complete  the  i^nrallelogram,  and  the  diagonal  b 
represents  in  magnitude  and  direction  the  resultant  force  at  the  fulcrum. 

In  this  solution  the  ])owcr  and  the  weight  are  assumed  to  act  exactly, 
or  sensibly,  in  the  same  plane. 

Again,  in  the  serpentme  lever  u  b  c.  Fig.  109,  supposed  to  be  a  pump- 
handle,  the  power  P  is  applied  obliquely  in  the  direction  a  P.  Produce 
P  a  and  W  c,  and  draw  die  perpendiculars  baf^bd  from  ^e  fulcrum  for 
tilie  lengths  of  the  moments,  dien 

Construct  the  parallelogram,  as  in  the  foregoing  figure,  and  the  diagonal 
b     repres^ts  the  resultant  force  at  the 

fulcrum.  ^ 

Bv  similar  treatment  the  action  of  the 
forces  in  levers  of  the  second  and  third  ! 


kinds  ma^'  be  analyzed.   The  lever  of  the  A\ 

second  kmd,  acbj  Fig.  1 10,  in  an  oblique      :  ^J^^^  O 

position,  is  acted  on  horizontally  by  the  i       •  P 

power  and  the  weight  at  a  and  c;  draw  Z"*^ 

the  vertical  b  /  a",  then  b  c*  and  b  a'  are  \^ 

the  distances  at  which  the  forces  act  from  W 

the  fulcrum,  or  the  lengths  of  the  mo-  Fig.  na— Lem-ofthcadkind. 

ments,  and 

and  the  horizontal  resultant  force  at  the  fulcrum  is  equal  to  fhe  difTerenoe 
of  the  weight  and  the  power. 

If  more  than  two  forces  be  applied  to  a  lever  in  a  state  of  equilibrium, 
the  sum  of  the  moments  tending  to  turn  the  lever  in  one  direction  is  equal 

to  the  sum  of  those  tending  in  the  opposite  direction. 

Tf  two  or  more  levers  are  connected  consecutively  one  to  the  other,  so 
that  they  act  as  one  system,  with  the  ])o\ver  and  the  weight  at  the  extremi- 
ties, then,  in  equilibrium,  the  ratio  of  the  power  to  the  weight  is  the  product 
of  the  separate  inverse  ratios  of  all  the  levers.  For  example,  in  a  connected 
series  of  three  levers,  having  each  tiieir  arms  in  the  ratio  of  3  to  i,  the 
combined  inverse  ratio  is  found  by  multipl>ing  2  by  2  and  by  2 ;  thus 

first  lever  2  to  r  ratio, 

second  lever  2  to  i  ratio, 

third  lever  ,  2  to  i  ratio, 

compound  ratio  8  to  1. 

That  is,  the  power  is  to  the  weight  as  i  to  8. 
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The  Pulley. 

The  pulley  is  a  wheel  over  which  a  cord,  or  chain,  or  band  is  passed,  in 
order  to  transmit  the  force  applied  to  the  cord  in  another  direction.  It  is 
equivalent  to  a  continuous  scries  of  levers,  with  ecjual  arms  on  one  fulcnim 
or  axis,  and  affords  a  continuous  circular  motion  instead  of  the  intcrnnticnt 
circular  motion  of  one  lever,  l^e  weight  W,  Fig.  1 1 1,  is  sustained  by  the 
power  P,  by  means  of  a  cord  passed  over  the  pulley  A,  in  fixed  supports, 
and  the  centre  line  abc  represents  the  element  of  the  lever,  from  the  ends 
of  which  the  power  and  the  weight  may  be  conceived  to  depend,  turning 
on  the  fulcrum  b.  By  equality  of  moments,  P  x  a  ^  -  W  x  ^  c;  and  the 
arms  or  radii  a  h  c  heinir  equal,  the  power  is  equal  to  the  weight,  and  the 
counter-pressure  at  the  fuU  rum  is  eijunl  to  twice  the  weight. 

When  the  power  and  weight  at  t  in  tlirections  at  an  angle  with  each  t)ther, 
as  in  Fig.  112,  the  acting  radii  ab^  bCy  representing  the  clement  of  a  bent 


FSg.  Its.— Pullejr.  F%.  iia.— ^Iky.  Fig.  si3.~PtoIley. 


lever,  are  lines  drawn  from  the  centre  perpendicular  to  the  directions  of  the 

power  and  weight.  The  power  is  equal  to  the  weight,  but  the  counter- 
pressure  on  the  fulcrum  is  less  than  twice  the  weight,  and  is  represented  by 

the  diagonal  bb'  of  the  parallelogram  formed  by  the 
radii  b  a\  bc^,  drawn  from  the  fulcrum  parallel  to 
the  directions  of  the  power  and  the  weight  respec- 
tively. 

Another  construction  for  the  parallelogram  of 

forces  in  the  action  of  the  pulley  is  obtained  by 
poxxlucing  the  directions  of  the  power  and  the  weight 

beyond  the  pulley,  Fig.  113,  intersecting  each  other 
at  //,  then  fonning  the  parallelogram,  and  drawing 
the  diagonal  as  the  resultant  pressure  on  the 
fulcrum. 

Thus  the  single  fixed  pulley  acts  like  a  lever  of  the 
first  kind,  and  simply  changes  the  direction  of  force, 
without  modifying  the  intensity  of  the  power. 

But  the  pulley  may  be  employed  as  a  lever  of  the 
second  kind  by  suspending  the  weight  to  the  axis 
of  the  pulley,  and  fixing  one  end  of  the  cord  to  a  point  as  a  fulcrum 
point   Thus,  in  Fig.  114,  the  weight  W  is  suspended  from  the  axis  ^, 


Fig.  114.— Movable  PuUey, 
as  a  lever  of  the  ad  land. 
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the  cord  is  fixed  to  the  point  b\  and  the  power  P  acts  through  the  diameter 
aeb^x^  which  ^  is  the  fulcrum.    By  equality  of  momentSy 

that  is,  the  product  of  the  power  by  the  diameter  of  the  pulley  is  equal  to 
the  product  of  the  weight     the  radius  of  the  pulley, 
and  the  leverage  being  as  2  to  i,  the  power  is  only 
half  the  weight 

In  acting  as  a  lever  of  the  third  kind,  the  power  is 
applied  to  the  axis  ^,  Fig.  115,  one  end  of  the  cord 
being  fixed  at  ^,  and  the  weight  attached  at  the  other 
end,  c.  In  this  case,  by  CHjuality  of  moments  the 
product  of  the  power  by  the  radius  of  the  pulley  is 
equal  to  that  of  the  weight  by  the  diameter,  and  the 
leverage  being  as  i  to  3,  the  power  is  twice  the  weight 

These  demonstrations  with  respect  to  movable 
pulleys  only  apply  to  cases  of  parallel  cords;  that  is 
to  say,  when  the  direction  of  the  power  is  parallel  to 
that  of  the  weight.  If,  on  the  contrary,  they  be  inclined 
to  each  other,  as  in  Fig.  116,  in  which  the  weight  is  suspended  by  the 
axis,  the  power  becomes  greater  than  half  the  weight,  as  is  shown  by  the 
parallelogram  of  which  the  diagonal  c'  c"  represents  the  weight,  and  the 
sides  /Ir/^^,  the  pull  on  the  fidcrum,  and  the  power  exerted  to  sustain 
the  weight   ^ich  of  these  sides  is  greater  than  half  the  diagonal 


Fig.  1 15.— Movable  Pulley, 
as  >  fever  of  die  3d! 


rig.  st6.— Movmbk  Polley.  FSg.  iiT.'^Pulfey-BloGln. 


Combittaiiom  of  Pulleys. — Fast  and  Lx)ose  Pulleys. — In  these  last  two 
applications  of  the  pulley,  it  becomes  movable  when  in  action,  and  by  com- 
bming  two  or  more  movable  pulleys  on  the  same  or  diffiemt  axles  m  one 
blodc»  wilfa  one  cord,  the  gain  of  power  may  be  increased  in  the  same  pro- 
poctioiL    The  monikAit  block  A,  Fig.  117,  canytng  the  weight,  is  used 
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with  a  fixed  Gounteipait  B,  the  rope  is  attached  by  one  end  to  the  fixed 
block,  and  is  passed  over  the  movable  and  fixed  puU^,  from  one  to  die 
other  in  succession,  the  power  being  applied  to  the  other  end,  as  at  P. 

This  system  is  known  as  &st  and  loose  ptiUey-blocks. 

The  fixed  end  of  the  rope  is  sometimes  attached  to  the  movable  block. 

Rule  i.  To  find  the  power  necessary  to  balance  a  weight  or  resistance 
by  means  of  a  system  of  fast  and  loose  pulleys.  Divide  the  weight  by  the 
number  of  ropes  by  which  it  is  carried;  that  is,  the  numl)er  of  ropes  which 
proceed  from  the  movable  block.  The  quotient  is  the  power  required  to 
balance  the  weight 

When  the  fixed  end  of  the  rope  is  attached  to  the  fixed  block,  the  num- 
ber of  ropes  proceeding  fiom  the  loose  block  is  twice  the  number  of  mov- 
able pulleys,  and  the  power  may  be  found  by  dividing  the  weight  by  twice 
the  number  of  movable  pulle}[8. 

Wlien  the  end  of  the  rope  is  attached  to  the  movable  block,  the  divisor 
may  be  taken  at  twice  the  number  of  movable  pulleys  plus  i. 

Or,  putting  ;/  for  the  number  of  movable  pulleysi  if  tlie  fixed  end  of  the 
rope  is  attached  to  the  fixed  block, 


W 
2  n 


and  if  the  fixed  end  of  the  rope  be  attached  to  the  movable  block, 

W 


P  = 


2  n+i 


(la) 


Rule  2.  To  find  the  weight  or  resistance  that  will  be  balanced  by  a 
given  power,  by  means  of  a  system  of  fast  and  loose  pulleys.    Multiply  the 

power  by  the  number  of  ropes  proceeding  from  the 
movable  block.  The  product  is  the  required  weight. 

Or,  when  the  rope  is  attached  to  the  fixed  block, 
multiply  the  power  by  twice  the  number  of  movable 
pulleys. 

Or,  when  the  rope  is  attached  to  the  movable 
block,  multiply  the  power  by  twice  the  number  of 
movable  pulleys  plus  i. 
Or,  in  the  first  case, 

W  =  2«  P;   (2) 

in  the  second  case, 

Op  W=(2«+  l)  P   (2a) 

Again,  a  combination  may  be  formed  of  a  nun> 
ber  of  movable  i)ulleys,as  in  Fig.  1 18,  each  of  wliich, 
A,  B,  C,  is  suspended  by  a  cord,  witli  one  end  fixed 
to  the  roof  and  the  other  end  fixed  to  the  axis  of 
the  next  pulley.  The  weight  W  is  hung  to  the  axis 
of  the  first  pulley  A,  which  deKvm  half  the  weight  to  the  second  pulley  B, 
which  delivers  half  of  the  weight  hanging  to  it,  or  one-fourth  of  the  first 
weight  W,  to  the  third  puUey  C;  from  which  only  one-eighth  of  the  first 
weight  passes  over  the  guide  or  neutral  pulley  D  to  the  power  P.  In 


Fig.  1x8.— Movmble  Pulleys. 
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general  the  divisor  for  the  power  is  2",  or  the  nth  power  of  2,  n  being  the 
number  of  movable  pulleys. 

Rule  3.  To  find  the  power  necessai^  to  balance  a  weight  by  means  of  a 
system  of  separate  movable  pulleys,  with  separate  cords  consecudvely  con- 
nected as  dx>ve  described.  Divide  the  weight  by  that  power  of  2  of  which 
tlm  iadex  is  die  number  of  movable  pnllegrB.  The  qaadeat  k  the  power  or 
force  required  to  balance  the  weight 

Or,  divide  and  subdivide  the  weight  successively  by  2  as  many  times  as 
there  are  movable  pulleys  to  find  the  power  required.  Or 

W 

 (3) 

Rule  4.  To  find  the  weight  that  can  be  balanced  by  a  given  power,  by 
means  of  a  system  of  separate  movable  pulleys  as  above  described.  Mul- 
tiply the  power  by  that  power  of  2  of  which  the  index  is  the  number  cf 
movable  pulleys.    The  product  is  the  weight  required. 

Or,  multiply  the  power  successively  by  3  as  many  times  as  diere  are 
ptilleys.  Or 

W  =  PX2''   (4) 

JVbff. — It  is  necessary  that  the  cords  should  be  parallel  to  each  other, 
as  in  the  iUustiatioii,  in  oidcr  that  the  above  ndes,  3  and  4,  mi^  appty* 

Wheel  and  Axle. 

The  wheel  and  axle  may  be  likened  to  a  couple  of  pulle>"s  of  different 
diameters  united  together  on  one  axis,  of  which  the  larger,  <z,  Fig.  119,  is  the 
wheel,  and  the  smaller,  r,  the  axle,  with  a  common  ful- 
crum, d;  the  centre  line  adc  representing  the  elements  of  ^/^''"""^S. 
a  levJer.  The  weight  W  on  the  axle  at  r  is  balanced  by      /  ^-jv  \ 
flie  power  P,  on  the  whed  at  a.  The  moments  aie  equal,  ^ — ^^"^  1 
or 

aad  the  power  is  to  die  weight  inversely  as  dieir  distances 
from  the  centre;  or 

P  :  W  ::  *r  :  ak 

If  a  crank  handle  be  substituted  for  the  wheel,  nuking 
a  windlass,  the  radius  of  the  crank  is  substituted  for  diat  ^t^^iSa!^ 
of  the  wheel  in  estimating  the  ratb  of  the  forces. 

Of  the  four  elements,  namely,  the  radius  of  the  ^eel  or  crank,  the  radius 

of  the  axle  or  roller,  the  power,  and  the  weight,  if  duree  be  given,  the  fourth 
can  be  found  as  follows,  putting  R  and  r  for  the  respective  radii. 

Rule  i.  To  find  the  power.  Multiply  the  weight  by  the  radius  of  the 
axle,  and  divide  by  the  radius  of  the  wheel.  The  quotient  is  the  power. 
Or 

P«Wk^  (i) 

Role  a.  To  find  the  weqjbt   Multiply  the  power  by  the  radius  of  the 
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wheel,  and  divide  by  die  radius  of  the  axle.  The  quotient  is  the  weighL 
Or 

W  =  Px—   (2) 

Rule  3.  To  find  the  radius  of  the  wheel.  Multiply  the  weight  by  the 
radius  of  the  axle,  and  divide  by  the  power.  The  quotient  is  the  radius  of 
the  wheel.  Or 

R=V'  (3) 

Rule  4.  To  find  the  radius  of  the  axle.  Multiply  the  power  by  the 
radius  of  the  wheel,  and  divide  by  the  weight  The  quotient  is  the  radius 
of  the  axle.  Or 

"=1^  

Note. — The  diameters  of  the  wheel  and  the  axle  or  roller  may  be 
employed  in  the  calculations  instead  of  the  radii. 

« 

Inclined  Plane. 

The  inclined  plane  is  a  slope,  or  a  flat  surface  inclined  to  the  horizon,  on 
which  weights  may  be  raised.  By  such  substitution  of  a  sloping  path  fur 
a  direct  vertical  line  of  ascent,  a  given  weight  can  be  raised  by  a  power 
which  is  less  than  the  weight  itself. 

There  are  three  elements  of  calculation  in  die  inclined  plane: — ^tfae  plane 
itself,  A  B,  Fig.  120;  the  base, or  horizontal  length,  AC;  and  the  height  or 

vertical  rise  B  C ;  together  forming  a  right* 
angled  triangle.  The  weight  W  is  to  be 
raised  through  a  height  etjual  to  C  B,  and 
for  that  object  is  drawn  up  the  slope  from 
A  to  B.    It  is  partly  supported  during  the 

0"**N*^  ("^"yj^^         ascent,  and  it  is  in  virtue  of  this  degree  of 
^**^V/1Z/         support  given  to  the  weight  diat  such  a 
*wr^^      "  dead  pull  ^  as  that  of  a  direct  vertical 
lift  is  avoided,  and  that  it  can  be  raised 


rig.  tao.— locUiied  fiane.  i)y  a  power  much  less  than  its  own  weight 

Let  the  weight  W  be  kept  at  rest  on  the 
incline  by  the  power  P,  acting  in  the  line  b  P',  parallel  to  the  j)lane.  Draw 
the  vertical  line  b  a  Xo  represent  the  weight;  also  bb'  perpendicular  to  the 
plane,  and  complete  the  parallelogram  b'  i\  Then  the  vertical  weight  ba 
is  equivalent  to  b  b\  which  is  the  measure  of  support  given  by  the  jjlane  to 
the  weight,  and  bc^  which  is  the  force  of  gravity  tending  to  draw  the  weight 
down  the  plane.  The  power  required  to  maintain  the  weight  in  equilibrium 
is  represented  by  this  force  be  Thus,  the  power  and  the  weight  are  in 
the  ratio  cSbcio  ba. 

Since  the  triangle  of  forces  abc  '\s  similar  to  the  triangle  of  the  incline 
ABC,  the  latter  may  be  substituted  for  the  former  in  determining  the 
relative  magnitude  of  the  forces,  and 

-    P  :  W  ::      :  tf^  ::  BC  :  AB, 
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that  is,  the  power,  acting  parallel  to  the  inclined  plane,  is  to  the  weight,  as 
the  height  of  the  plane  to  its  length,     i  hen,  by  equality  of  moments, 

PxAB  =  WxBC, 

or  P  X  length  of  indined  plane  s=  W  x  hd^^t  of  inclined  plane   (a) 

For  example,  take  the  length  of  the  indined  plane,  24  feet;  the  height, 
2  feet;  and  the  weight  to  be  raised,  360  lbs.  The  power  required  to 
balance  the  weight  is  equal  to  360  x  a    24    30  lbs. 

Again,  the  base,  A  C,  of  the  inclined  plane,  represents  the  element  of 
the  pressure  of  the  weight  on  the  inclined  plane. 

It  is  thus  seen  that  the  sides  of  the  triangle  formed  by  an  inclined  plane, 
its  base,  and  its  height,  are  respectively  proportional  as  follows:— 

The  inclined  plane  to  the  weight  at  test  on  the  plane. 

The  base  to  the  pressure  of  the  weight  on  the  plane. 

The  he^t  to  the  power  acting  parallel  to  the  plane. 

When  the  power  acts  m  a  direction  parallel  to  the  base,  as  in  Fig.  zai,  in 
which  die  power  P  supports  the  weight 

W  in  the  direction  d  P',  paiallel  to  the 
base;  draw  the  vertical  da  to  represent 
the  weight,  and  the  line  /> />'  ])LTpcn- 
dicular  to  the  incline,  and  complete  the 
fiarallelogram  t:.  The  weight  /nj,  de- 
composed, is  equivalent  to  d  b',  the  per- 
pendicular to  the  incline,  representing 
the  pressure  of  the  weight  upon  the 
plane,  and  tiie  fofce  of  traction,  or 
uie  power  P.  Here  the  pressure  ^  ^  on 
the  plane  is  greater  than  the  v/eight,  and 

the  power  hc\&  greater  than  when  the  line  of  traction  is  parallel  to  the 

incline. 

The  triangles  3  r,  A  B  C,  being  similar,  the  ratios  of  the  power  and  the 
weight  are  as  follows: — 

P  :  W  ::       :       ::  B  C  :  A  C;   (h) 

that  is,  they  are  to  each  other  as  the  height  of  the  plane  to  its  base;  and 
the  inclined  plane,  the  base,  and  the  height,  are  respectively  proportional 
as  follows: — 

The  inclined  plane  to  the  pressure  of  the  weight  on  the  plane. 

The  base  to  the  weight  at  rest  on  the  plane. 

The  height  to  the  power  acting  parallel  to  the  base. 

If  the  power  be  applied  in  any  direction  above  that  which  is  parallel  to 
the  incline,  though  the  pressure  of  the  weight  on  the  plane  will  be  less  than 
the  weight  itself,  yet,  as  in  the  previous  ca.se,  the  power  is  greater  than  is 
necessary  when  it  acts  in  a  direction  parallel  to  the  plane.  Thus,  in 
Fig.  122,  in  which  the  power  P  acts  at  a  divergent  angle  in  the  direction 
b  P',  draw  the  vertical  ba^  the  perpendicular  bl/^  to  the  plane,  and  the 
extension  of  the  power  line  to  c,  and  complete  the  purallelogram.  Then, 
die  weight  is  represented  by  ^  41,  the  pressure  on  the  mdine  by  b  and  the 
power  by  0^  or  ^r. 


Ftf,  lai.— IndiiMd  Plane. 
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Fif.  na.-l 


For  comparison,  the  parallelogram  that  would  represent  the  relative 
forces  arising  from  a  power  acting  paaUel  to  the  plane,  k  added  oo 
figure  in  dotted  lines  extending  to  the  angles  iT  and  ^.   It  shows  that  the 

piessufeon  theplane  isgreater 
tlnn  when  the  power  is  di- 
vergent, but  that  the  power 
is  less. 

It  follows  that  the  longer 
the  inclined  ])lane,  when  the 
height  is  the  same,  the  less  is 
the  poweriequired  to  balanoe 
the  weight ;  in  fact,  the  power 
simply  varies  in  the  inverse 
catio  of  the  length  of  the 
plane 

If  t\vo  inclines,  A  B  and 
B  D,  of  unequal  lengths  and 
the  same  height,  be  united 
back  to  back  on  the  line  BC, 
then  two  weights,  W  and 
on  the  respective  planes,  connected  bjr  a  cord  over  a  pulley  at  the  summit 
B,  will  balance  each  other,  when  they  are  in  the  ratio  of  the  leng^  of  ^ 
planes  on  which  they  rest   That  is, 

W  :  W  :  :  A  B  :  B  D. 

From  the  formula  (  n  ).  rules  may  be  formed  for  finding  one  of  the  following 
four  elements  when  the  other  three  are  given,  namely,  the  length  of  the 

inclined  i)lane,  the  height  of 
it,  the  weight,  and  the  puwer 
to  balance  the  weight  wlien 
acting  in  a  direction  parallel 
to  die  incline. 

Rule  i.  To  find  the  power. 
^Tultiply  the  weight  by  the 
height  of  the  plane,  and  divide 
by  the  length.  The  quotient 
is  the  power. 

Rule  2.  To  find  the  weight  Multiply  the  power  by  the  length  of  the 
plane,  and  divide  by  the  height    The  quotient  is  the  weight 

Rule  3.  To  find  the  hei^t  of  the  inclined  plane.  Multiply  the  power 
by  the  length,  and  divide  by  the  wei^t   The  quotient  is  the  height 

Rule  4.  To  find  the  length  of  the  inclined  plane.  Multiply  me  weight 
by  the  h^ght  of  the  plane,  and  divide  by  the  power.  The  quotient  is  the 
length. 

Identity  of  the  IneHfud  Plane  and  tke  Lever, 

Though  the  inclined  plane  is  distinguished  from  the  lever  in  the  mode  of 
operation,  inasmuch  as  there  is  no  motion  about  a  mechanical  centre,  as  in 
the  lever,  yet  die  conditions  of  equilibrium  on  the  inclined  plane  may  be 
established  on  the  principle  of  the  lever.  Suppose  a  round  weight  W-  kept 
at  rest  on  the  incline  A  fi  by  a  power  P  pandld  to  the  incline,  passing 
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through  the  centre  a.    Draw  a  b  perpendiriilar  to  the  incline;  the  point  b 
is  the  point  of  contact  of  the  weight  with  the  inchne.    I>aw  the  vertical 
line  <7//,  and  the  peq^endicular  b  c  \o  it.    Then  the  lines  ab^bc  form  a  bent 
lever  abc^  of  which  b  is  the  fulcrum,  and  • 
ab,bc  the  arms.    The  weight  acts  at  the 
extremity  ^  of  the  short  arm,  and  the  power 
«t  the  extremi^  a  of  die  long  arm;  and  the 
power  and  the  weight  are  to  each  other 
mvcrsely  as  the  relative  arms  of  the  lever, 
ab,  be.  Now, abc  and  A  B  C  are  similar 
triangles,  the  arms  ab^  be  are  to  each  other 
as  the  length  and  the  height  A  B,  B  C,  of 
the  incline,  and 

^  F^iiai*— Levn^  on  an  Inclined  Flan^ 

P  :  W  ::      :  tf^  ::  EC  :  AB; 

tint  IS,  the  power  is  to  the  weight  as  the  height  of  the  inclined  plane  to  its 
length,  which  is  the  proportion  already  established  (  « )  page  307). 

The  ratio  of  the  length  of  an  inclined  plane  to  its  height  may  be  called 
the  leverage  of  the  plane,  and  the  products  of  the  power  into  the  length  of 
the  plane,  and  of  the  weight  into  the  height  of  the  plane,  may  represent  tiie 
moments  of  the  power  and  the  weight. 

Suppose,  again,  that  the  power  is  applied  at  P,  Fig.  125,  through  a  cord 
a  P,  passed  round  and  over  tJie  weight  parallel  to  the  incline;  tlien  the 


Fig.  Z33.— LefCmg^  on  on  Inclined  Plane.  Fig.  126.— Wedlpk 


diameter  of  the  weight  a  b  becomes  the  long  arm  of  the  lever  a  be,  through 
which  the  power  acts,  being  double  the  length  of  the  arm  ab.  Fig.  124, 
where  the  power  is  applied  at  the  centre  of  the  weight  By  thus  doubling 
the  leverage,  the  power  is  halved,  and  the  ratio  of  the  power  to  the  weight 

is  as  half  the  height  of  the  plane  to  its  length. 

In  this  case  there  is  the  action  of  a  moval.le  pulley  combined  with  an 
inclined  plane;  the  rolling  weight  moved  by  a  cord  lapped  round  it,  repre- 
senting a  movable  pulley  with  the  weight  attached  to  the  axle.  Thus  the 
leverage  of  the  power  on  the  inclined  plane  can  be  doubled. 

The  Wedge. 

The  wedge  is  a  pair  of  inclined  planes  united  by  their  bases,  or  back  to 
back,"  as  A  B  C  H',  Fig.  126.  Whereas  inclined  planes  are  fixed,  wedges  are 
moved,  and  in  the  direction  of  the  centre  line  C  A,  against  a  resistance 
equally  acted  on  by  both  planes  of  tlie  wedge.    The  function  of  the  wedge 
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is  to  separate  two  bodies  by  force,  or  divide  into  two  a  siiigle  body.  In 
some  cases  the  wedge  is  moved  by  blows,  as  in  splitting  timber ;  in  others 
it  is  moved  b)  pressure.  The  action  by  simple  piessuie  is  now  to  be  con- 
sidered. 

The  pressure  P  is  applied  to  a  wedge  at  the  head  B  B'  at  light  angles  to 

the  surface,  and  the  resistance  or  "  weight "  to  be  overcome  is  opposed  to 
the  wedge  and  acts  at  right  angles  to  the  faces  A  H,  A  B',  at  the  middle 
points  of  which,  a,  a,  it  is  supposed  to  be  concentrated.  Whilst  the  wedge 
and  the  power  move  through  a  space  equal  to  the  length  of  the  wedge  A  C» 
the  weight  is  moved  or  overcome  tlirough  a  space  equal  to  the  breadth  of 
the  wedge  B  B';  and,  as  the  power  is  to  the  weight  inversely  as  the  spaces 
described,  they  are  to  each  other  direcdy  as  the  breadth  to  die  length  of 
the  wedge.  That  is, 

P  :  W  :  :  B  B'  :  A  C, 

and  the  product  of  the  power  by  the  length  of  the  wedge  is  equal  to  the 
product  of  the  weight  by  tlie  breadth  of  the  wedge;  or 

PxAC  =  WxBB', 

or  P  X  length  =  W  x  breadth  of  wedge   (c) 

By  the  aid  of  the  parallelogram  the  same  conclusions  are  arrived  at 
Thus,  in  Fig.  1 26,  produce  the  directions  of  the  two  resistances,  W  a,  W  a,  to 
meet  in  the  middle  of  the  wedge  at  /f,  complete  the  parallelogram,  and  draw 
the  diagonals  a  ca  and  The  diagonal  d  if'  is  the  resultant  of  the  two 

forces  a  b,  a  by  and  represents  the  pressure  on  the  head  of  the  wedge.  Again, 
in  the  triangle  abc^  whilst  ab  represents,  in  magnitude  and  direction,  the 
perpendicul^  pressure  of  the  resistance  on  the  wedge,  a  ^,  which  is  perpen- 
dicular  to  the  centre  line  of  the  wedge,  represents,  in  magnitude  and 
direction,  the  force  applied  in  overcoming  the  resistance.  The  ratio  of  the 
power  to  the  weight  is  therefore  dsbb'  Xoac,  And,  as  the  triangle  abb'  is 
similar  to  the  triangle  ABB", 

P  :  W  ::       :  <ir  ::  BB'  :  AC; 

that  is,  the  power  is  to  the  weight  as  the  breadth  of  the  wedge  to  its  length. 

From  the  formula  (  c  ),  the  following  rules  for  wedges  acting  under  pres- 
sure, as  distinct  from  impact,  are  deduced : — 

Rule  i.  To  find  the  weight  or  transverse  resistance.  Multiply  the 
power  by  the  length  of  the  wedge,  and  divide  by  the  breaddi  of  the  head. 
The  quotient  is  the  weight. 

Rule  2.  To  find  the  power.  Multiply  the  weight  or  transverse  resistance 
by  the  breadth  of  the  head,  and  divide  by  the  length  of  the  wedge.  The 
quotient  is  the  power. 

Rule  3.  To  find  the  length  of  the  wedge.  Multiply  the  weight  by  the 
breadth  of  the  wedge,  and  divide  by  the  power.  The  quotient  is  the 
length  of  the  wedge. 

Rule  4.  To  find  the  breadth  of  the  wedge.  Multiply  the  power  by  the 
length  of  the  wedge,  and  divide  by  the  weight.  The  quotient  is  the  breadth 
of  Sie  wedge. 

NoU. — I.  The  length  of  the  wedge  is  taken  as  the  distance  firom  the 
head  to  the  point  of  intersection  of  the  sides. 
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2.  The  power  may  be  applied  at  the  point  of  the  wedge  by  drawing, 
instead  of  at  the  head  by  pressing. 

3.  The  power  may  be  applied  in  a  direction  parallel  to  one  of  the  sides 
of  the  wedge,  and  the  relation  of  the  power  to  the  weight  may  be  found  by 
construction,  in  the  same  manner  as  for  the  inclined  plane,  when  the  power 
is  applied  in  a  direction  parallel  to  the  base.  See  proportion  (d),  page  307. 

The  Scrkw. 

The  screw  is  an  inclined  plane  lapped  round  a  cylinder.  Take,  for 
eKample,an  inclined  plane  ABC,  Fig.  127,  and  bend  it  into  a  circular  fonn, 
resting  on  its  base,  Fig.  128,  so -that  the  ends  meet   The  incline  may  be 


Fig. 


continued  winding  upfwards  round  the  same  axis,  and  thus  winding  or 
helical  inclined  planes  of  any  required  length  and  height  may  be  con- 
structed. The  helix  thus  arrived  at  being  placed  upon  a  solid  cylinder, 
and  the  dead  parts  of  the  helix  removed,  the  product  is  an  ordinary  screw. 
The  inchned  fillet  is  the  "  thread  '  of  the  screw,  and  the  screw  is  called 
"external."  But  the  thread  may  also  be  applied 
within  a  hollow  cylinder,  and  then  it  is  **  internal," 
sudi  as  an  ordinaiy  **  nut "  is. 

The  distance  of  two  consecutive  coils  apart, 
measured  from  centre  to  centre,  or  from  upper  side 
to  upper  side, — literally  the  height  of  the  inchned 
plane, — for  one  revolution,  is  the  ''pitch"  of  the 
screw.  Rg.  198. 

The  efifect  of  a  screw  is  estimated  in  terms  of  the 
pitch  and  the  radius  of  the  handle  employed  to  turn  either  it  or  the  nut, 
one  on  the  other;  and  the  leverage  of  die  power  is  the  ratio  of  the  circimi- 
ference  of  the  circle  described  by  the  power  end  of  the  handle  to  the  pitdi. 
The  radius  is  to  be  measured  to  the  central  point  where  the  power  is 
applied. 

The  circumference  being  equal  to  the  radius  multiplied  by  twice  3.1416, 
or  6.28, 

P  :  W  ::  /  :  rx6.28, 

in  which  /  is  the  pitch  and  r  the  radius ;  also 

6.28  Pr=Wx/;   (d) 

that  is,  6.28  times  the  product  of  the  power  by  the  radius  of  the  handle  is 
equal  to  the  product  of  the  weight  by  the  pitch.  Whence  the  following 
rules  relative  to  the  power  of  a  screw,  for  finding  any  one  of  those  four 
quantities  when  the  other  three  are  given : — 

RvLB  I.  To  find  the  power.   Multiply  the  weight  by  the  pitch,  and 
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divide  by  the  radius  of  the  handle  and  by  6.28.  The  quotient  is  the 
power.  Or 

P^J^iL   (xv 

RuLK  2.  To  find  the  weight.  Multiply  the  power  by  the  radius  and  by 
6.28,  and  divide  by  the  pitch.    The  quotient  is  the  weight  Or 

W  =  i£i^'   (.) 

Rule  3.  To  find  the  pitch.  Multiply  the  power  by  the  radius  of  the 
handle  and  by  6.28,  and  divide  by  the  we^ht  The  quotient  is  the  pitch. 
Oi 

/=^w^  (3) 

Ri'LE  4.  To  find  the  radial  length  of  the  handle.  Multiply  the  weight 
by  the  pitch,  and  liivide  by  the  power  and  by  6.28.  The  quotient  is  the 
length  of  the  handle.  Or 

'•  =  61^   <4) 

Note. — When  the  power  is  applied  through  a  wheel  fixed  to  the  screw, 
the  acting  diameter  A  the  wheel  may  be  si&tituted  for  the  radius  in  the 
above  rules  and  formulas,  and  the  constant  becomes  3.14. 

Similarly,  should  the  power-whed  be  fixed  to  the  nut  so  as  to  turn 
it  upon  the  screw,  instead  of  the  screw  within  the  nut,  the  same  sub- 
stitutions may  be  made. 

WORK. 

Work  consists  of  the  sustained  exertion  of  pressure  through  space. 

The  English  unit  of  work  is  one  foot-pound;  that  is,  a  pressure  of  one 
pound  exerted  dirough  a  space  of  one  foot. 

The  French  unit  of  work  is  one  kilogrammetre;  that  is,  a  pressure  of  one 
Idlogiamme  exerted  dirough  a  space  of  one  metre. 

One  kilogrammetre  is  equal  to  7.233  foot-pounds. 

In  the  performance  of  work  by  means  of  mechanism,  the  work  done 
upon  the  weight  is  ccjual  to  the  work  done  by  the  power.  This  prin- 
ciple of  the  equality  of  work  is  deducible  from  the  principle  <rf  the 
equality  of  moments,  and  is  expressed  generally  by  the  equation 

PxH-Wx>»,   (a) 

in  which  H  is  the  height  or  space  moved  through  by  the  power,  and 
h  the  height  or  space  moved  through  by  the  weight  at  the  same  time. 
It  signifies  that  the  product  of  the  power  by  the  space  through  whic^  it  has 
acted  is  eoual  to  the  product  of  the  weight  by  the  space  through  which 
it  has  acted 
Ag!Bun, 

P  :  W  : :  >t  :  H, 

signifying  that  the  power  is  to  the  weight  inversely  as  the  respective  heights 
or  spaces  moved  through  by  them  in  the  same  timet 


Digitized  by  Google 


WORK, — WORK  WITH  THE  M£CHAKICAL  ELEMENTS.  313 


WcTRK   DONE  WITH  THE  LeVER. 

On  the  principle  of  the  equality  of  moments,  the  power  and  the  weight 
in  the  lever,  neglecting  frictional  re.sist:mce,  are  to  each  other  inversely  as 
the  lengths  of  the  arms  upon  whii  li  they  act,  that  is,  of  their  radii  of 
motion;  and  inversely  as  tlie  arcs  or  spaces  passed  through  or  described  by 
the  ends  of  the  anns.  If  the  weighted  lever.  Fig.  99,  page  296,  be  moved 
by  the  power,  the  power  descends  through  an  arc  at  tf,  and  the  weight  is 
raised  through  an  arc  at  These  arcs  may  be  taken  as  the  heights  moved 
through,  and  are  proportional  to  the  lengths  of  the  respective  arms,  ab^be. 
In  this  example,  these  are  as  7  to  i,  and  if  the  power  descend  7  inches  the 
weight  is  raised  only  i  inch:  but  the  weight  raised  is  seven  times  the  power 
applied,  and  *'what  is  gained  in  power  is  lost  in  speed,"  or,  more  correctly, 
in  space  moved  through.  The  ecjuality  of  work  thus  developed  from  the 
equality  of  moments  is  thus  expressed 

power  X  arc  a  =  weight  x  arc  c  {a) 

To  show  this  arithmetically,  let  the  weight  be  raised  through  i  foot;  then, 
with  a  leverage  of  7  to  i,  the  power  descends  7  feet,  and  taking  it,  as  before, 
at  60  lbs.,  the  weight  it  raises  will  be  60  lbs.  x  7  s  430  lbs.,  and  the  equation 
of  work  is 

60  lbs.  X  7  feet     =     420  lbs.  x  i  foot, 
(or  420  foot-pounds)      (or  420  foot-pounds). 

Again, 

power  :  weight  :  :  arc  c  :  arc  a, 

expressing  the  principle  of  virtual  velocities,  the  relative  velocities  being 
indicated  by  the  arcs  0,  c. 

Work  done  with  the  Pulley. 

In  using  the  single  fixed  puHey,  Fig.  1 1 1,  page  302,  the  power  is  equal  to 
the  weight,  and  the  spaces  through  which  they  move  in  the  same  time  are 

equal. 

With  the  movable  pulley,  Fig.  114,  the  weight  is  suspended  at  the  axle, 
and  in  raising  the  weight  i  foot,  the  power  at  the  circumference,  with  a 
leverage  of  2,  passes  through  2  feet  and  is  only  half  the  weight.  If 
P  and  W  be  20  lbs.  and  40  lbs.  respectively,  the  equality  of  work  is  thus 
expressed — 

(P)  20  lbs.  X  2  feet  ^  (W)  40  lbs.  x  i  foot  =  40  foot-pounds; 

and  by  means  of  this  pulley  a  weight  double  the  power  is  raised  half  the 
height  through  which  the  power  is  applied. 

Conversely,  when  the  weight  is  suspended  at  the  circumference  of  the 
movable  pulley,  Fig.  115,  and  the  power  applied  at  the  axle,  the  leverage 
is  J4  J  the  power  is  therefore  double  the  weight,  and  moves  through  i  foot 
whiilst  the  weight  moves  through  2  feet  Thus 

(P)  40  lbs.  X  I  foot  =  (W)  20  lbs.  X  2  feet  =  40  foot-pounds. 

in  a  system  of  fast  and  loose  pulley  blocks,  Fig.  117,  page  303,  the 
power  being  equal  to  the  weight  divided  by  the  number  of  ropes,  then,  by 
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equali^  of  work,  the  space  tfaioi||gh  which  the  power  is  moved  is  equal  to 
the  height  through  which  the  weight  is  raised,  multiplied  by  the  number  of 
ropes.  Suppose  that  there  are  three  movable  pulleys  and  six  ropes;  if  the 
weigjbti  130  lbs.,  be  raised  i  foot,  each  rope  is  shortened  i  foot  and  the 
power  is  moved  6  feet  And 

(P)  30  lbs.  X  6  feet  =  (W)  lao  lbs.  x  i  foot=  lao  foot-pounds. 

Work  done  with  the  Wheel  and  Axle. 

While  the  wheel,  Fig.  1 19.  page  305,  makes  one  revolution,  the  axle  also 
makes  one.  The  power  descends  or  traverses  a  space  ecjual  to  the  cir- 
cumference of  the  wheel  =  2  {ad)  X  3. 1 41 6, whilst  the  weight  is  raised  through 
a  space  equal  to  the  circumference  of  the  axle  =  2  <:)  x  3.1416.  If  the 
ladius  of  die  wheel  be  i  foot  6  inches,  and  that  oi  the  axle  3  inches,  the 
dicumferences  are  9.42  feet  and  1.57  feet,  being  as  6  to  i;  and  the  power 
and  the  weight,  conversely,  are  as  i  to  6.   If  the  power  be  so  lbs.,  then 

(P)  20  lbs.  X  9.42  feet  =  (VV')  120  lbs.  x  1.57  feet. 
(188.4  foot-pounds)        {188.4  foot-pounds). 

Work  done  with  the  Inclined  Plane. 

The  weight  is  raised  in  opposition  to  gravity,  and  the  work  done  on  it  is 
expressed  by  the  product  of  the  weight  into  the  vertical  height  of  the 
inclined  plane.  The  work  done  by  the  power  is  ex])ressed  by  the  product 
of  the  power  into  the  length  of  the  pUuie.  These  two  products  express 
equal  quantities  of  work,  and 

Px/=WxA, 

as  before  intimated  at  (a),  page  307,  to  express  equality  of  moments. 

For  example,  the  length  of  the  plane  is  24  feet  and  the  height  2  feet ; 
the  weight  is  120  lbs.,  die  power  10  lbs.  Then,  the  work  done  in  raising 
the  weight  up  the  whole  of  the  incline  is  240  lbs.,  thus 

(F)  10  lbs.  X  24  feet-{W)  120  lbs.  x  2  feet. 
(240  foot-pounds)        (240  foot-pounds). 

The  power  is  here  supposed  to  be  applied  in  a  direction  parallel  to  the  plane. 
If  applied  in  a  direction  at  an  angle  to  the  plane,  as  in  Fig.  122,  page  308, 
it  is  to  be  resolved  into  its  components,  parallel  and  perpendicular  to  the 
plane.  Draw  the  line  c  parallel  to  the  incline ;  then  the  power  applied, 
b  t,  is  equivalent  to  the  force  actually  expended  b  c\  and  to  the  pressure 
without  motion  c  c\  The  consumption  of  power  is  expressed  by  the  pro- 
duct of  its  parallel  equivalent,  b  c,  into  the  length  of  the  plane.  Taking, 
for  example,  as  above,  the  weight,  120  lbs.,  and  the  active  power,  10  lbs., 
represented  by  the  parallel  force  b  d  \  then  the  amount  of  the  horizontal 
force,  or  the  power  applied,  b    is  found  by  proportion,  thus 

AC:ABi:^/:*f; 

that  is,  the  parallel  and  horizontal  forces  ate  to  each  other  as  the  base  to 
the  length  of  the  incline. 
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Work  done  with  the  Wedge. 

Supposing  the  wedge  driven  by  a  constant  pressure  through  a  distance 
equal  to  its  length,  the  work  done  by  the  power  is  expressed  by  the  power 
into  the  length,  and  the  work  done  on  the  weight  is  expressed  by  the  pro- 
duct of  the  weight  into  the  breadth  oi  the  wedge.    By  equality  of  work, 

P>cL  =  WxB, 

as  before  stated,  in  expressing  equality  of  moments. 

If  the  wedge  be  driven  for  only  a  part  of  its  length,  the  work  done  by 
the  power  is  in  the  proportion  of  the  part  of  the  length  driven;  and  the 
work  done  on  the  weight  is  similarly  in  the  proportion  of  the  part  of  the 
breadth  by  wiiich  the  resisting  surfaces  are  separated. 


Work  done  with  the  Screw. 

Id  one  revolution  of  the  screw,  the  weiglit  is  raised  through  a  height 
equal  to  the  pitch  of  the  thread,  whilst  the  power  acts  through  the  circum- 
ference of  the  circle  described  by  the  point  at  which  it  is  ai)plied  to  a  lever. 
The  products  of  the  power  and  the  weight  by  the  spaces  described  by 
them  are  equal,  or 

Px6.28r  =  Wx/, 
as  before  stated  (page  311)  to  eipiess  equality  of  moments. 

Work  done  by  Gravity. 

The  work  done  by  gravity  on  a  falling  body  is  equal  to  the  weight  of  the 
body  multiplied  by  the  height  through  which  it  £eU1s. 


Work  accumulated  in  Moving  Bodies. 

The  quantity  of  work  stored  in  a  body  in  motion  is  the  same  as  that 
which  would  be  accumulated  in  it  by  gravity  if  it  fell  from  such  a  height  as 
would  be  sufficient  to  give  it  the  same  velocity;  in  short,  from  the  height 
due  to  the  velocity.  (See  Gravity,  page  277).  The  accumulated  work 
expressed  in  foot-pounds,  is  equal  to  the  height  so  found  in  feet,  multiplied 
by  the  weight  of  the  body  in  pounds.  The  height  due  to  the  velocity  is 
equal  to  the  squaie  of  the  velocity  divided  by  64.4,  and  the  work  and  the 
velocity  may  be  found  directly  torn  each  other,  according  to  the  following 
rules: — 

Rule  i.  Given  the  weight  and  velocity  of  a  moving  body,  to  find  the 
work  accumulated  in  it.  Multiply  the  weight  in  pounds  by  the  square  of 
the  velocity  in  feet  per  second,  and  divide  by  64.4.  The  quotient  is  the 
accumulated  work  in  foot-pounds. 

Or,  putting  U  for  the  work,  v  for  the  velocity,  and  w  for  the  weight, 

 (') 

Or,  secondly: — Multiply  the  weight  in  pounds  by  the  height  in  feet  due 
to  die  velocity.  The  product  is  the  accumulated  work  in  foot-pounds.  Or» 
putdng  A  for  the  height, 

V^ufxA  ^  (^^) 
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Work  dons  by  Percussive  Force. 

If  a  wedge  be  driven  by  blovrs  or  strokes  of  a  hammer  or  other  hea\y 
mass,  the  effect  of  the  percussive  force  is  measured  by  the  quantity  of  work 
accumulated  in  the  striking  body.  This  work  is  calculated  by  the  preceding 
rules,  from  the  weight  of  the  body  and  the  velocity  with  which  the  blow  is 
delivered,  or  directly  from  the  height  of  the  fall,  if  gravity  be  the  motive 
power. 

The  useful  work  done  through  the  we<Ige  is  equal  to  the  work  delivered 
upon  the  wedge,  supposing  that  there  is  no  elastic  or  vibrating  reaction 
from  the  blow,  just  as  if  the  work  had  l)een  delivered  by  a  constant  pres- 
sure equal  to  the  weight  of  the  striking  l)ody,  exerted  through  a  space  equal 

to  the  height  of  the  fall,  or  the  height  due  to  its  final  velocity. 

Of  course,  in  order  to  give  effect  to  the  constant  pressure  on  the  wedge, 
now  imagined  to  l)e  brought  into  action,  the  i)ressure  would  refjuirc  to  be 
applied  to  tlie  reiiisluig  medium  tlirough  some  combination  of  the  mecliamcal 
doBenta. 

But  where  elastic  action  intervenes,  a  portion  of  the  work  delivered  is 
uselessly  absorbed  in  elastically  straining  the  resisting  body;  and  the  elastic 

action  may  l)e,  in  some  situations,  so  excessive  as  to  abaorb  the  whole  of 
the  work  delivered.  In  this  case,  there  would  not  be  any  useful  work  done. 

These  remarks,  apj)licd  to  the  action  of  a  blow  on  a  wedge,  are  applicable 
equally  to  the  action  of  a  blow  of  the  monkey  of  a  pile-driver  upon  a  pile. 
If  there  be  no  elastic  action,  the  work  delivered  l)eing  the  product  of  the 
weight  of  the  monkey  by  the  height  of  its  tall,  is  equal  to  liie  work  done  in 
sinung  the  pile:  that  is,  to  the  product  of  the  frictional  and  other  resistance 
to  its  descent  by  the  depth  through  which  it  descends  for  one  blow  of  the 
monkey. 

Supposing  that  the  pile  rests  upon  and  is  absolutely  resisted  by  a  hard 
unyielding  obstacle,  the  work  done  becomes  wholly  useless,  and  consists  of 
elastic  or  vibrating  action;  or  it  may  be  that  the  head  of  the  pile  is  split 
open. 
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THERMOMETERS. 

The  action  of  Thermometers  is  based  on  the  change  of  volume  to  which 
Ixxiies  are  subject  with  a  change  of  tem])erature,  and  they  serve,  as  their 
name  itni)lies,  to  measure  temperature.  Thermometers  are  filled  with  air, 
water,  or  mercury.  Mercurial  tliermometers  are  the  most  convenient,  because 
the  most  compact.  '1  hey  consist  of  a  stem  or  tube  of  glass,  formed  with  a 
bulbous  expansion  at  the  foot  to  contain  the  metcury,  whkii  expands  into 
Ae  tobe.  The  Mem  being  onMbfin  in  boie,  and  the  appaient  eiqpansion  of 
Metcmy  in  the  tube  being  equal  for  equal  increments  of  tempemtuie,  it 
Mows  that  if  the  scale  be  gnduated  with  equal  intervals,  these  will  indi- 
cate equal  increments  of  temperature.  A  sufficient  quantity  of  mercury 
having  been  introduced,  it  is  boiled  to  expel  air  and  moisture,  and  the  tube 
is  hermetically  sealed.  The  freezing  and  the  boiling  points  on  the  scale 
are  then  determined  respectively  by  immersing  the  thermometer  in  melting 
itc  and  attenvards  in  the  steam  of  water  l)oiling  under  the  mean  atmospheric 
pressure,  14.7  lbs.  per  square  inch,  and  marking  the  two  heights  of  the 
column  of  meicuiy  m  the  tube.  The  interval  between  these  two  points  is 
divided  into  t8o  degrees  for  Fahrenheit's  scale,  or  100  degrees  for  the 
Centigrade  scale,  and  degrees  of  the  same  interval  are  continued  above  and 
below  the  standard  points  as  far  as  may  be  necessary.  It  is  to  be  noted 
that  any  inequalities  in  the  bore  of  the  glass  must  be  allowed  for  by  an 
adaptation  of  the  lengths  of  the  graduations.  The  rate  of  expansion  of 
mercury  is  not  strictly  constant,  but  increases  with  the  temperature,  though, 
as  already  referred  to,  this  irregularity  is  more  or  less  nearly  compensated 
by  the  varying  rates  of  expansion  of  glass. 

In  the  FBLhraUuU  Thermmeter^  used  in  Britain  and  America,  the  number 
o**  on  the  scale  corresponcb  to  the  greatest  degree  of  cold  that  could  be 
artificially  produced  when  the  thermometer  was  originally  introduced.  32*^ 
("the  freezing-point")  corresponds  to  the  temperature  of  melting  ice,  and 
212°  to  the  temperature  of  pure  boiling  water — in  both  cases  under  the 
ordinary  atmospheric  pressure  of  14.7  lbs,  per  square  inch.  Each  division 
of  the  thermometer  represents  i°  Fahrenheit,  and  between  32**  and  212** 
there  are  i8o^ 

In  the  Centigrade  Tfiermomder^  used  in  France  and  in  most  other 
countries  in  Eurojie,  0°  corresponds  to  melting  ice,  and  100°  to  bofling 
water.   From  the  freezing  to  the  boiling  point  there  are  loo^ 

In  the  Riaumur  T%ermom€ter^  used  in  Russia,  Sweden,  Turkey,  and 
Egypt,  o"*  corresponds  to  melting  ice,  and  80°  to  boiling  water.  From  the 
freeang  to  the  boiling  point  there  are  80°. 


Digitized  by  Google 


318 


HEAT. 


Each  degree  Fahrenheit  is  |  of  a  degree  Centigrade,  and  ^  of  a  degree 
Rdaumur,  and  the  relations  between  the  tempeiatures  indicated  by  the 
different  thermometers  are  as  follows: — 

C.-{(F.-32).    R.  =  i(F.-32).  C.-jR. 

C.  being  the  temperature  in  degrees  Centigrade. 
R.  do.  do.  Reaumur. 

F.  do.  do.  Fahrenheit 

That  is  to  say,  that  Centigrade  temperatures  are  converted  into  Fahrenheit 
temperatares  by  multiplying  the  former  by  9  and  dividing  by  5,  and  adding 

32"  to  the  quotient;  and  conversely,  Fahrenheit  temperatures  are  converted 
into  Centigrade  by  deducting  32^,  and  taking  ^^ths  of  the  remainder. 

Reaumur  degrees  are  multiplied  by  |  to  convert  them  into  the  equivalent 
Centigrade  degrees;  conversely,  ^ths  of  the  number  of  Centigrade  degrees 
give  their  ecjuivalent  in  Kcaumur  degrees. 

Fahrenheit  is  converted  into  Rdaumur  by  deducting  32^  and  taking  {ths 
of  the  remamder,  and  R^mur  into  Fahrenheit  by  multiplying  by  f ,  and 
adding  32°  to  the  product 

Tables  No.  104, 105  contain  equivalent  temperatures  in  degrees  Centigrade 
for  given  degrees  Fahrenheit,  from  o'  F.,  or  zero  on  the  Fahrenheit  scale,  to 
608"  F. ;  and  conversely,  the  temperature  in  degrees  Fahrenheit  correspond- 
ing to  degrees  Centigradei  from  o""  C,  or  zero  on  the  Centigrade  scale,  to 
320°  C. 
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Table  Na  104. — ^Equivalent  Temperatures  by  the  Fahrenheit 

AND  Centigrade  Thermometers. 


Fahr. 

Depres 
Centigrade. 

Desrees 
;  Fahr. 

Centigrade. 

Fihr. 



I 

Centtgnide.  , 

Degrees 
1  Fahr. 

Ceougradc. 

0 

-17.78 

+  38 

+  3-34 

+  76 

+  24.45 

+  114 

+  45-56 

■••  I 

17.23 

39 

3-90 

77 

25*00 

V  V  ^ 

1*5 

40.11 

2 

10.07 

40 

4»45 

70 

25.50 

I  10 

40.07 

3 

16. 1 1 

41 

5'Oo 

79 

26.12 

ir  «  M 
117 

47.23 

4 

15.50 

42 

5.50 

Ra 
00 

20.07 

tfR 
1 10 

A1  <*R 

47.70 

5 

15.00 

43 

6.1 1 

81 

27.23 

119 

48.34 

x 

V 

*4.45 

A  A 

44 

0.07 

OS 

2/. 75 

ISO 

40.90 

7 

13.90 

45 

7*23 

03 

*<>.34  1 

121 

49*45 

0 

'3-34 

40 

7.76 

04 

oft  Ra  ' 

122 

50.00 

1  ' 

A  1 

47 

Re 

39.45 

123 

50.50 

10 

12.23 

48 

8.89 

86 

30.00 

124 

51." 

1 1 

A  I.Oy 

A  f\ 

49 

9*45 

Sit 

<>7 

30*55 

V  #ft  P 

125 

51.07 

13 

II.  1  r 

[  SO 

10.00 

00 

31. II 

120 

52*23 

1  '3 

10.50 

10.50 

89 

31.07 

127 

52.70 

14 

IO.OO 

52 

II. II  1 

^^^^ 

90 

33.22 

I2o 

53*34 

15 

9.45 

53 

11.67 

91 

3a.78 

139 

53.90 

10 

8  fin 
0.59 

54 

12.23 

92 

33-33 

130 

54.45 

17 

*>.34 

55 

12.70 

93 

33.89  1 

131 

55.00 

«  fi 
10 

7.78 

5^ 

1334 

94 

34-45 

132 

55.56 

19 

7.23 

57 

13.90  1 

95 

35.00 

133 

56.11 

30 

6.67 

I4«45 

96 

35.56 

134 

56.67 

31 

0.  II 

59 

15.00 

97 

36.  n 

135 

57.23 

22 

5.50 

Art 
00 

nQ 

36.67 

T  -»  A 

I30 

57.7^5 

23 

5.00 

A  » 
01 

»  A     T  » 

10.  n 

99 

37-23 

137 

5^-34 

34 

4*45 

A-» 
02 

*A  A.* 

100 

37-70 

130 

58.90 

25 

3-90 

63 

17.23 

lOI 

38.34 

139 

59.45 

20 

3-34 

A  A 

04 

17.70 

102 

38.90 

140 

60.00 

27 

2.  y  0 

05 

18.34 

103 

39-45 

T    J  T 

141 

00.50 

28 

2.23 

66 

18.89 

104 

40.00 

142 

61. 1 1 

29 

1.67 

67 

19.45 

105 

40.56  1 

M3 

61.67 

30 

I.I  I 

,  68 

20.00 

106 

41.11  1 

144 

62.23 

31 

0.56 

69 

20.56 

107 

41.67  } 

145 

62.78 

32 

0.00 

'  70 

21.  II 

108 

42.23 

146 

63.34 

33 

+  0.56 

71 

21.67 

109 

42.78 

147 

63.90 

34 

I. II 

72 

22.23 

I  10 

43-34  ' 

148 

6445 

1  35 

1.67 

73 

22.78 

III 

43.90  1 

149 

65.00 

j  36 

2.23 

74 

23-34 

112 

44-45 

150 

6556 

37 

2.78 

75  1 

23.90  1 

"3  1 

45-00  |j 

66.11 
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Table  No.  104  {ctnUimud). 
Fahrenhbit  and  Cbntigradi. 


Degrees 
Fahr. 

Defjrecs  1 
Centigrade.  [ 

I 

Degrees 

F.-ihr. 

Decrees  | 
Ccmigrade. 

Degrees 
Fanr. 

I 

Dcyecs 

Centigrade.  | 

Degrees 
Fanr. 

Devices  1 
Centigrade. 

1 

+  66.67  1 

i 

+  193 

+  89.45 

+  234 

i 

+  112.23 

— — 
+  275 

+  13500 

67.23 

194 

90.00  1 

235 

112.78  , 

276 

135.56 

195 

90-56  j 

236 

"3-34  1 

277 

I36.II  1 

00.34 

9 1  •  1 1  1 

237 

113.90 

2  Jo 

136.67 

68^ 

107 

01.67 

2«8 

2  70 

157 

69-45 

1  198 

92-23  , 

239 

115.00 

,  280 

137-78  ' 

158 

70.00 

1  199 

92.78 

240 

115-56 

281 

138.34  1 

159 

70.56 

300 

93-34 

241 

I16.II 

282 

138.90  1 

100 

71*11 

SOI 

93.90 

242 

1 10.07 

203 

X39.45  ' 

161 

71.67 

ao2 

117.21 

284 

140.00  i 

162 

72.23 

203 

95.00 

244 

117.78  i 

285 

140.56  i 

163 

72.78 

204 

9556 

245 

118.34 

286 

141. 1 1 

164 

73-34 

205 

96.11 

246 

z  18.90 

287 

X4I.67 

73'9<^ 

300 

90.27 

247 

X  19.45 

300 

142.23 

166 

207 

07.21 

248 

120.00 

280 

14.2.78  1 

167 

75.00 

208 

97.78 

249 

120.56 

290 

i 

143.34  1 

168 

75.56 

209 

98.34 

250 

X2I.IZ 

291 

»33-90  1 

169 

76.11 

210 

98.90 

251 

121.67 

292 

144.45 

70.07 

W  V 

211 

99.45 

252 

122.23 

293 

145.00 

77.9t 
#  i*^0 

212 

100.00 

"JO 

122.78 

204 

172 

77.7* 

213 

100.56 

^54 

"3.34 

295 

146. 1 1 

173 

7«-34 

214 

lOI.II 

*55 

X23.90 

296 

146.67 

174 

78.90 

ai5 

101.67 

256 

124.45 

297 

147.23 

'75 

79-45 

210 

102.23 

257 

1 25.00 

290 

147.71$ 

176 

80.00 

217 

102.78 

2^8 

12^(6 

200 

148.14 

177 

00.50 

218 

103.34 

259 

I26.II 

300 

» 

148.90 

178 

81. II  ' 

219 

103.90 

260 

126.67 

301 

149.45 

179 

81.67 

220 

104.45 

261 

127.23 

302 

150.00 

lOO 

52.33 

221 

105.00  ! 

1  262 

127.78 

303 

150.50 

181 

82.78  1 

222 

26^ 

128.^4 

304 

I  <;i.i  I 

182 

83.34 

223 

106. 1 1 

264 

128.90 

305 

151.67 

183 

83.90 

224 

106.67 

265 

129.45 

306 

152.23 

184 

84-45 

'  225 

107.23 

266 

130.00 

307 

152.78 

185 

85.00 

226 

107.78 

1  267 

130-56 

308 

153-34  * 

186 

85-56 

227 

108.83 

268 

131.11 

309 

*53-9o  1 

187 

86.11 

228 

108.90 

269 

131.67 

3'o 

154-45  1 

188 

86.67 

229 

109.45 

270 

132.23 

1 

155.00  ! 

189 

87.23 

230 

1 10.00 

271 

132.78 

1  312 

155-56 

190 

1  87.78 

231 

110.56 

272 

133.34 

1  313 

156. 1 1 

191 

88.34 

i 

1 1  I.I  I 

273 

133.90 

i  314 

156.67  i 

192 

88.90 

j  233 

III. 67 

274 

134-45 

1 

15723 
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TaUe  No.  104  {emthmai). 

Fahrenheit  and  Centigkade. 


Decrees 
Cenugiade. 

Fahr. 

Degrees 
Centignufe. 

Degrees 
Fakt. 

Centigrade. 

Degrees 

Dc^rce% 
Centigndc. 

+  316 

+  157-78 

+  357 

+  180.56 

+  398 

+  203.34 

+  439 

+  226.1  I 

158.34 

358 

181. II 

399 

203.90 

440 

226.67 

318 

158.90 

359 

181.67 

400 

204.45 

441 

227.23 

319 

159-45 

360 

182.23 

401 

205.00 

442 

227.75 

0*" 

i6aLOO 

161 

182.78 

228  x± 

321 

160.56 

362 

18334 

403 

206.1 1 

444 

228.90 

322 

161. 1 1 

363 

183.90 

404 

206.67 

445 

229.45 

323 

161.67 

364 

184.45 

405 

207.23 

446 

230.00 

3*4 

IDa.23 

305 

I  05.00 

400 

207.7^ 

447 

230.56 

162.7S 

«66 

i8c<6  I 

208. 

326 

163.34 

367 

I86.II 

408 

208.90 

449 

231.67 

327 

163.90 

368 

186.67 

409 

209.45 

450 

232.23 

328 

164^5 

369 

187.23 

410 

2iaoo 

451 

232.78 

3«f 

105.00 

370 

187. 7« 

^  V  * 

411 

2I0«50 

45* 

233.34 

z6<.<6 

188.4^ 

2II.II 

isj^.yw 

331 

I66.II 

372 

188.90 

413 

211.67 

454 

234.45 

332 

166.67 

373 

189.45 

414 

212.23 

455 

235.00 

333 

167.23 

374 

415 

212.78 

456 

«35.56 

334 

107.7a 

375 

190.50 

410 

213.34 

457 

236. 1 1 

168. 

^96 

AI7 

4«8 
45* 

216.67 

33^ 

168.90 

377 

191.67 

418 

214.45 

459 

«37.«3 

33T 

16^45 

37« 

i9«.23 

419 

215.00 

460 

237.78 

33B 

170.00 

379 

i9t.78 

4»o 

215.56 

461 

238.34 

339 

170.56 

350 

193-34 

421 

2  16. 1  I 

462 

238.90 

i7i«i  I 

IOt.OO 

216.67 

a6i 

34X 

171.67 

382 

194^5 

423 

217.23 

464 

240.00 

34« 

i7a-23 

383 

195.00 

424 

217.78 

465 

240.56 

343 

172.78 

384 

195.56 

425 

218.34 

466 

241.  II 

344 

173-34 

3^5 

420 

2 1  o.yo 

407 

241  .^7 

I  71.00 

t86 

A27 

468 

346 

174.45 

387 

197.23 

4>8 

22aoo 

469 

242.78 

347 

175.00 

388 

197.78 

429 

220.56 

470 

243-34 

348 

175-56 

389 

198.34 

430 

221. 1  I 

471 

243.90 

349 

I  76.1  I 

390 

198.90 

431 

221.67 

472 

244-45 

350 

176.67 

391 

199.45 

432 

222.23 

473 

245.00 

351 

177.23 

392 

200.00 

433 

222.78 

474 

245-56 

352 

177.78 

393 

200.56 

434 

223.34  \ 

475 

246. 1 1 

353 

178.34 

394 

201.  I  I 

435 

223.90 

476 

246.67 

354 

178.90 

395 

201.67 

436 

224.45  1 

477 

247.23 

355 

179-45 

396 

202.23 

437 

225.00  1 

478 

247.78 

356 

180.00 

397 

202.78 

438 

225.56  i 

479 

248.34 

81 
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TaUe  No.  104  {emUmmil). 
Farrbnhxit  and  Cbntigrade. 


Degrees 
Fahr. 

Degrees 
Centigrade. 

Degrees 
Fahr. 

1 

Degrees  j 
Ccougiade. 

Degrees 
Fahr. 

Decrees 
Cemigrade. 

Degrees 
Fahr. 

Decrees 

Centigrade, 

+  480 

+  248.90 

^  513 

4-  267.23 

+  546 

+  285.56 

+  579 

1 

+  303.90 

0  _ 
481 

249-45 

514 

267.78 

547 

286.11 

580 

304.45 

.  0  _ 
402 

250.00 

515 

268.34 

548 

380.67 

581 

305.00 

2  50.  <i6 

C16 

268.QO 

287  2^ 

C82 

3"5'5^ 

484 

35I.II 

517 

369.45 

550 

387.78 

583 

306.11 

485 

251.67 

270.00 

551 

288.34 

584 

306.67 

400 

252.23 

519 

270.56 

552 

388.90 

585 

307-23  1 

487 

253.70 

520 

271. II 

553 

289.45 

586 

307.78  I 

5»i 

554 

5*'7 

300.34  1 

489 

353.90 

533 

373.33 

555 

390.56 

588 

308.00 

490 

254.45 

523 

272.78 

556 

291. II 

589 

309-45  1 

491 

255.00 

524 

27334 

557 

291.67 

590 

310.00  i 

493 

355.56 

525 

373.90 

55* 

393.23 

591 

—  _  1 

3»o.50  1 

493 

9        T  r 

*74»45 

559 

592 

^  ¥  T    T  T 

494 

356.67 

537 

375.00 

560 

593 

3IX.67  1 

495 

257.23 

_  0 
528 

275-56 

561 

293.90 

594 

312.23 

496 

357.78 

5«9 

376. 1 1 

562 

394.45 

595 

313.78 

497 

258-34 

530 

370.07 

563 

395.00 

59^ 

313.34 

49" 

250.90 

277.23 

5"4 

one 

597 

313.90 

499 

259*45 

532 

277.78 

565 

296.11 

598 

314.45 

50Q 

360.00 

533 

278.34 

M,A£ 

506 

390.67 

599 

3«5-oo 

501 

360.56 

534 

378.90 

567 

397.33 

600 

315-56 

502 

261. 1 1 

535 

27945 

568 

297.78 

601 

316.II 

X  w  1 .  v  / 

53" 

5"9 

29*'-34 

3IU.O7 

504 

262.23 

537 

280.56 

570 

398.00 

603 

202.78 

538 

281. II 

571 

399.45 

604 

31778 

506 

263.34 

539 

281.67 

572 

300.00 

605 

3 « 8.34 

263.90 

540 

282.23 

'  573 

300- 56 

606 

318.90 

508 

264.45 

1  541 

282.78 

574 

301. II 

607 

31945 

265.00 

542 

28334 

575 

301.67 

608 

320.00 

265.56 

543 

283.90 

576 

303.33 

266.11  ' 

,  544 

284.45 

577 

302.78 

5X2 

266.67 

545 

285.00 

578 

303.34 
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Table  Na  105. — Equivalent  Temperatures  by  the  Centigrade  and 

Fahrenheit  Thermometers. 


Cm. 

Fkhr. 

1 

Cent. 

! 

Fmr. 

Cwt 

Pur. 

1 

Cent 

Falv. 

-  20 

-  4.0 

+  21 

+  69.8 

+  62 

+ 143-6 

+  103 

+  217.4 

2.2 

22 

71.6 

63 

1454 

104 

219.2 

1 0 

73-4 

04 

14/..: 

I  nc 

»7 

24 

75.2 

"5 

149.0 

icro 

4<94  R 

10 

3.2 

25 

77.0 

00 

1 30.0 

107 

^2>i  A 

5.0 

20 

/0.0 

V  A 
152*0 

trkft 
lOO 

*>^f\  A 

Z20.4 

6.8 

27 

8a6 

68 

154.4 

109 

228.2 

■3 

ft  A 

^R 
Zo 

Sit  A 

Aa 
09 

I30.Z 

ff  ff^ 
I  10 

Z3IAIO 

1  2 

10.4 

29 

04.2 

70 

I  ^0.0 

Iff 
III 

'9')t  fi 
231.0 

1  1 

I  2.2 

30 

OO.O 

71 

1  rrt  fi 

233.0 

t  A  ^ 
14*0 

ff 

3* 

oy.o 

72 

113 

235.4 

9 

15.8 

32 

89.6 

73 

163.4 

114 

237.2 

fi 
0 

tt  (\ 
I/.** 

33 

91.4 

74 

f  Ac  '7 

1  Ojj .  z 

IIP 

239.0 

t 
I 

19.4 

34 

93-2 

75 

t  At 
107.0 

1  lA 
I  1 0 

240.0 

0 

21.2 

tA 

70 

%(A  R 

I  17 

242*0 

s 

23.0 

30 

90.0 

77 

170.0 

ilo 

4 

24.8 

37 

98.6 

78 

172.4 

119 

246.2 

3 

20.0 

30 

100.4 

174.2 

1  20 

240.0 

Z 

til  ii 

39 

IOZ.Z 

8^ 

v.vA 

1/0.0 

IZI 

<94A  ft 
349.0 

I 

30.2 

40 

104.0 

0 1 

tTT  ft 

1  22 

1  r  1  A 
23  1 .0 

ii  I 

R^ 
oz 

1  Trk  A 

123 

253^ 

+  I 

33f 

42 

107.6 

83 

181.4 

124 

255.2 

35*' 

43 

109.4 

04 

1  0  \.  X 

2I 

3 

IT  /4 

3/'4 

>l  A 

44 

T  1  I  ^ 

1  Zvl 

4 

39-2 

45 

\  I  yO 

ifiA  fi 
I  ou.o 

127 

5 

Af^ 

40 

07 

ififi  A 
100.0 

1 20 

202«4 

6 

42.8 

47 

I  16.6 

88 

190.4 

129 

264.2 

7 

44.0 

40 

I  10.4 

09 

1 92.2 

130 

oAA  ^ 
200.0 

Q 

40.4 

49 

I  Z0.2 

90 

1 94*^ 

tit 

'3* 

■7A'7  fi 

9 

40.2 

50 

IZZa/ 

91 

irkf  ft 
195.6 

132 

Z09.0 

Iv 

1 23*0 

92 

197.0 

133 

I**  t  A 
271.4 

1 1 

52 

12?. 6 

IOQ.4 

27  r  2 

12 

53-6 

53 

127.4 

94 

201.2 

J  35 

275.0 

13 

55-4 

54 

129.2 

95 

203.0 

136 

276.8 

57.2. 

55 

I3I.O 

96 

204.8 

137 

278.6 

:; 

I  59-0 

56 

132.8 

97 

206.6 

138 

2804 

'  6a8 

57 

134.6 

98 

208.4 

139 

282.2 

17 

62.6 

58 

13^ 

99 

2ia2 

140 

284.0 

18 

64.4 

59 

1382 

ICQ 

212.0 

141 

285.8 

19 

66.2 

60 

140.0 

lOI 

213.8 

142 

287.6 

20 

68.0 

61 

I4I.8 

1 

1  215.6 

143 

289.4  1 
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Table  No.  105  (continued). 

CENTIGLADK  and  FAUaK£iU£lT. 


Dcjgrees 
Cent. 

D^recs 
Fahr 

Degrees 

Degrees 
^.enta 

Degrees. 

Degrees 
dent. 

Deerccs 
Fahr. 

4-  144 

+  291.2 

j+  189 

+  372.2 

+  234 

+  453-2 

+  279 

+  534^ 

U5 

293.0 

190 

374-0 

235 

455-0 

280 

536.0 

2QA.8 

191 

17  c  R 

230 

201 

537-0 

296.6 

192 

377.6 

237 

458.6 

282 

S39.6 

3984 

193 

379^4 

238 

460.4 

283 

3oa2 

381.2 

239 

462.2 

284 

543.2 

150 

302.0 

;^ 

3830 

240 

464.0 

285 

545-0 

I  C  I 

241 

200 

54^<> 

152 

3056 

197 

386.6 

242 

467.6 

1  287 

548.6 

307.4 

198 

388.4 

243 

469.4 

288 

1 

309-2 

199 

390.2 

,  244 

471.2 

289 

552.2 

Isl 

311.O 

200 

392.0 

245 

473.0 

1  290 

554-0 

393.0 

474-* 

'  291 

555-8 

'57 

314.6 

202 

395-6 

247 

476.6 

292 

557-6 

ISS 

316.4 

203 

3974 

248 

4784 

293 

31812 

204 

399^2 

249 

48a2 

294 

561.2 

160 
161 

3200  1 

'  205 

401.0  ' 

250 

482.0 

295 

563.0 

251 

>iR?  R 
403.0 

290 

504.0 

162 

323-6 

207 

404.6 

252 

485.6 

i  297 

566.6 

163 

325.4 

aoS 

4o6k4 

253 

4874 

298 

568.4 

164 

327.2 

209 

408.2 

254 

489.2 

299 

57a2 

165 

329.0 

210 

410.0 

491.0 

300 

572.0 

166 

330.0 

Alt  R 

301 

573.*> 

167 

332.6 

212 

413.6 

257 

494.6 

302 

575.6 

168 

334-4 

213 

41  £-4 

2(8 

496.4 

303 

S77.4 

r69 

336.2 

214 

417.2 

259 

498.2 

304 

579.2 

170 

338.0 

215 

419.0 

260 

500.0 

305 

581.0 

t7  I 

•J  ■JO  8 
339-" 

'>i6 

A  '>r\  R 

em  R 

300 

502.0 

17a 

341.6 

217 

422.6 

26a 

503.6 

307 

584.6 

343*4 

218 

424.4 

263 

SoS*4 

308 

S86.4 

174 

345-2 

219 

426.2 

264 

507.2 

309 

588.2 

»75 

347.0 

220 

42&O 

265 

310 

59ao 

176 
170 

340.0 

0^  ■ 

,    ^2 1 

429.0 

311 

591.8 

177 

350.6 

;  222 

431.6 

267 

5 12.6 

312 

«»o^6 

178 

352.4 

223 

433.4 

268 

313 

179 

354-2 

224 

435-2 

269 

516.2 

314 

597.2 

180 

356.0 

225 

437-0 

270 

518.0 

315 

599.0 

181 

357.8 

226 

438.8 

271 

519.8 

316 

600.8 

182 

359-6 

227 

440i6 

272 

52tj6 

317 

602.6 

183 

361.4 

228 

442.4 

273 

5234 

318 

604.4 

T84 

363.2 

229 

444-2 

274 

525.2 

3'9 

606.2 

185 

365.0 

230 

446.0 

275 

527.0 

320 

608LO 

186 

366.8 

231 

447.8 

270 

528.8 

187 

368.6  ' 

1  232 

449.6 

277 

5  30.6 

m 

370.4 

1 

451.4 

278 

532-4 
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AlR-THEIUfOM£T£ltS. 

Air-theniiometen»  or  gas-theimometersy  though  inconvenient  because 
bulky,  are,  by  reason  of  the  great  expansiveness  of  air,  superior  to  such  as 
depend  upon  the  expansion  of  liquids  or  solids,  in  point  of  delicacy  and 
exactness.  In  any  thermometer,  whether  liquid  or  gas,  the  indications 
depend  jointly  uj)on  the  expansion  by  heat  of  the  fluid  substance,  and  that 
of  the  tube  which  holds  it  I  he  expansion  of  mercury  is  scarcely  seven 
times  that  of  the  glass  tube  within  which  it  expands,  and  the  exactness  of 
its  indications  aie  interfeied  with  by  the  vaiiation  in  the  expansiveness  of 
j^ass  of  difierent  qualities.  In  the  ga»thennometer,  on  the  contrary,  the 
expansiveness  of  the  gas  is  i6o  times  that  of  the  glass,  and  the  inequaJities 
of  the  glass  do  not  sensibly  affect  the  indications  of  the  instrument. 

Gas-thermometers,  or,  as  they  are  commonly  called,  air-thermometers, 
are  designed  either  to  maintain  a  constant  pressure  with  a  var)'ing  volume 
ot  air,  or  to  maintain  a  constant  volume  of  air  while  the  pressure  varies. 
In  the  first  case,  Fig.  119,  the  thermometer  consists  of  a  reservoir  a,  to  be 
placed  in  the  substance  of  which  the  temperature 
u  tt>  be  ascertained;  a  tube  d/,  connected  at  a 
snitable  distuoe  by  a  small  tnbetf^  to  the  reservoir;  <f 
a  tube  open  above,  thiougfi  which  mercury  is 
introdaced  into  the  instrament;  a  stop-cock  r  to 
open  or  close  a  communication — ist,  bet\reen  the 
tube  ^//and  the  atmosphere;  2d,  between  die  base 
of  the  tube  r//  and  the  atmosphere  ;  3d,  between 
the  two  tubes  d/,  cd\  4th,  between  both  these 
tubes  and  the  atmosphere.  The  tube  df,  which  is 
carefully  gauged,  answers  the  purpose  of  the  gradu- 
ated tube  of  the  nercufy-themiometer,  and  receives 
the  air  driven  over  by  expansion  from  the  reservoir, 
at  the  same  time  that  it  is  maintaiiwrd  at  or  near 
the  temperature  of  the  surroimding  atmosphere. 
7"hus  the  air  is  divided  between  the  reservoir  a  and 
tile  tube  df.  of  whicli  the  air  in  the  former  is  at  the 
temperature  of  tlie  substance  under  observation,  and  that  in  the  latter  is 
at  the  temperature  of  the  atmosphere.  These  two  portions  of  air  support 
the  sane  pressure,  which  can  at  all  times  be  approximated  to  that  oif  the 
atmosphere  fay  means  of  the  cock  r,  Enough  which  the  mercuy  is  allowed 
to  escape  nntil  it  arrives  at  the  same  level  in  the  two  tubes.  By  means  of 
a  formula  embracing  the  respective  volumes  of  the  two  p>ortions  of  air  and 
the  temf>erature  of  the  atmosphere,  the  temperature  of  the  substance  imder 
observation  is  determined.  But  it  is  apparent  that,  when  applied  as  a 
pyrometer  to  the  measurement  of  high  temperatures — higher,  that  is  to 
say,  than  the  boiling  point  of  mercury  (676^  F.) — the  greater  part  of  the  air 
passes  by  expansion  into  the  tube  df^  leaving  but  a  small  remainder  in  the 
reservoir  a.  A  serious  objection  to  this  is  £at  the  proportion  of  air  which 
passes  over  into  the  tube  df  iot  %  new  increase  of  tempeiature  is  very 
small,  and  is  with  difficulty  measured  with  sufficient  precision. 

The  second  lonn  of  ai^  thermometer,  in  which  the  pressure  varies  whilst 
the  vohnne  remsins  the  same,  was  used  by  M.  ILegnauit  in  bis  researches. 


FJg.  119.—. 


Digitized  by  Google 


326 


HEAT. 


The  temperature  is  measured  by  means'of  the  increased  elastic  force  of  the 
inclosed  air,  ttid  the  instrument  is  both  more  convenient  and  more  precise 
than  that  in  which  the  volume  varies,  for  at  all  temperatures  the  sensibility 
of  the  instrument  is  the  same.    At  high  temperatures  the  apparatus  is  liable 

to  distortion  under  the  pressure  of  the  inclosed  air  ;  but  this  may  be  pre- 
vented, if  needful,  by  introducing  air  of  a  lower  than  atmospheric  pressure  at 
an  ordinary  temperature,  even  so  low  as  one-fourth  of  an  atmosphere; 
for,  although  the  apparatus  is  less  sensitive  in  proportion  as  the  first  supply 
of  air  is  of  less  density  and  pressure,  yet  withal  it  is  sufficiently  sensitive. 
The  thermometer^  as  employed  by  M.  Regnault,  is  shown  in  Fig.  lao.  Two 

glass  tub^  df^  cdy  about  half-an-inch  bore» 
are  united  at  the  base  by  a  stop-cock  r. 
The  tube  cd  is  open  above,  and  df  is  con- 
nected to  the  reservoir  a  by  a  small  tube  ab. 
The  cover  of  the  boiler  \\\  which  the  reser- 
voir is  inclosed  is  shown  at  b,  and  the  tubes 
are  protected  from  the  heat  of  the  boiler  by 
the  partition  c  d.  By  means  of  a  three-way 
connection,  gy  and  tube  the  connecting^ 
tube  ah  communicates'  wiUi  an  air  pump^ 
by  means  of  which  the  apparatus  may  be 
dried,  and  air  or  other  gas  supplied  to  it. 
The  first  thing  to  be  done  is  to  completely 
dry  the  apparatus,  and  for  this  object,  a  little 
mercur>'  is  passed  into  the  tube  bd,  and  the 
cock  r  is  closed  against  it.  The  exhausting 
pump  is  then  set  to  work  to  exhaust  the 
tube^  which  is  done  several  times,  the  air 
being  slowly  re-admittnl  after  each  exhaus- 
tion, after  having  been  passed  through  a 
filter  of  pumice-stone  in  connection  with 
the  pump,  saturated  with  concentrated  sul- 
phuric acid  to  absorb  moisture,  and  thus 
desiccate  the  air.  During  this  part  of  the 
process,  the  reservoir  is  maintained  at  a 
temperature  of  130°  F.,  or  140''  F.,  to  insure 
complete  desiccation.  Next,  the  reservoir  is  plunged  into  melting  ice, 
the  two  vertical  tubes  bd^  cd^  are  put  into  communication,  and  filled  with 
mercury  up  to  a  suitable  kvd  /  maiked  on  the  tube  bd,  H  it  is  desired 
to  establish  an  internal  pressure  less  than  that  of  the  atmosphere,  the  air 
is  partially  exhausted  by  means  of  the  pump,  the  degree  of  exhaustion  being 
recorded  by  the  difference  of  level  in  the  two  tubes.  The  exhausting  tube 
h  is  then  hermetically  sealed,  and  the  mercury  adjusted  to  the  level  /in  the 
tube  bd. 


Fit.  11 


PVROMETERS. 


Pyrometers  are  employed  to  measure  temperatures  above  the  boiling 
point  of  mercury,  about  676**  F.    They  depend  upon  the  change  of  form  of 

either  solid  or  gaseous  bodies,  liquids  being  necessarily  inadmissible. 
Pyrometric  estimations  are  of  three  classes: — First,  those  of  which  the 
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indications  are  based  upon  the  change  of  dimensioos  of  a  particular  body, 
solid  or  gaseous — ^tiie  pyrometer;  second,  those  based  on  the  heat  imparted 
to  water  by  a  heated  body;  third,  those  which  are  based  upon  the  melting 
points  of  metals  and  metallic  alloys. 

Wedgwood's  pyrometer,  invented  in  1782,  was  founded  on  the  property 
possessed  by  clay  of  contracting  at  high  temperatures,  an  effect  which  is 
due  ])artly  to  the  dissipation  of  the  water  in  clay,  and  subsequently  to  partial 
vitrification.  The  apparatus  consists  of  a  metallic  groove,  24  mches  long, 
the  sides  of  which  converge,  being  half-an-inch  wide  above  and  three-tenths 
bdow.  The  day  is  made  up  into  litde  cylinders  or  truncated  cones,  which 
fit  the  commencement  of  the  groove  after  having  been  heated  to  low  red- 
ness; their  subsequent  contraction  by  heat  is  determined  by  allowing  them 
to  slide  from  the  top  of  the  groove  downwards  till  they  arrive  at  a  part  of 
it  through  which  they  cannot  pass.  The  zero  point  is  fixed  at  the  tempera- 
ture of  low  redness,  1077°  F.  The  whole  length  of  the  groove  or  scale  is 
divided  into  240  degrees,  each  of  which  was  supposed  by  Wedg\^'Ood 
equivalent  to  130°  F.,  the  other  end  of  the  scale  being  assumed  to  represent 
32,277°  F.  Wedgwood  also  assumed  that  the  contraction  of  the  clay  was 
proportional  to  the  degree  of  heat  to  which  it  might  be  exposed;  but  tins 
assumption  is  not  correct,  for  a  long-continued  moderate  heat  is  found  to 
cause  the  same  amoimt  of  contraction  as  a  more  violent  heat  for  a  shorter 
period.  Wedgwood's  pyrometer  is  not  employed  by  scientiiic  men,  because 
its  indications  cannot  be  relied  upon  for  the  reason  just  given,  and  also 
because  the  contraction  of  different  clays  under  great  heat  is  not  always  the 
same. 

In  Daniell's  pyrometer  the  temperature  is  measured  by  the  expansion  of 
a  metal  bar  inclosed  in  a  black-lead  earthenware  case,  which  is  drilled  out 
longitudinally  to  ^  inch  in  diameter  and  7^  inches  deep.  A  bar  of 
platinum  or  soft  iron,  a  litde  less  in  diameter,  and  an  inch  shorter  than  the 
bore,  is  placed  in  it  and  surmounted  by  a  porcelain  index  i)i  inches  long, 
kept  in  its  place  by  a  strap  of  platinum  and  an  earthenware  wedge. 
When  the  instrument  is  heated,  the  bar,  by  its  preater  rate  of  expansion 
compared  with  the  black-lead,  presses  fonvard  the  index,  which  is  kept  in 
its  new  situation  by  the  strap  and  wedge  until  the  instrument  cools,  when 
the  observation  can  be  taken  by  means  of  a  scale. 

The  air-pyrometer.  The  principle  and  construction  of  the  air-thermo- 
meter are  directly  applicable  for  pyrometric  purposes,  substitutmg  a  platinum 
l^be  for  the  glass  reservoir  alrauly  described,  for  resisting  great  heat,  and 
as  large  as  possible.  The  chief  cause  of  uncertainty  is  the  expansion  of 
die  metal  at  high  temperatures. 

The  second  means  of  estimation  is  best  represented  by  the  "pyrometer" 
of  Mr.  Wilson,  of  St  Helen's.  He  heats  a  given  weight  of  platinum  in  the 
fire  of  which  the  temperature  is  to  be  measured,  and  plunges  it  into  a 
vessel  containing  twice  the  weight  of  water  of  a  known  temperature. 
Observing  the  rise  of  temperature  in  the  water,  he  calculates  the  tempera- 
ture to  which  the  platinum  was  subjected,  in  terms  of  the  rise  of  tempera- 
ture of  the  water,  the  rdative  weights  of  the  pkitinum  and  the  water,  and 
tiieir  specific  he^ts.  In  fact,  the  elevation  of  the  temperature  of  the 
water  is  to  that  of  the  platinum  above  the  original  temperature  of  the  water 
in  the  compound  ratio  of  the  weights  and  specific  heats  inversely;  that  is 
to  say,  that  the  weights  of  the  platinum  and  the  water  being  as  i  to  2,  and 
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their  specific  heats  as  .05x4  to  x,  tiu  xiae  of  temperetuie  of  the  water  is  to 
that  of  the  platimnn  as  i  x  .0314  to  2  x  i,  or  as  i  to  63.7,  and  the  rule  fat 

finding  the  temperature  of  the  fire  is  to  multiply  the  rise  of  temperature  of 
the  water  by  63.7,  and  add  its  original  temperature  10  the  })roduct  The 
sum  is  the  temperature  of  the  fire,  subject  to  correction  for  the  heat 
absorbed  by  the  thennometer  in  the  water,  and  by  the  iron  vessel  contain- 
ing the  water,  and  the  heat  retained  by  the  platinum.  1  he  correcuon  is 
esrimated  by  Mr.  Wilsoa  at  -^th,  taking  the  weight  of  water  at  aooo  greiaSy 
and  that  of  the  platinum  1000  gmins,  inid  it  may  be  allowed  fisr  by  inaeas- 
ing  the  above-named  multij'lier  by  Ytihf  to  67.45. 

Mr.  Wilson  proposed  that  for  general  practical  purposes  a  moall  piece  of 
Stourbridge  clay  be  substituted  for  platinum,  to  lessen  the  cost  of  the 
ap])aratus.  With  a  piece  of  such  cla\-,  weighing  200  grains,  and  2000 
grains  of  water,  he  found  that  the  correct  multiplier  was  46. 

The  third  means  of  estimation,  based  on  the  melting  pomts  of  metals 
and  metallic  alloys,  is  applied  simply  by  suspending  in  the  heated  medium 
a  piece  of  metal  or  alloy  of  wbich  tbe  midting  point  is  known,  and,  if 
neoessaiy,  two  or  more  pieces  of  difoent  melting  points,  so  as  to  ascettain, 
accordii^;  to  the  pieces  which  are  melted  and  those  which  continue  in  the 
solid  state,  within  certain  limits  of  temperature,  the  heat  of  the  furnace.  A 
list  of  melting  points  of  metals  and  metallic  alloys  is  given  in  a  aubaequent 
chapter. 

Luminosity  at  High  Tebiperatores. 


The  luminosity  or  shades  of 

temperature  have  been 

observed  by  M. 

Pouillet  by  means  of  an  air-pyroroeter  to  be 

as  follows:-— 

Shaob. 

TSMPBKATVIIB, 

Ccntignde. 

977' 

700 

1192 

800 

900 

1652 

1000 

1832 

1 100 

2012 

1200 

2192 

White  

1300 

2372 

"Sweating"  White  

1400 

2552 

1500 

2732 

A  bright  bar  of  iron,  slowly 

heated  in 

contact  with 

air,  assumes  die 

foUowmg  tmts  at  annexed  temperatures  (Claudel) : — 

Centigrade. 

Fahrenheit. 

I.  Cold  iron  at  about .... 

or  54' 

437 

473 

509 

531 

....  a88 

550 

559 

8.  (ireen  at  

630 

753 
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MOVEMENTS  OF  HEAT. 

When  two  bocBes  in  the  xieighbotiThood  of  each  other  have  unequal 
temperatures,  there  exists  between  them  atnnsfer  of  heat  from  the  hotter 

of  the  two  to  the  otfier.  The  tendenqr  to  an  equalization,  or  towards  an 
equilibrium,  of  temperatures  in  this  way  is  universal,  and  the  passage  of 
heat  takes  place  in  three  ways :  by  radiation,  by  conduction,  and  by  con- 
▼ection  or  carriage  from  one  place  to  another  by  heated  currents. 

Radiation  of  Heat  from  Combustibles. 

It  is  a  common  assumption  that  the  quantity  of  heat  radiated  from  com- 
bustibles is  very  small  in  comparison  with  the  total  quantity  of  heat  evolved. 
Holding  the  hand  near  the  flame  of  acandle,  laterally,  the  radiant  heat,  which 
is  the  only  heat  thus  experienced,  is  much  less  than  the  heat  experienced 
by  the  hand  when  held  above  the  flame,  which  is  the  heat  by  convection 
of  the  hot  current  of  air  which  rises  from  the  flame.  But  it  is  to  be  noted 
that,  whilst  the  radiant  heat  is  dissipated  all  round  the  flame,  the  diameter 
of  the  upward  current  is  little  more  than  that  of  the  flame,  and  the  conveyed 
heat  is  therefore  concentiated  in  a  nanow  campus, 

M.  Peclet,  by  means  of  a  simple  apparatus,  consisting  of  a  cage  suspend- 
ing the  combustible  within  a  hollow  cylinder  filled  with  water  in  an  annular 
space,  ascertained  that  the  proportion  of  the  total  heat  radiated  from 
different  combustibles  was  as  follows: — 

Radiant  heat  from  wood  nearly 

Do.      do.     wood  charcoal   „  J^. 

Do.      da     oil   „  V5. 

These  values  serve  to  show  that  radiation  of  heat  is  considerable,  and  that 
flameless  carbon  radiates  much  more  than  flame,  though  the  proportion  of 
heat  radiated  from  fuels  depends  very  much  upon  the  disposition  of  the 

material  and  the  extent  of  rai^^liating  surface: 

With  respect  to  heated  bodies,  apart  from  combustibles  as  such,  the 
radiation  or  emission  of  heat  implies  tlie  reverse  process  of  absorption,  and 
the  best  radiators  are  likewise  the  best  absorbents  of  heat.  All  l)odies 
possess  the  property  of  radiating  heat.  The  heat  rays  [)ro<  eed  in  straight 
lines,  and  the  intensity  of  the  heat  radiated  from  any  one  source  of  heat 
becomes  less  as  the  distance  from  the  source  of  beat  increases,  in  the 
inverse  ratio  of  the  squiu-e  of  the  distance.  That  is  to  say,  for  example, 
that  at  any  given  distance  from  the  source  of  radiation,  the  intensity  of  the 
radiant  heat  is  four  times  as  great  as  it  is  at  twice  die  distance,  and  nine 
times  as  great  as  it  is  at  three  times  the  distance. 

The  quantity  of  heat  emitted  by  radiation  increases  in  some  proportion 
with  the  difference  of  temperatures  of  the  radiating  body  and  the  surrounding 
medium,  but  more  ra])idly  than  the  simple  jjroportion  for  the  greater  differ- 
ences; and  the  quantity  of  heal,  greater  or  less,  emitted  by  bodies  by  radiation 
under  the  same  circumstances  is  the  measure  of  their  nutiatii^ power. 

Radiant  heat  traverses  air  without  heating  it 

When  a  polished  body  is  struck  by  a  ray  of  heat,  it  absorbs  a  part  of  the 

heat  and  reflects  the  rest  The  greater  or  less  proporti<»  of  heat  absorbed 
by  the  body  is  the  measure  of  its  absorbing  pnoer^  nd  the  reflected  heat  is 
the  measure  of  its  r^eOing  power. 
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When  the  temperature  of  a  body  remains  constant  it  indicates  that  the 
quantity  of  heat  emitted  is  equal  to  the  quantity  of  heat  absorbed  by  the 
body.  The  reflecting  power  of  a  body  is  the  complement  of  its  absorbing 
power;  that  is  to  say.  thai  the  sum  of  the  absorbing  and  reflecting  powers  of 
all  bodies  is  the  same,  which  amounts  to  this,  that  a  ray  of  heat  striking  a 
body  is  disposed  of  by  absorption  and  reflection  together,  that  which  is  not 
absorbed  being  necessarily  reflected. 

For  example,  the  radiating  power  of  a  body  being  represented  by  90,  the 
reflecting  power  is  also  90,  and  the  absorbing  power  is  10,  supposing  that 


Table  No.  106. — Comparative  Radiating  or  Absorbent  and 
Rkflectino  Fowkrs  or  Substances. 


SvaSTAMCSi 


Radiatiiis  or 
»«     « » 

100 

0 

ICO 

0 

100 

98 

2 

93  to  98 

7  to  2 

91 

9 

90 

10 

«5 

15 

85 

IS 

7» 

28 

«7 

73 

as 

75 

a3 

77 

a3 

77 

19 

81 

17 

83 

94 

76 

17 

83 

17 

83 

IS 

85 

II 

89 

9 

91 

7 

93 

7 

93 

14 

86 

7 

93 

7 

93 

5 

9S 

3 

97 

3 

97 

3 

97 

■•••■■••••••■I 


Lamp  Black  

Water  

Carbonate  of  Lead. 

Writing  Paper  

Ivory,  Jet,  Marble . 

Isinglass  

Ordinary  Glass  

China  Ink  

Ice  

Gum  Lac  

Silver  Leaf  on  Glass  

Cast  Iron,  brighdy  polished  

Merciirv,  about  

Wrought  Iron,  polished  

Zinc,  polished  

Steel,  polished  

Platintun,  a  little  pdished  

Do.    deposited  on  Copper . . . . 

Da    in  Sheet  

Tin    

Brass,  cast,  dead  polished  

Do.  hammered,  dead  poHshed.. 

Do.   cast,  bright  polished  

Do.   hammered,  bright  polished . 

Copper,  varnislied  

Do.    deposited  on  iron  

Da    hammered  or  cast  

Gold,  plated  

Do.  deposited  on  polished  Steel. 
Sib  er,  hammered,  polished  bright. 

Do.  cast,  polished  bright  
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the  total  quantity  of  heat  which  strikes  the  body  is  represented  by  100. 
The  reflecting  power  of  soot  is  sensibly  ml,  and  its  absorbing  and  radiating 
powers  are  too. 

The  absorbing  power  varies  with  the  nature  of  the  source  of  heat,  with 
the  condition  of  the  substance,  and  with  the  inclination  of  the  direction  of 
the  heat  radiated  upon  the  body.  That  of  a  metallic  surface  is  so  much 
the  less,  and  consequently  the  reflecting  power  is  so  much  the  more,  in 
proportion  as  the  surface  is  better  polished. 

The  reflecting  power  of  metals,  according  to  MM.  de  la  Provostaye  and 
Desains,  is  practically  the  same,  when  the  angle  of  incidence,  that  is  the 
angle  at  which  the  rays  of  heat  strike  the  surface,  is  less  than  70"  of  inclina- 
tion with  the  sur&ce;  but  for  greater  angles,  approaching  more  nearly  to 
90%  perpendicular  to  the  surface,  it  sensibly  diminishes. 

For  example,  at  angles  of  from  75  to  80  degrees,  the  reflecting  power  is 
only  94  per  cent,  of  what  it  is  under  the  smaller  angles  of  incidence. 

The  table  No.  106  contains  the  radiating  and  absorbing  powers  and  the 
reflecting  powers  of  various  substances.  (Leslie,  De  la  Frovostaye  and 
Daains^  ami  Melloni,) 

The  reflecting  power  of  glass  has  been  found  to  be  the  same  for  heat  and 

for  light 

Conduction  of  Heat* — Conduction  is  the  movement  of  heat  through  sub- 
stances, or  fix>m  one  substance  to  another  in  contact  with  it   The  table 

No.  107  contains  the  relative  internal  conducting  power  of  metals  and  earths, 
according  to  M.  Despretz.  A  body  which  conducts  heat  well  is  called  a 
good  conductor  of  heat;  if  it  conducts  heat  slowly,  it  is  a  bad  conductor  of 
heat.  Bodies  which  are  finely  fibrous,  as  cotton,  wool,  eider-down,  wadding, 
finely  divided  charcoal,  are  the  worst  conductors  of  heat.  Liquids  and 
guises  are  bad  conductors;  but  if  suitable  provision  be  made  for  the  free 
circulation  of  fluids  they  may  abstract  heat  very  quickly  by  contact  with 
heated  surfiices,  acting  by  convection. 

Convedum  of  Heat. — Convected  or  carried  heat  is  that  which  is  trans- 
ferred from  one  place  to  another  by  a  current  of  liquid  or  gas:  for  example, 
by  the  products  of  combustion  in  a  furnace  towards  the  heating  sur^u;e 
in  the  flues  of  a  boiler. 


Table  No.  107. — Relative  Internal  Conducting  Power  of  Bodies. 


Sttlmaiioik 

Relative  conducting 
poww. 

1 

1  SubttMDOC 

Relative  conducting 
power* 

Gold  

1000 
981 

973 
892 

749 

562 

374 

3^3 

304 
180 

24 
13 

II 

Tin  

i  SUver  

1 
1 

1 
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THE  MECHANICAL  THEORY  OF  HEAT. 

Heat  and  mechanical  force  are  identical  and  convertible.  Independently 
of  the  medium  tlirough  which  heat  may  be  developed  into  mechanical 
action,  the  same  quantity  of  heat  is  resolved  into  the  same  total  quantity 
of  work.  Tht  English  unit  of  heat  is  that  which  is  required  to  raise  the  tem- 
perature of  I  lb.  of  water  at  39**.  i,  i  degree  Fahr.  If  2  lbs.  of  water  be  raised 
I  degree,  or  i  lb.  be  raised  2  degrees  in  temperature,  the  expenditure  of 
heat  is  the  same  in  amount,  namely,  two  units  of  heat;  and  to  express  the 
mechviniral  equivalent  of  heat,  the  comparison  lies  between  the  unit  of 
heat  on  the  one  part,  and  the  unit  of  work,  or  the  foot-pound,  on  the  other 
part.  The  most  precise  determination  yet  made  of  the  numerical  relation 
subsisting  between  Ileal  and  niechamcal  work  was  obtained  by  the  following 
experiment  of  Dr.  Joule.    He  constructed  an  agitator,  Fig.  121,  consisting 

of  a  vertical  shaft  carry- 
ing a  brass  paddle-whed, 
of  which  the  paddles  re- 
volved between  station- 
ary vanes,  which  ser\ed 
to  prevent  the  li<juid  in 
tJie  vessel  from  being 
bodily  whirled  in  the 
direction  of  rotation. 
The  vessel  was  filled 
with  water,  and  the  agir 
tator  was  made  to  revolve 
by  means  of  a  cord  wound 
round  the  upper  part  of 
the  shaft,  and  attached 
to  a  weight  which  de- 
scended in  front  of  a 

_t_^  scale,  by  which  the  work 

rtr.nz.-Dr.  jmiie'f  Agtator.  ^^^^^  measured. 

When  all  corrections  had  been  applied,  it  was  found  that  die  heat  com- 
municated to  the  water  by  the  agitation  amounted  to  one  pound-degree 
Fahrenheit  for  every  772  foot-pounds  of  work  expended  in  producing  it 

It  was  deduced,  inversely,  that  one  unit  of  heat  was  capable  of  raising 
772  lbs.  weight  i  foot  in  height.  The  mechanical  equivalent  of  heat, 
kno\\Ti  as  "  Joule's  eciuivalent,"  is  therefore  taken  as  772  foot-i)ounds  for 
I  unit  of  heat.  Sperm  oil  was  tried  as  the  fluid  medium,  and  it  yielded  the 
same  results  as  water. 

The  following  are  the  values  of  Joule's  ecpiivalent  for  different  thermo- 
metric  scales,  and  in  English  and  French  units: — 

I  degree  Centigrade  in  i  pound  of  water— 1389.60  (say  1390)  foot-pounds. 
I  French  thermal  unit  is  equal  to  3.968  English  thermal  units — about 
4  English  units. 
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According  to  the  mechanical  theory  of  heat,  in  its  general  form,  heat, 
mechanical  force,  electricity,  chemical  affinity,  light,  and  sound,  are  but 
different  manifestitions  of  motion.  Dulong  and  Gay  Lussac  proved  by 
their  experiments  on  sound,  that  the  greater  the  specitic  heat  of  a  gas,  the 
more  rapid  are  its  atomic  vibrations.  Elevation  of  temperature  does  not 
liter  the  xapidity  but  incieaaes  tte  length  of  tbeir  vibranons*  and  in  con* 
nrqaenrft  piodiices  "expauion  "  of  the  body.  All  gases  and  vapours  aie 
assumed  to  ooosiat  of  numerous  smaE  atoms^  movk^  or  vibnting  in  all 
directions  with  great  rapidity ;  but  the  average  velocity  of  these  vibrations 
can  be  estimated  when  the  pressure  and  weight  of  any  given  volume  of  the 
gas  is  known,  pressure  being,  as  explamed  by  Joule,  the  impact  of  those 
numerous  small  atoms  striking  in  all  directions,  and  against  the  sides  of  the 
vessel  containing  the  ga&  1  he  greater  the  number  of  these  atoms,  or  the 
greater  their  aggregate  weighty  in  a  given  space,  and  tlie  higher  the  velocity, 
the  greater  is  the  pressure.  A  doudble  weight  of  a  peifect  gas»  when  con- 
fined in  the  same  spaoe,  and  vibrating  with  the  same  vdodly^hat  is, 
having  the  same  temperature— gives  a  double  pressure;  but  the  same  weight 
of  gas,  confined  in  the  same  space,  will,  when  the  atoms  vibrate  with  a 
double  velocity,  give  a  quadruple  pressure.  An  increase  or  decrease  of 
temperature  is  simply  an  increase  or  decrease  of  molecular  motion.  When 
the  piston  in  the  cylmder  yields  to  the  pressure  of  steam,  the  atoms  will 
not  rebound  irom  it  with  the  same  velocity  with  which  they  strike,  but  will 
return  after  each  succeeding  blow,  with  a  velocity  continually  decreasing 
as  the  piston  continues  to  secede^  and  the  length  of  the  vibrations  will  be 
dimnuflhed.  Hie  motion  gained  by  the  piston  will  be  predsely  equivalent 
to  the  enetgy,  hest,  or  molecniar  motion  lost  by  the  atoms  of  the  gas; 
and  it  would  be  as  reasonable  to  eipect  one  billiard  ball  to  strike  and  give 
motion  to  another  without  losing  any  of  its  own  motion,  as  to  suppose  that 
the  piston  of  a  steam-engine  can  be  set  in  motion  without  a  ooizespoodiDg 
quantity  of  energy  being  lost  by  some  other  body. 

In  expanding  air  spontaneously  to  a  double  volume,  delivering  it,  say, 
into  a  vacuous  space,  it  has  been  proved  repeatedly  that  the  air  does  not 
appreciably  ML  intempciaturc^noeiteinal  work  being  performed;  but  tha^ 
OB  the  ooBlraiy,  if  the  air  at  a  tes^peratuie,  say»  of  230''  F.,  be  expanded 
against  an  opposing  pressure  or  resistance,  as  agamst  the  piston  of  acylindei^ 
giving  motion  to  it  and  raising  a  weight  or  otiberwise  doing  work,  the  tem- 
perature will  fall  nearly  170°  F.  when  the  volume  is  doubled,  that  is  from 
230°  F.  to  about  60  F.,  and,  taking  the  initial  pressure  at  40  Ib&y 
the  final  pressure  would  be  15  lbs.  per  square  inch. 

When  a  pound  weight  of  air,  in  expanding,  at  any  temperature  or  pressure, 
raises  130  lbs.  one  loot  high,  it  loses  F.  in  temperature;  in  other 
WQids,  this  pound  of  air  would  lose  as  much  molecular  energy  as  would 
equal  the  energy  aoqused  by  a  weight  of  one  pound  fiilling  through  a 
height  of  130  feet  It  must,  however,  be  remarked  that  but  a  small  portion 
of  this  work — 130  foot-pounds — can  be  had  as  available  work,  as  the  heat 
which  disappears  does  not  depend  on  the  amount  of  work  or  duty  realized, 
but  upon  the  total  of  the  opposing  forces,  including  all  resistance  from  any 
external  source  whatever.  When  air  is  (  oinpressed  the  atmosphere  descends 
and  follows  the  piston,  assisting  in  the  operation  mth  its  whole  weight ;  and 
when  air  is  expanded  the  motion  of  the  piston  is,  on  the  contrary,  opposed 
by  the  whole  weight  of  the  atmosphere,  which  is  again  raised.  Although, 
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therefore,  in  expanding  air,  the  heat  which  disapi)ears  is  in  proportion  to 
the  total  opposing  force,  it  is  much  in  excess  of  what  can  be  rendered 
available;  and,  commonly,  where  air  is  compressed  the  heat  genented  is 
much  greater  than  that  which  is  due  to  the  work  which  is  required  to  be 
expended  in  compressing  it,  the  atmosphere  Msisring  in  the  operation. 

Let  a  pound  of  water,  at  a  temperature  of  21 3**  F.,  be  injected  into  a 
vacuous  space  or  vessel,  having  26.36  cubic  feet  of  capacity — the  volume 
of  one  pound  of  saturated  steam  at  that  temperature — and  let  it  be  evapor- 
ated into  such  steam,  then  893.8  units  of  heat  would  be  expended  in  the 
process.  But  if  a  second  pound  of  water,  at  212°,  be  injected  and  evapor- 
ated at  the  same  temperature,  under  a  uniform  pressure  of  14.7  lbs.  per 
square  inch,  being  the  pressure  due  to  the  temperature,  the  second  pound 
must  dislo<^e  the  first,  supposing  the  vessel  to  be  expansible,  by  repelling 
that  pressure;  and  this  involves  an  amount  of  labour  equal  to  55f8oo  foot- 
pounds (that  is,  14.7  lbs.  x  144  square  inches  x  26.36  cubic  feet),  and  an 
additional  expenditure  of  73.3  units  of  heat  (that  is,  55>3oo-i-  773),  making 
a  total,  for  the  second  pound,  of  965.1  units. 

Similarly,  when  1408  units  of  heat  are  expended  in  raising  the  tempera- 
ture of  air  under  a  constant  pressure,  1000  of  these  units  increase  the 
velocity  of  the  molecules,  or  produce  a  sensible  increase  of  temperature; 
while  the  remaining  408  units,  which  disappear  as  the  air  expands,  are 
directly  consumed  in  repelling  the  external  pressure  for  the  expansion  of 
volume. 

Again,  if  steam  be  permitted  to  flow  from  a  boiler  into  a  comparatively 
vacuous  space  widiout  giving  motion  to  another  body,  the  temperature  A 

the  steam  entering  this  space  would  rise  higher  than  that  of  the  steam  in 
the  boiler.  Or,  suppose  two  vessels,  side  by  side,  one  of  them  vacuous  and 
the  other  filled  with  air  at,  say,  two  atmospheres;  if  a  communication  be 
opened  between  them,  the  pressure  becomes  the  same  in  both.  But  the 
temperature  would  fall  in  one  vessel  and  rise  in  the  other;  and  although 
the  air  is  expanded  in  thb  manner  to  double  its  first  volume,  there  woiSd 
not,  on  the  whole,  be  any  appreciable  loss  of  heat,  for  if  the  separate  por- 
tions of  air  be  mixed  together,  the  resulting  average  temperature  of  die 
whole  would  be  very  nearly  the  same  as  at  first.  It  has  been  proved 
experimentally,  corroborative  of  this  statement,  that  the  quantity  of  heat 
re(|uircd  to  raise  the  temperature  of  a  given  weight  of  air,  to  a  given  extent, 
is  the  same,  irrespective  of  the  density  or  the  volume  of  the  air.  Regnault 
and  Joule  found  that  to  raise  the  temperature  of  a  pound  of  air,  whether 
I  cubic  foot  or  10  cubic  feet  in  volume,  the  same  quantity  of  heat  was 
expended. 

In  rising  against  the  force  of  gravity  steam  becomes  colder,  and  it  par- 
tially condenses  while  ascending,  in  the  eflbrt  of  overcoming  the  resistance 
of  gmvity.    For  instance,  a  column  o{  steam  weighing,  on  a  square  inch  of 

base,  250.3  lbs.,  that  is  to  say,  having  a  pressure  of  250.3  lbs.  per  square 
inch,  would,  at  a  height  of  275,000  feet,  be  reduced  to  a  j)ressure  of  i  lb. 
per  S(juare  inch,  and,  in  ascending  to  this  height,  the  temperature  would 
fall  from  401"  to  102**  F.,  while,  at  the  same  time,  nearly  25  per  cent, 
of  the  whole  vapour  would  be  precipitated  in  the  fomi  of  water,  unless  it 
were  supplied  with  additional  heat  while  ascending. 

If  a  body  of  compressed  air  be  allowed  to  rush  freely  into  the  atmosphere, 
the  temperature  fidls  in  the  rapid  part  of  the  current,  by  the  conversion  of 
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heat  into  motion,  but  the  heat  is  almost  all  reproduced  when  the  motion 
has  quite  subsided.  From  recent  experiments,  it  appears  that  nearly 
similar  results  are  obtained  from  the  emission  of  steam  under  pressure. 

When  water  falls  through  a  gaseous  atmosphere,  its  motion  is  constantly 
retarded  as  it  is  brought  into  collision  with  the  particles  of  that  atmosphere, 
and  by  this  collision  it  is  partly  heated  and  partly  converted  into  vapour. 

If  a  body  of  water  descends  freely  through  a  height  of  772  feet,  it  acquires 
from  gravi^  a  velocity  of  223  feet  per  second;  and,  if  suddenly  brought  to 
lest  when  moving  with  this  velocity,  it  would  be  violently  agitated,  and 
would  be  raised  one  degree  of  temperature.  But  suppose  a  water-wheel, 
772  feet  in  diameter,  into  the  buckets  of  which  the  water  is  quietly  dropped; 
when  the  water  descends  to  the  foot  of  the  fall,  and  is  delivered  gently  into 
the  tail-race,  it  is  not  sensibly  heated.  The  greatest  amount  of  work  it  is 
possible  to  obtain  from  water  falling  from  a  given  level  to  a  lower  level  is 
expressible  by  the  weight  of  water  multiplied  by  the  height  of  the  &1L 

These  illustrative  euiibitions  of  the  nature  and  reciprocal  action  of  heat 
and  modve  power,  show  that  die  nature  and  extent  of  the  change  of  tern- 
peiature  of  a  gas  while  expanding  depend  nearly  altogether  upon  the  dr- 
cumstances  under  which  the  change  of  volume  takes  place. 
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All  bodies  are  expanded  by  the  application  of  heat,  but  in  difierent 
degrees.  Expansion  is  measurable  in  three  directions: — Len^,  breadth, 
and  thickness ;  and  it  may  be  measured  as  linear  expansion,  m  one  direc- 
tion; as  superficial  expansion,  in  two  directions;  or  as  cubical  expansion, 
in  three  directions.  Linear  expansion,  or  the  expansion  of  length,  is  that 
which  will  be  exposed  in  the  following  tables  for  solids  and  liquids.  The 
expansion  of  gases  is  measured  cubically,  by  volume. 

Superficial  expansion,  it  may  be  added,  is  twice  the  linear  expansion,  and 
cubical  expansion  is  three  times  the  linear  expansion.    That  is  to  say,  the 

additional  volume  by  expansion  in  two  direco 
dons,  as  in  length  and  breadth,  is  twice  the 
additional  volume  in  one  direction;  and  the 
additional  volume  in  three  directions  is  three 
times  that  in  one  direction.  For  example, 
take  a  solid  cube  abcdefg\  the  expansion  in 
one  direction  ea^  on  the  face  abed,  is,  say, 
equal  to  that  indicated  by  the  dot  lines  pro- 
jected from  that  face,  and  the  volume  by 
expansion  is  equal  to  the  extension  of  the 
surface  abed  thus  projected  In  each  of  the 
two  other  directions,  da^  upwards,  and  ahy 
laterally,  the  volume  by  expansion  is  the  same 
as  that  of  the  expansion  on  the  face  abed.  Consequently,  the  total 
increase  of  volume  by  expansion,  as  measured  cubically,  in  the  three 
directions  of  length,  breadth,  and  thickness,  is  three  times  the  increase  of 
volume  in  one  direction  singly;  and,  as  measured  superficially,  in  two  of 
these  directions,  it  is  twice  the  increase  of  volume  in  one  direction. 
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Table  No.  108. — Lin&ar  Expansion  of  Solids  by  Hkat,  beiween 

33*  AND  213°  F. 


MSTALS. 


i 


Zinc,  sheet   

Do.,  forged  

Le;ui  

Zinc  8    1  tin,  slightly  ham- 
mered  

White  Soider>-tiii  i    a  lead. 

Tin,  grnn  

Tin  

Silver  

S])eculum  metal  

Brass   

Copper  

Gun  Metal: — 16  copper -f  i  tin 
8  copper  •I'  I  tin 

Yellow  Brass: — Rod  

Da  Trougli  Ibnn.. 
Gold:— 

FSaiis  standard,  annealed 
Da  unannealed 

Bismutfi  

Iron,  forged  

Do.  wire  

Steel,  rod,  5  feet  long  

Da  terapered  

Do.  not  tempered.  

Cast  Iron,  rod,  5  feet  loiig»... 

Antimony  

Palladium  ,  

Platinum  »  


between  32' 
and  21  a'  F. 
ia  common 


V 


340 

3»i 


V. 


As. 

Im 
403 
V46. 

V581 

V66T 
V8r9 

Vsi. 

V»74 

y9.6 

*/tooo 
V..67 


f 

'  KxpamioB 

between  «* 

iaakogth  . 

1 

Expansion 
between  32* 
sinQ  313  r . 
ualennb 

OF  10  MKi  j 

1  len^MoT  100 

length  =  100. 

inch. 

indi. 

.20416 

.0106 

.3 1083 

.0207 

.28484 

.■^4.2 

.0190 

.26917 

.322 

•0179 

.0169 

.208 

.31730 

.260 

•OMS 

.229 

1  .0127 

.  IQ-J  7  t 
•  *  7 JO J 

.212 

1  .01  to 

.18782 

.22  c 

.oi2«; 

.  I  7220 

.  207 

1  .01 1 1; 

.1008^ 

.229 

.0127 

.18167 

.218 

•0121 

.z8oto 

.227 

.0126 

,1804$ 

,0136 

J  JO 

.181 

.otoi 

.is<;i6 

.186 

.0103 

.  167 

i  .00028 

.12204 

.146 

.00814 

.12350 

.146 

.00023 

.11450 

.137 

.00763 

.12396 

.149 

.oo8s6 

.10792 

.130 

.00719 

.11100 

.133 

.00740 

.10833 

.130 

.00722 

.10000 

.120 

'  .00667 

.08570 

.103 

.00571 

°  to  300'  C. 


From  o 

(32^  F.  to  572°  F.) 

^*Wer  \  ^.  3^^o 

I  o*  to  106"  C. 


Iron  

Platinum 


to  300 
to  100 
to  300°  C 


"»  c. 

c. 


I 

V846 
V68X 

V. 

t 


103 


.17182 
.18832 

.11821 

.14684 

.08842 
.09183 


1 


.206 
.226 
.142 
.176 
.106 
•III 


.0115 

.00418 

.00788 

.00336 

.00589 

.00304 
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Tabk  No.  108  (cmOmiud), 


1 

Expansion 
between  33* 
aadaia*!*. 

Expansion 
between  3a* 
and  aia*  r. 
inakngth 
asioa 

1 

Expansion  ' 
between  12 
and  312°  F. 
in  a  length 

of  lofaeL 

1 

Expansion 
for  I   F.  in  a 
length  of  loo 
feet. 

Barometer  tubes  (Smeaton).... 

Glass  rod,  solid  (Rov)  

Do.  (0°  to  200"  C.)  

Do.  (0'  to  300°  C.)  

V  "47 
V»090 

V117S 

V  «a37 

V087 

.08117 
.08720 

•09175 
.08000 

.08333 

•07755 
.08083 

.08613 

.09484 

.10108 

inch. 
.0974 
.105 
.110 
.107 
.100 
.0931 
.0970 
.103 
.114 
.121 

inch. 
.00541 
.00581  i 
.00612 

>Jw~  1 

.00555 

.00517 

•00539 
.00574 
.OOO32 
.00674 

.0333 

8TONB8. 

loitiai 
Twnpcwtinc. 

Final 
Temperature. 

Expansion 
in  a  loigtfa 
=100. 

Expansion 
fur  i'  F.  in  a 
1  length  of  xoo 
1*  feet. 

45 
46 

46 

46 

5a 
52 
52 
52 
45 
45 
32 

3« 
5a 

220*  F. 
100 

87 
104 

95 
200 

200 

150 

lOO 

100 
260 
212 
212 
260 

length  =  too.. 
.2916 
.0416 
.0416 
.0693 
.1695  1 

•1736 

.1041  1 

.0832 

.0520 

.0416 

.1458 

.0849 

.0568 

.2500 

inch. 
.0200 
.00908 
.0122 

.0143 

.0415 

.0141 

.00S44 

.0102 

.01300 

.00908 

.00814 

.00566 

.00380 

.00X44 

1 

1 

1 
1 

1 
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Speaking  exactly,  tlie  cubical  expansion  is  rather  less  than  three  times, 
and  the  superficial  expansion  rather  less  than  twice,  the  linear  expansion ; 
for,  in  fact,  the  expanded  comers  of  the  body  are  carried  out  to  the  full 
square  fi^;ure,  and  have  not  the  entering  an^^  shown  in  the  figure,  and 
there  is,  in  this  way,  a  certain  overlapping  of  the  strata  of  expansion  at  the 
ends,  sides,  and  top. 

The  same  kind  of  demonstration  applies  to  bodies  of  any  other  than  a 
cubical  shape. 

A  hollow  body  expands  l)y  heat  to  the  same  extent  as  if  it  were  a  solid 
body  having  the  same  exterior  dimensions. 

Tbt  rate  of  expansion  of  solids  fi-om  the  freezing  point  to  the  boiling 
point  of  water,  32^  to  d  is**  F.,  is  sensibly  uniform. 

The  table,  No.  108,  gives  the  linear  expansion  of  a  number  of  metals, 
and  of  glass,  between  &t  fi'eezin^  and  boiling  points;  and  of  ice  for  one 
degree,  and  of  stones  for  various  intervals  of  temperature.  Authorities: — 
I^place  and  T.avoisier,  Smeaton,  Koy,  Troughton,  Woilaston,  Dulong  and 
Petit,  Froment,  Rennie. 

Zinc  is  the  most  expansible  of  the  metals;  it  expands  fully  one-third 
per  cent.,  or  as  much  as  '/^jtSt  part  of  its  length,  when  heated  from  32°  F. 
to  212°  F.  Iron  expands  about  one-seventh  to  one-eighth  per  cent;  and 
cast-iron  and  platinum  about  one-tenth  per  cent  The  expansion  of  metals 
proceeds  at  a  less  rate  above  the  bolting  point  than  bdow  it  Ice  expands 
at  the  rate  of  Vafi.oooth  of  its  length  for  one  degnt  Fahrenheit;  whidi,  for 
180%  would  be  V^ooth  of  its  length, — greatly  more  than  that  of  any  metal 

Expansion  or  Liquids. 

The  measurement  of  the  e.xi)ansion  of  liquids  by  the  application  of  heat 
cannot  well  be  taken  lineally;  that  is,  as  linear  expansion,  in  the  sense 
in  whidi  the  expansion  of  solids  is  observed.  For  liquids  must  be  con- 
.  tained  In  vessel^  which  only  admit  of  expansion  in  one  direction,  seeing 
that  the  liquid  is  limited  by  the  bottom  and  sides  of  the  vessel,  which 
throw  the  whole  of  the  expansion  or  enlargement  of  volume  upwards.  The 
observations  on  the  expansion  of  liquids,  therefore,  though  measured  in 
one  direction  only,  necessarily  indicate  the  cubical  expansion  or  total 
enlargement  of  volume.  But,  of  course,  it  is  easy  to  reduce  the  expansion 
of  a  hquid  for  comparison  with  the  linear  expansion  of  a  solid  by  taking 
one-third  of  the  observed  measurement 

V^en  the  temperature  of  water  at  the  fireezing  point,  32^  F.,  is  raised, 
the  water  does  not  at  first  expand,  but,  on  the  contnuy,  contracts  in  volume 
until  the  temperature  is  raised  to  $g'*,i  F.,  which  is  7.1  degrees  above  the 
freezing  point  This  b  called  "the  temperature  <^  maximum  density." 
From  this  point  water  expands  as  the  temperature  rises,  until,  at  46*^  F.,  it 
regains  its  initial  volume,  that  is,  the  volume  at  32  F.  Thence,  it  con- 
tinues to  expand  until  it  reaches  the  boiUng  point,  212°  F.,  under  one 
atmosphere.  Passing  this  point  upwards,  if  the  pressure  be  suitably 
increased,  water  continues  to  expand  with  a  rise  of  temperature. 

The  cubical  expansion  of  water  when  heated  fiK»m  32''  to  212*  F.  is 
.0466;  that  is,  the  volume  is  increased  firom  i  at  32^  F.  to  1.0466  at  213* 
F.  This  expansion  is  rather  more  than  4^  per  cent,  or  between  */„st  and 
'/aad  part  of  the  volume  at  32^   The  expansion  of  water  increases  in  a 
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Table  Na  109. — Expansion  and  Density  of  Pure  Water, 

FROM  32"*  TO  390**  F. 

(Calculated  by  means  of  Rankine's  approximate  formula. ) 


T„„y„|, 
nm. 

Cdmpaiativv 
VcW 

Conparative 
Douity. 

Density, 
or  weight  of 
t  cubic  foot. 

Weiffatof 
X  gulon. 

Fahr. 

Water  at  3a' 
1. 

Water  at  3a* 
=  I. 

Pomds. 

Pomds. 

1. 00000 

1. 00000 

62.418 

lO.OIOI 

35 

0-99993 

1.00007 

62.422 

10.0103 

39- 1 

0.99989 

1. 0001 1 

62.425 

IO.OZI3 

40 

0.99989 

1. 0001 1 

62.425 

10.01 13 

45 

0-99993 

1.00007 

63.433 

10.0103 

46 

1. 00000 

1. 00000 

62.418 

lO.OIOI 

1.00015 

0.99985 

03.409 

10.0087 

52.3 

Z.00039 

a9997i 

63.400 

10.007  2 

c  c: 

1.00018 

0.Q006 1 

62.  XQA 

10.0063 

60 

1.00074 

0.99926 

62.372 

10.0053 

62 

I.OOIOI 

0.99899 

62.355 

10.0000 

dim 

1.00119 

0.99*^1 

63.344 

9.99*^' 

70 

i.ooi6o 

0.99033 

63.313 

9.9933 

75 

1.00239 

0.99771 

62.275 

9.9871 

80 

1.00299 

0.99702 

62.232 

9.980 

«S 

1.00379 

0.99633 

63.183 

9.973 

90 

1.00459 

0.99543 

63.133 

9.964 

95 

1.00554 

0.99449 

63.074 

9.955 

100 

1.00639 

0-99365 

63.033 

9-947 

1.00739 

0.99260 

61.960 

9-937 

1 10 

I.00009 

0.991 19 

OI.OOO 

9.922 

lie 

1.00989 

0.0002 1 

61.807 

A  • ^^^^  # 

O.OI  'Z 

I30 

1.01139 

0.98874 

61.715 

9.897 

135 

I.OI339 

0.98808 

61.654 

9.887 

130 

I.OI390 

a9863o 

61.563 

9.873 

135 

IOI539 

0.90404 

61.472 

9859 

140 

I.OI690 

0.98339 

61.381 

9.844 

MS 

I.OI839 

0.98194 

61.891 

9.829 

150 

I.OI989 

0.98050 

61.201 

9.815 

155 

1. 02164 

0.97882 

61.096 

9-799 

160 

1.03340 

0.97714 

60.991 

9.781 

165 

1.02589 

0.97477 

60.843 

9-757 

170 

Z.03690 

0.97380 

60.783 

9.748 

'75 

1.02906 

0.97193 

60.665 

9.728 

180 

1.03100 

0.97006 

60.548 

9.7 1 1 

185 

1.03300 

0.96828 

60.430 

1  9.69* 

Freezing  point 
Pointofmaxmiiimdeiisity. 


I  Same  volume  and  density 
\  a^B  at  the  freedng  point 


{ 


Weight  taken  for  ordi- 
nary calculations. 


Mean  temperature. 


I  Temperature  of  conden- 
\  ser  water. 
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HJiAT. 
Table  No.  109  {cotUinued), 
(Calcalated  by  means  of  Rankine^s  approximate  fonnula.) 


Tempera- 
ture. 

Comparative 

Comparative 
Deioaiiy. 

Density, 
or  weight  of 
I  cubic  foot. 

Weiffbt  of 
ifulon. 

Palir. 

Water  at  3a* 

Water  at  33* 

Poumb. 

Poundt. 

190 
200 

to5 

1.03500 
1.03700 
1.03889 
IJO414 

0.96632 
0.96440 
0.96256 
0.9602 

60.314 
60.198 
60.081 

59*93 

9.672 
9-654 

9-635 
^611 

210 
212 

1.0434 
1.0444 

0.9584 

0-9575 

59.82 

59.76 

9.594 
9.584 

212 

1.0466 

0-9555 

59-64 

9.565 

230 

250 
270 
290 

1.0529 
1.0628 
T.0727 
1.0838 

0.9499 

0.941 1 

0-93-3 
0.9227 

59.36 

58.75 
58.18 

57-59 

9.520 
9.422 

9-33 1 
9.236 

298 

1.0899 

0-9175 

57.27 

9.185 

338 

I.II18 

0.8994 

^004 

366 

I.I301 

0.8850 

55-39 

8.867 

390 

1. 1444 

0.8738 

54.54 

8.747 

Remarkable  Tenventurea. 


BoiHng  point;  by  formula. 
I  Boiling  point;  by  direct 
( measurement 


(  Temperature  of  steam  of 
I  50  lbs.  effective  pres- 
(  sure  per  square  inch. 
I  Temperature  of  steam  of 

<  100  Ibfi.  efiiective  pres- 
(  sure  per  square  inch. 

(  Temperature  of  steam  of 

<  150  lbs.  eftective  pres- 
(   sure  per  sfjuare  inch. 

(  Temperature  of  steam  of 

<  205  lbs.  effective  pres- 
(  sure  per  square  imih. 


greater  ratio  than  ihe  temperature.  The  annexed  table  No.  109  shows 
approximately  the  cubical  expansion,  comparative  density,  and  comparative 
volume  of  water  for  temperatures  between  32*"  and  212*  F.,  calculated  by 
means  of  an  approximate  formnla  constructed  by  Professor  Rankine  as 
follows: — 

D.  nearly  =    (  O 

^   461  500 

500     /  +  46r 

in  which  D,  62.425  ll)s.  i)er  cubic  foot,  the  maximum  density  of  water, 
and  D,  -  its  density  at  a  given  temperature  /  F. 

Rule. — To  find  approximately  the  density  of  water  at  a  givefi  temperature^ 
the  maximum  density  being  62.425  U>s.  per  cubic  fiat.  To  the  given  tempera* 
ture  in  Fahrenheit  d^ees,  add  461,  and  divide  the  sum  by  500.  Affain, 
divide  500  by  that  sum.  Add  together  the  two  quotients,  and  divide 
124.85  by  the  sum.   The  final  quotient  is  the  density  nearly. 
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The  results  given  hy  this  rule  are  very  nearly  exact  for  the  lower  tempera- 
tures, but  for  the  higher  temperatures  they  are  too  great.  For  212'^  F.  the 
density  of  water  by  tthe  rule  is  59.76  lbs.  per  cubic  foot,  but  it  is  actually 
only  59.64  lbs.,  showing  an  error  of  about  V;ooth  part  in  excess. 

From  the  table  it  appears  that  the  density  of  water  at  46^  F.,  or  about 
8°  C,  is  the  same  as  at  die  freezing  point,  32''  F.,  and  that  the  temperature 
of  maximum  density,  39°.!  F.,  or  4**  C,  lies  midway  between  those  tempera- 
tures. The  expansion  of  water  towards  and  down  to  the  freezing  point  is 
'/jpooth  part  of  the  volume  at  the  temperature  of  maximum  density.  It 
would  appear  that  in  thus  expanding  from  39°.!  F.  downwards,  the  particles 
of  water  enter  on  a  preparatory  stage  of  separation,  anticipating  the  still 
further  separation  which  ensues  on  the  conversion  of  water  into  the  solid 
state;  for  ice  is  considerably  lighter  than  water  and  floats  on  it,  and  its 
density  is  little  more  than  nine-tenths  that  of  water. 

In  passing  upwards  Irom  the  freezing  point  towards  higher  temperatures, 
the  increase  of  volume  of  water  by  eaqMmsion,  in  parts  of  the  volume  at 
the  freezing  point,  is  as  follows : — 

Expansion  in 


parts  uf  the  voluan 
at  3a*  F. 

at  52\3  F.  corresponding  to  the  weight  per  cubic  foot 

(62.4  lbs. )  OBually  taken  for  ordinary  calcu-     per  cent 

lations   .03 

at  6a^     the  mean  temperature  10 

at  100^      the  temperature  of  condenser  water.  64 

at  212**       the  boiling  point   4.66 

at  298®      the  temperature  of  steam  of  50  lbs.  effective 

pressure  per  square  inch   9.0 

at  338°      the  temperature  of  steam  of  100  lbs.  etVective 

pressure  per  square  inch   11.2 

at  366**     the  temperature  of  steam  of  1 50  lbs.  effective 

pressure  per  square  inch   13.0 

at  390^     the  temperature  of  steam  of  205  lbs.  tfkctxvt 

pressure  per  square  inch   14.4 


The  expanded  volume  of  some  liquids  from  32^  to  212^  F.  is  given  in 
table  No.  no;  that  is,  the  a|^Hurent  expansion  as  seen  through  glass.  It 
is  shown  that  alcohol  and  mtric  add  are  the  most  expansible,  and  water 
and  mercury  the  least;  the  former  e:q)and  one-ninth  of  their  initial  volimie, 
and  of  the  latter,  water,  aS  already  stated,  expands  ^/^.^d  part,  and  mercury 
'/65th  part  of  their  initial  volumes  respectively.  Observations  on  the 
absolute  expansion  of  mercury  are  added,  and  they  show  that  whereas  the 
a{)parent  expansion  in  glass  is  764^  P«^»  ^^^^J  expansion  is  V  jjth  part 
of  the  initial  volume. 

No  other  liquid  besides  water  has  a  point  of  maximum  density;  that  is, 
a  point  higher  than  the  freezing  point  cn  the  liquid. 
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^Expansion  oi;  Liquids  by  Heat,  from  32**  to  212*  F. 

Apparent  ExptuiQa,  in  Glais. 


Liquid. 


Alcohol  

Nitric  Acid  

Olive  Oil  

Linseed  Oil  *  < 

Turpentine  ;  ,  

Sulphuric  Ether  

Hydrochloric  Acid  (density  1.137) 

Sulphuric  Acid  (density  1.850)  

Water  saturated  with  Siea  Salt  

Water  

Mercury  


Volume  at  ata*  F. 

Expamtion  io 
Vulgar  Fraction.. 

volume  at  3a*  P,st. 

«0lllM«3.'P.a>l. 

1. 1x00 

'U 

I.IIOO 

'% 

1.0800 

'/fa 

1.0800 

1.0700 

1.0700 

1.0600 

1.0600 

1.0500 

'ir 

X.0466 

''r 

I.OI54 

•/«5 

Abtdlnle  Eicpaniion  of  Meicujr. 

,  Volume  at  Expan- 

aia'  F.  sion. 

Mercuy,  from  js*  to  siS*  F.  (      to  lOGl*  C),  Dalongand  Petit,  1.0180180  tf^^ 

Do.    from  212*  to  393*"  F.  (loO*  to  20O*  C),  da        1.0184331  ^1^.9$ 

Do.    from  392*  to  572'  F.  (20o«  to  300*  C),  do.         1.0188679  1/53 

Da    from  32*  to  213**  F.  <  o"  to  loof*  C),       Rq;n«ilt,     1.0181530  1/55.11 


Expansion  op  Gases  by  Heat. 

Gases  are  divisible  into  two  classes — permanent  gases  and  vapours. 
Gases  for  which  great  pressure  and  extremely  low  temperatures  are  neces- 
sary to  reduce  them  to  the  liquid  form,  are  called  pcrmannit  gases,  and 
those  which  exist  in  the  fluid  state  under  ordinary  temperatures,  are  called 
vapours. 

The  influence  of  heat  in  expanding  a  permanent  gas  maintained  under  a 
constant  pressure,  is  such  that,  for  equal  increments  of  temperature,  Uie 
increments  of  volume  by  e3n>ansion  are  also  equal  or  veiy  nearly  equal;  in 
other  words,  the  gas  expands  unifonnly,  or  very  nearly  uniformly,  in  pro- 
portion to  the  rise  of  temperature. 

Again,  it  has  been  obser\*ed  that  when  the  volume  of  permanent  gases  is 
maintained  constant,  the  ])ressure  increases  uniformly,  or  nearly  uniformly, 
with  an  increase  of  temperature. 

A  perfect  or  ideal  gas  is  one  which,  under  a  constant  pressure,  expands 
with  perfect  uniformity  in  proportion  to  die  rise  of  temperature;  and  of  which, 
also,  when  confined  to  a  constant  volume,  the  pressure  increases  with  per- 
fect uniformity  in  proportion  to  the  rise  of  temperature. 

When  the  temperature  of  atmospheric  air  is  raised  firom  33^  to  a  13®  R, 
the  following  are  the  total  increments  of  volume  or  of  pressure,  according 
to  the  treatment,  as  determined  by  Regnault,  when  the  volume  at  33°  is 
taken  as  i : — 
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An.  TfeMniATURB.  iManMnrr. 

Pressure  constant  32*  to  212°  F  Volume  increased  from  i  to  1.3670. 

Volume  constant  32*^  to  213''  F..... Pressure  increased  from  i  to  1.3665. 

Showing  that  the  increase  of  pressure,  .3665,  with  a  constant  volume,  is 
sensibly  the  same  as,  though  less  than,  the  expansion  or  increase  of  volume^ 

.3670,  when  the  pressure  is  constant 

The  table  No.  1 1 1  gives  the  expansion  and  the  increase  of  pressure,  for 
several  gases,  when  raised  from  32°  to  212''  F.: — 


TabieNa  ixi. — ^Expansion  and  Pressure  of  Gases  raised  from 

32*  to  212*  F. 

(Regnault.) 


Gaus. 

Ej^aaapn  f>f  Gaics  under  x  Atmoqihera. 

Increase  of  Pressure 
of  Gaiet  under  a  Com. 
lant  VoluoM. 

Final  Volume  at  aia*  F. 

! 

Expansion  at  313*  F., 
in  Common  Fractions.  ^ 

Final  Pressure  at  aia*. 

Iirftiil  mlaiM  at  3s*bi. 
1.3670 
X.3661 

1.3669 

I.3710 
1-3719 
i-3«77 
1.3903 

Iidlial  vehime  at  ss'ati. 

V..73 

Va.73 

'A.  7a 

'A.60 

IiiidalptMnireat  38*^1. 
1.3665 
1.3667 
1.3668 
1.3667 
1.3688 
1.3676 
1.3829 

1.3843 

Table  No.  112. — Expansion  of  Gases  raised  from  32°  to  212°  F., 
UNDER  Different  Pressures,  these  Pressures  remaining  Con- 
stant FOR  £acu  Observation. 


Gas. 

Pressure. 

Voltune  at  aia*. 

Air 

Ifittiflietvei. 
760 
2525 
2620 

1.00 

3-3» 
3-45 

Volume  at  ja*  P.  s  t. 
1.36706 
1.36944 
1.36964 

Hydrogen 

760 
2545 

I.OO 

3-35 

1. 36613 
I.36616 

Carbonic  Acid 

760 
2520 

1. 00 

332 

1.37099 
1-38455 

Sulphurous  Acid 

760 
980 

i.oo 
1.16 

1.3903 
1.3980 
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The  first  part  of  the  table,  No.  iii,  on  the  expansion  of  gases  by  heat, 
shows  that  the  expansion,  which  is  a  little  more  than  a  third  of  the  initial 
volume,  is  nearly  the  same  for  air,  hydrogen,  and  carbonic  oxide,  which  are 
sensibly  perfect  gases,  and  have  never  heen  li(|uefied.  On  the  contrary, 
caxbonic  acid,  cyanogen,  and  sulphurous  acid  iiave  a  greater  enlargement  of 
volume  than  those  gases,  and  they  are  gases  which  may  easily  be  liquefied. 

The  second  part  of  the  table,  cohimn  4»  shows  that»  when  the  vohune 
is  constant,  the  pressure  is  increased  nearly  in  the  same  proportion  as  the 
volume  is  increased,  when  the  pressure  is  constant  This  nearness  of  the 
proportions  is  particularly  close  in  the  cases  of  the  three  sensibly  perfect 
gases, — air,  hydrogen,  and  carbonic  oxide. 

The  next  table,  No.  112,  contains  the  results  of  Regnault's  experiments 
on  the  expansion  of  gases  from  32'  to  212'^  F.,  under  various  constant 
pressures  of  from  i  to  3^2  atmospheres.  It  is  shown  that  the  expansions  of 
air  and  of  hydrogen  are  sensibly  the  same,  whether  the  constant  pressure  be 
I  atmosphere  or  between  3  and  4  atmospheres ;  whilst  the  expansions  of 
caibonic  acid  and  sulphurous  acid  are  higher  at  the  higher  pressure. 

The  deductions  of  Regnault,  fiom  his  experiments,  comprised  the 
following  principles : — 

That  for  air,  and  all  other  gases  except  hydrogen,  the  coefficient  of 
dilatation,  or  the  im  rement  of  expansion  for  one  degree  rise  of  temperature, 
increases  to  some  extent  with  their  density. 

That  all  gases  possess  the  same  coellicient  of  dilatation  when  in  a  state 
of  extreme  tenuity ;  but  that  this  law  is  departed  from  as  gases  become 
dense. 

Adopting,  nevertheless,  the  mean  of  the  results  of  the  experiments  of  M. 

Regnault  and  of  M.  Rudberg,  the  expansion  of  one  volume  of  air  measured 

at  32°  F.,  when  heated  to  212°  F.,  under  a  constant  pressure,  will,  for  future 
calculation,  be  taken  as  equal  to  0.365  ;  the  ratio  of  the  initial  to  the 
expanded  volume  being  as  i  to  1.365.  As  the  expansion  is  uniform  with 
the  rise  of  the  temperature  through  180%  the  expansion  for  each  degree 
Fahr.  is — 

.365-5-180  =  ——, 
493-2 

the  volume  at  32^  F.  being  =  i.  The  same  uniform  rate  of  expansion  holds 
sensibly  for  temperatures  higher  than  212°;  it  has  beefi  verified  experi- 
mentally u])  to  700^'  F.,  under  one  atmosphere.  It  is  interred  that,  con- 
versely, air  would  (^ontract  unif  ormly  under  uniform  reductions  of  temperature 
below  32  1".,  until,  on  arrivuig  at  493  .2  below  the  freezing  point,  or 
461".  2  F.  below  zero,  the  air  would  be  reduced  to  a  state  of  collapse, 
without  elasticity.  This  point  in  the  Fahrenheit  scale  has  thus  been 
adopted  as  that  of  absolute  zero,  standing  at  the  foot  of  the  natural  scale  of 
temperature ;  and  the  temperature,  measured  from  absolute  zero,  or 
—  46 1®. 2  F.,  is  called  the  absolute  temperature. 

Accordingly,  if  a  given  weight  of  air  at  o'  F.  be  raised  in  temperature  to 
+  461''  F.,  under  a  constant  pressure,  it  is  expanded  to  twice  its  original 
volume ;  and  if  heated  from  0°  F.  to  twice  461°,  or  922°,  its  original 
volume  is  trebled. 

In  brief;  it  follows  that,  sensibly, 
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ist  The  pressure  of  air  varies  inversely  as  the  volume  when  the  tempera- 
ture is  constant 

2d.  The  pressure  varies  directly  as  the  absolute  temperature  when  the 
volume  is  constant 
3d.  The  volume  varies  as  the  absolute  temperature  when  the  pressure  is 

constant. 

4th.  The  product  of  the  pressure  and  volume  is  proportional  to  the 

absolute  temperature. 
The  absolute  zero-point  by  different  thermomeuical  scales  is  as  follows : — 


To  simplify  calculation,  the  decimal  k  usually  drqpped  fiom  the  Fahrenheit 
temperature,  which  is  taken  as  -  4Sf*, 

The  foregoing  laws  do  not  apply  exactly  to  the  expansion  and  contraction 
of  the  more  easily  condensable  gases,  for  these,  as  they  approach  the  point 

of  liquefaction,  become  sensibly  more  compressible  than  air.  Oxygen, 
nitroiien.  hydrogen,  nitric  oxide,  and  carbonic  oxide  follow  the  same  ratio  of 
compression  as  that  of  air,  being  incondensal)k-  ijascs.  at  least  as  far  as  100 
atmosjjheres  of  pressure.  Sulphurous  acid,  amnioniacai  gas,  carljonic  acid, 
and  proto.\ide  of  nitrogen,  which  have  been  proved,  on  the  contrary,  to  be 
condensable,  become  sensibly  more  compressible  than  air  when  tiiey  are 
reduced  to  one-thhxi  or  one-fourth  of  their  original  volume  at  atmospheric 
pressure.  Carbonic  acid,  under  five  atmospheres,  occupies  only  97  per 
cent  of  the  volume  which  air  occupies  under  the  same  pressure ;  and  under 
forty  atmospheres,  near  the  condensing:  point,  it  occupies  only  74  per  cent, 
or  barely  three  fourths  of  the  volume  of  air  at  the  same  pressure.  It  has, 
nevertheless,  l>ceii  esial)lished  that  all  gases,  at  some  di.stance  from  the 
point  of  maximum  density  for  the  pressure,  beyond  which  point  they  must 
condense,  sensibly  follow  the  first  law  above  recited,  according  to  which  the 
|nessure  and  the  density  vary  directly  as  each  other,  when  the  temperature 
is  constant   M^th  such  limitations,  they  rank  as  perfect  gases. 

The  table  No.  1 1 3  contains  examples  of  the  progressive  pressures  required 
to  compress  air,  nitrogen,  carbonic  add,  and  hydrogen,  into  one  tv^'entieth 
of  their  original  volumes,  founded  on  experiments  made  by  M.  Regnault 
The  pressures  are  exj)ressed  in  metres  of  mercur)%  the  pressure  n(  a  column 
of  mercury  one  metre  high  being  equal  to  19.34  lbs.  per  square  inch.  The 
table  shows  that  hydrogen  is  the  most  perfect  t)'pe  of  gaseity.  When 
compressed  to  a  twentieth  of  its  original  volume,  it  supports  something 
more  than  twenty  times  the  original  pressure.  Air,  on  the  contrary,  requires 
a  quarter  of  a  metre  less  than  30  metres  of  pressure;  nitrogen  requires  a 
fifUi  of  a  metre  less ;  and  carbonic  add,  like  an  overioaded  spring,  $}( 
metres  less. 


Reaumur . . 
Centigrade 
Fahrenheit, 


-274° 
-461' a 
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Table  No.  113. — Compression  of  Gases  by  Pressure  under  a 

Constant  Temperature. 


original  volume 
to  ttie  reduced 
volume. 

Pressure  in  Metres  of  Mercury  for 

Air 

MIT. 

Metres. 

Metres. 

Metres. 

Mctrrs, 

I 

1. 000 

1. 000 

1. 000 

1. 000 

2 

T  nnR 

*7  r%r\  T 
^  •  1 

4 

3-987 

3-992 

3-897 

4.007 

6 

5-970 

5.980 

5-743 

6.018 

8 

7.946 

7.964 

7-519 

8.034 

10 

9.916 

9.944 

.  9.936 

10.056 

la 

11.882 

II. 919 

ia863 

13.084 

14 

13-845 

13.891 

12.430 

14.119 

16 

15.804 

15.860 

13.926 

16. 162 

18 

17-763 

17.825 

15-351 

18.2 1 1 

20 

19.720 

19.789 

16.705 

20.269 

Nott. — 20  metres  of  mercury  are  equal  to  a  pressure  of  386.8  lbs.  per  square  inch,  or 
36.3  atmosphereSi 

Relations  of  the  Pressure^  Volume,  and  Temperature  of  Air 

AND  OTHER  GaSBS. 

In  accordance  with  the  relations  of  pressure,  volume,  and  temperature 
above  stated,  it  is  found  that  air  and  other  perfect  gases,  and,  within 
pfactical  limits,  the  permanent  gases  geneiaUy,  are  expanded  by  heat  at  the 
rate  of  V461  of  their  volume  at  o^  F.  for  each  d^gfte  of  temperature, 
under  a  constant  pressure.  If  the  volume  at  the  freezing  point,  32^  F.,  be 
taken  as  the  point  of  departure,  the  denominator  of  the  fraction  is 
(461° +  32°  =  )  493°,  and  the  expansion  is  at  the  rate  of  part  of  the 
volume  at  32°  F.  for  each  degree  of  temperature.  In  general,  for  any 
other  initial  temperature  the  denominator  of  the  fraction  showing  the  rate 
of  expansion  for  each  degree  is  found  by  adding  461°  to  the  initial  tempera- 
ture. But,  for  convenience  of  calculation,  the  initial  temperatiu'e  is  usually 
taken  at  o"*  F. 

Similarly,  the  pressure  of  air  having  a  given  constant  volume,  is  increased 
by  heat  at  the  rate  of  */^t  psat  of  the  pressure  at  o®  F. 

The  fraction  of  expansion  when,  the  pressure  is  constant,  and  the  fraction 
of  pressure  when  the  volume  is  constant,  for  each  degree  of  temperature  by 
Fahrenheit's  scale  above  0%  is,  then, 

I 

46i' 

and  the  same  fraction  expresses  the  rate  of  contraction  of  volume  for  each 
degree  of  temperature  below  o**  F. 

A  number  of  proportions  and  rules  for  the  relations  of  the  pressure, 
volume,  and  temperature  of  a  constant  weight  of  a  gas  are  readily  deduced 
from  the  above  defined  ratios. 


uiyiii^uu  by  GoOglc 


PR£SSUR£,  £TC,  OF  AIR  AND  OTHER  GASES. 


347 


I.  When  the  pressure  is  constant,  the  volume  varies  as  the  absolute 
temperature ;  or, 

V  :  V  :  :  ^  +  461  :  /'  +  461,  and 


V'  =  V?Jt4i;  (i) 


in  which  V  is  the  volume  of  the  air  or  other  gas  at  the  temperature  /,  and 
V'  is  the  volume  at  the  temperature  /'.    Whence  the  rule — ■ 

Rule  i.  To  find  the  volume  of  a  constant  weight  of  air  or  other  permanent 
gas,  at  any  .other  tempaatuie,  when  tlie  volume  at  a  given  temperature 
is  known,  the  pressure  being  constant  Multiply  the  given  volume  by  the 
new  absolute  temperature,  and  divide  by  the  given  a&lute  temperature. 
The  quotient  is  the  new  volume. 

Note. — The  absolute  temperature  is  found  by  adding  461**  to  the 
temperature  indicated  by  the  Fahrenheit  thermometer. 

h&  a  common  case  of  the  above  rule,  air  may  be  taken  at  the  mean 
temperature,  62°  F.  The  increased  volume,  by  expansion  by  heat,  taking 
the  initial  volume  =  i|  is  found  by  substittttion  and  reduction  to  be  as 
fbUows: — 

V'Jj^   (a) 

RvLB  3.  7^  find  the  inenased  vtdume  of  a  amstani  weighi  of  air,  of 
which  the  initiid  volume —i,  taken  at  63^  F.,  heated  under  a  constant 
pressure,  to  a  given  temperature.  To  the  given  temperature  add  461,  and 
divide  the  sum  by  523.  The  quotient  is  the  increased  volume  by  expan- 
sion. 

2.  When  the  temperature  of  a  constant  weight  of  air,  or  other  gas,  is 
constant,  the  volume  varies  inversely  as  the  pressure ;  or, 

V  :  V  and 

V'  =  VJ,;  (3) 

in  iHiich  V  and  V  are  the  volumes  respectively  at  the  pressures  /  and  ff» 

Rule  3.  To  find  the  volume  of  a  constant  weight  of  air  or  other  permanent 
gas,  for  any  pressure,  when  the  volume  at  a  given  pressure  is  knowTi, 
the  temperature  remaining  constant.  Multiply  the  given  volume  by  the 
given  pressure,  and  divide  by  the  new  pressure.  The  quotient  is  the  new 
volume. 

3.  When  the  pressure  and  temperature  of  a  constant  weight  of  air  or 
other  gas  both  change,  the  volume  varies  in  the  compound  ratio  of  the 
absolute  temperature  direcdy,  and  the  pressure  inversely;  or, 

V  :  V  ::/(/+46i):/(/'  +  46i)j 
or  V'/(/  +  46i)  =  V/(/'  +  46i),  and 
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B.ULE  4.  Tc  fold  the  voktm  a  consimt  wei^  rfmr  wr  9tker  permanent 
gas  for  any  other  pressure  and  temperatiue,  when  the  volume  is  known 
at  a  given  pressure  and  temperature.  Multiply  the  given  volume  by  the 
given  pressure,  and  by  the  new  absolute  temperature,  and  divide  by  the 
new  pressure,  and  by  the  given  absolute  temperature..  The  quotient  is  the 
new  volume. 

4.  When  the  volume  and  temperature  of  a  constant  weight  of  air  or 
other  gas  both  change,  tlie  pressure  vanes  m  the  compound  ratio  of  the 
absolute  temperature  directly,  and  the  volume  inversely. 

/  :  /  :  :  V  (/+461)  :  V  (/'  +  461); 

or  V'/  (/  +  461)  =  V/  (Z'  +  46 1 ),  and 

.      vy  +  461)  (J 

Rule  5.  To  fitid  the  pressure  of  a  cotistant  weight  of  air  or  ottter  permanent 
gas  for  any  other  volume  and  temperature,  when  the  pressure  is  known  for 
a  given  voinme  and  temperature.  Multiply  the  given  piessure  by  the 
given  volume,  and  by  the  new  absolute  temperature,  and  divide  hj  the 
new  volume,  and  by  the  given  absolute  tempoature.  The  quotient  is  the 
new  pressure. 

For  the  common  case,  when  the  initial  temperature  is  62°  F.,  and  the 
initial  pressure  is  14.7  lbs.  per  square  inch,  the  formula  (5)  becomes,  by 
substitution  and  reduction, 

Rule  6.  To  find  the  pressure  of  a  constant  wciglit  of  air  or  other  gas  taken 
ai  F.,  and  at  14.7  dr.  pressure  per  square  mdk,  mlSb.  a  given  volume,  for 
any  other  volume  and  temperature.  Multiply  the  initial  volume  by  the 
final  temperature  plus  461,  and  divide  the  product  by  the  final  volume, 
and  by  35.58.    The  quotient  is  the  new  pressure  in  lbs.  per  square  inch. 

AVTien  the  volume  Is  constant,  with  an  initial  temjoerature  of  62^  F.,  and 
an  initial  ])ressure  of  14.7  lbs.  per  square  inch,  the  above  formula  (6)  is 
simplitied  thus : — 

/=?jti*i  (7) 

'  35.58 

Rule  7.  To  find  the  pressure  of  a  constant  iveii^^ht  of  air  or  other  ^^as  taken 
at  62"  F.,  and  a/  14.7  /ds.  pressure  per  square  inch^  with  a  conblant  volume, 
for  a  given  temperature.  Add  461  to  the  given  temperature,  and  divide 
the  sum  by  35.5S.   The  quotient  is  the  pressure  in  lbs.  per  square  inch. 

5.  The  mutual  relations  of  presstire,  volume,  and  temperature  are  con- 
densed in  the  following  formula : — 

V/*/  +  46i,   {a) 

the  product  of  the  volume  and  pressure  of  a  constant  weight  of  air  being 
proportional  to  the  absolute  tem])erature.  And,  as  that  product  bears 
always  the  same  ratio  to  the  absolute  temperature,  an  equation  may  be. 
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formed  between  them  by  miiltTplyTng  the  absolute  temperature  by  a 
coefficient,  which  may  be  put  =  a.  Then — 

V/=4i  (/+461);  (d) 

that  is,  the  product  of  the  volume  and  pressure  of  a  constant  weight  of  air 

or  other  permanent  gas,  is  equal  to  the  absolute  temperature  multiplied  by 
a  constant  coefdcient,  which  is  to  be  determined  for  each  gas  according  to 
its  density. 

S/>aiaJ  Rules  for  One  Pound  We^JU  of  a  Gas. 

The  application  of  formula  (b)  to  a  particular  constant  weight  of  gas,  will 
suffice  for  many  purposes.  Let  the  constant  weight  be  one  jjound  of  gas. 
To  settle  the  coefficients  for  the  different  gases,  take,  for  example,  the 
temperature  32°  F.,  giving  an  absolute  temperature  of  493°,  and  the  j)ressure 
one  atmosphere,  or  14.7  lbs.  per  square  inch.  The  volume  of  one  pound 
of  air  at  tins  temperatiire  and  this  pessore  is  as  befcae  stated,  12.387  cubic 
feet   Substitute  these  values  for  V,  /,/,  in  the  formula  (^),  then — 

12.387  X  14.7  =  fl  X  493, 
whence  the  coefficient,  a,  for  air  is — 

«  =  . 3^935*  or  — 

2.7074 

and  the  formula  {b)  becomes,  for  air, 

V/='-i^;  (c) 

^      2.7074  ^  ' 


Table  No.  ri4. — Of  Coefptcients  or  Constants,  rt^,  in  the  Equation 
{p)  FOR  THE  Relations  of  the  Volume,  Pressure,  axND  Tem- 
perature OF  Gases;  namely,  V  /  =  a  (/  +  461). 


Name  of  gas. 

Volume  of  one  pound  of 
gas,  at  32  F,,  under 
QfM  al II M IMMllltlti 

Value  of  coefficient  a. 

cubic  feet. 

178.83 

5.33200, 

or 

/  0.1875 

19-913 

o-59372» 

or 

V1.6842 

12.723 

0.37937* 

or 

Va.6359 

11.580 

0.37506, 

or 

7*.«66a 

12.387 

0.36935, 

or 

Va.7074 

Oxygen  

11.205 

0.33406, 

or 

0.24322, 

or 

'/4-"i4 

8.  loi 

0.24155, 

or 

1/ 
'  4  »399 

4.777 

0.14246, 

or 

'/7.019s 

1.776 

0.05296, 

or 

V  18.878 

*  The  densities  are  oraipiited  by  Rankine  for  the  ideal  oonditloii  of  perfect  gas. 
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that  is  to  say,  the  volume  of  one  pound  of  air,  multiplied  by  the  pressure 
p€r  square  inch,  is  equal  to  the  absolute  temperature  divided  by  the 
constant  a. 7074. 

To  adapt  Uie  formula  (i)  for  other  gases,  the  respective  coefficients,  or 
constants,  are  found  in  the  same  manner,  in  terms  of  the  volume  of  one 
pound  of  each  gas,  at  32^  F.,  under  one  atmosj^ere  of  14.7  lbs.  per  square 

inch.    They  are  given  in  table  No.  114. 

6.  The  volume  of  one  pound  of  air  at  any  pressure  and  any  temperature 
is  deduced  as  follows : — 

V=^^^    (8) 

2.7074/  ^  ' 

Rule  8. — To  find  the  wbtme  of  one  pound  of  air,  of  a  given  temperaiurt 
and  pressure.  Divide  the  absolute  temperature  by  the  pressure  in  lbs.  per 
square  inch,  and  by  2.7074.    The  quotient  is  the  volume  in  cubic  feet. 

For  the  ordinary  case  when  the  pressure  is  constant  at  14.7  lbs.  per 
square  inch,  the  formula  (8)  becomes,  by  substituting  and  reducing, 

v=lp5r  (9) 

Rule  9. — To  find  the  volume  of  one  pound  of  air  under  14.7  lbs.  pressure 
per  sqmre  meh^  ai  a  given  temperature.  Add  461  to  the  temperature,  and 
divide  the  sum  by  39.80.  The  quotient  is  the  volume  in  cubic  feet 

7.  The  pressure  of  one  pound  of  air  of  any  volume,  and  at  any  tempera- 
ture, is  found  as  follows: — 

^^Tjo74y  

Rule  10. — To  find  the  pressure  of  one  pound  of  air,  of  a  given  temperature 
and  volume.  Divide  the  absolute  temperature  by  the  volume  and  by  2.7074. 
The  quotient  is  the  pressure  in  lbs.  per  square  inch. 

8.  The  temperature  of  one  pound  eii  my  volume  and  pressure  is 
found  as  follows: — 

/-a.7074  V/-461    (ii) 

RuLB  1 1. — To  find  the  temperature  of  one  pound  of  air,  of  a  given  volume 

and  pressure.  Multiply  the  volume  by  the  pressure  in  pounds  \)Qr  square 
inch,  and  also  by  2.7074;  subtract  461  from  the  product  The  remainder 
is  the  temperature. 

9.  The  density  of  air  is  inversely  as  the  volume,  and  is  expressed  by  an 
inversion  of  the  formula  (S),  for  the  volume ;  thus,  putting  D  for  the  density, 
or  the  weij^t  In  pounds  of  one  cubic  foot  of  air— 

Rule  i  2. — Jb  find  the  density  of  air,  at  a  given  temperature  and  pressure, 

Multii)ly  the  pressure  in  pounds  per  square  inch  by  2.7074,  and  divide 
by  the  al)solute  temperature.  The  quotient  is  the  density,  or  weight  in 
pounds  of  one  cubic  foot 
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Table  No.  115. — Volume,  Density,  and  Pkessure  or  Air  at  various 

Temperatures. 


f 

Tcmpcntttfe. 

f 

Volume  of  one  pound  of  atr  at 
constant  atmospheric  pressure, 

14  7  lbs.  per  square  inch. 
^a/MM— Volume  at  63°  F.  s  i. 

Density,  or  weight  | 
of  one  cubic  foot  of 
air  at  attn  ispheric 
jireature. 

Pressure  of  .t  given  wcit;ht  of  air 

having  a  cuiistant  volume. 
I}»him  Atmospheric  wfimmi  at 
(n'¥.  =  u 

0° 
32 

AO 
62 

cnMefeet 

"•583 
12.387 

19.586 

19.840 

13. 141 

comp.irative 
volume. 

.881 

•943 
•  .958 
.977 

I.OOO 

pouAds. 

.086331 

.080728 

.079439 
.077884 
.076097 

pounds  per 
iquare  inch. 

12.96 

13.86 

14.08 

14.36 

14.70 

comparative  | 
pressure. 

.881 

.943 
.958 

-977 

I.OOO 

70 
80 

100 

lao 

13342 

13593 

13-845 
14.096 

14.59a 

I.0I5 
1.034 
1.054 
1.073 

I.IZI 

.074950 

.073565 

0  ^  'J r\ 
.072230 

.070949 

.068500 

14.92 
15.31 

15.49 

1577 
16.33 

1. 015 

1.034 

1.054 
1.073 

X.III 

140 
160 
180 
300 
8IO 

15.603 

16.106 
16.606 
16.860 

I.I49 
I.I87 

1.226 
1.264 

1.283 

.066221 
.064088 

.060210 
.059313 

16.89 

17.50 
18.03 
18.58 
18.86 

I.I49 
X.I87 
1.996 
1.964 

1.983 

912 
899 

340 
250 

16.910 
Z7.III 

17.362 
17.612 
17.865 

1.987 
1.309 
X.59Z 

1.340 

I.3S9 

-05913s 
.058442 

.056774 
.055975 

18.92 
19.14 

19.49 

19.70 

19.98 

1.987 
1.309 
1.39 1 

1.340 

1-359 

860 

270 
280 
290 
300 

18.I16 

18.367 
18.621 
18.870 
19.121 

"•379 
1.398 
1.417 
1.436 

1-455 

.055200 
.054444 

-0537 »o 

.052994 
.052297 

90.97 

«o.55 

20.83 

21. 1 1 
21.39 

1.379 

1-398 
1.417 

1.436 
i-455 

320 

340 
160 

380 

400 

19.624 

20.126 
20.030 
21. 131 
21.634 

1-493 
1532 

I-570 
1.608 
1.646 

.050959 
.049686 

•047323 
.046223 

91.95 
23.51 

23.08 
23.64 
24.20 

1-493 
1.532 

^.570 

1.608 

1.646 

425 
450 

475 
500 

525 

22.262 
22.890 

23-  518 
24.146 

24-  775 

1.694 
1.742 
1.789 

1837 
1.885 

.044920 
.043686 
.042520 
.041414 
.040364 

24.90 
25.61 
26.31 
27.01 
27.71 

1.694 
1.742 

1.789 

1.837 
1.885 

550 

575 
1  600 

25-403 
26.031 

26.659 

1-933 

1. 98 1 

2.029 

•039365 
.038415 

.037510 

1  28.42 
29.12 
1  29.82 

1-933 
1. 981 

2.029 
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Table  No.  115  (cotiiinued). 


1 

Tempenttare. 

Volume  of  one  pound  of  air  at 
constant  ntmosphcric  presstire, 

14.7  lbs.  per  square  inch. 
Datwm  Vohieie  at  te*  P.  b  s. 

Density,  or  weight 
of  one  cubic  foot  of 
air  at  atmospheric 

Pressure  of  a  given  weight  of  air 

haviax  a  const.int  vc)Iume. 
Z^oAMiv^Atinosphcric  pressure  at 
F.  —  I. 

Fuutiiliettt 

cubic  feet. 

comoarative 

pounds. 

poiipda  pcf 
iquare  inch. 

comparative 
pveuufs. 

650 

91  A  V  C 
37.915 

.035833 

9.12^ 

700 

zy,  1  y  z 

.034280 

30.428 

2.3^5 

.032005 

34-04 

2-315 

800 

31.685 

2.41 1 

.oti c6i 

.  35-44 

2.41 1 

850 

32-941 

2.507 

.030358 

36.85 

3.507 

900 

34.197 

2.602 

.029242 

38.25 

2.602 

950 

35-453 

2.698 

.028206 

39.66 

2.698 

1000 

36.710 

2.793 

.027241 

41.06 

2.793 

49.274 

3-749 

.020395 

55." 

3.749 

2000 

61.836 

4705 

.016172 

69.17 

4-705 

2500 

74.400 

5.661 

.013441 

83.22 

5.661 

3000 

86.962 

6.618 

.01 1499 

97.28 

6.618 

Note  to  Rules  8,  10,  11,  12. — The  coefticients  or  constants  for  other  gases, 
in  the  apphcation  of  the  preceding  five  formulas  and  rules,  are  given  in 
table  No.  114. 

The  table  No.  115  contains  the  volume,  den  sit  \,  and  pressure  of  air  at 
various  temperatures  from  o'^to  3000°  F.,  starting  from  62""  F.  an^  14.7  lbs. 

per  square  inch  respectively  :is  unity  for  the  pro]iortional  volumes  and  pres- 
sures. The  second  column  of  the  table,  containing  the  vohmies  of  one  pound 
of  air  at  diUerent  temperatures,  was  calculated  by  means  of  the  formula  (9), 
page  350.  The  third  column,  of  comparative  volumes,  the  volume  at  62° 
F.  being  =  i,  was  calculated  by  means  of  formula  (2),  page  347.  The  fourth 
column,  of  densit)r,  contains  the  reciprocals  of  the  volumes  in  column  3, 
but  it  is  calculable  independently  by  means  of  formula  ( 1 2),  page  350.  The 
fifth  column,  of  pressures,  due  to  the  temperatures,  \\'as  calculated  by  means 
of  formula  ( 7 ),  p.  348.  The  sixth  column  contains  these  pressures  expressed 
comparatively,  the  atmospheric  pressure,  14.7  lbs.  per  square  inch,  being 
taken  as  i. 

SPECIFIC  HEAT. 

The  specific  heat  of  a  body  signifies  its  capacity  for  heat,  or  the  quantity 
of  heat  required  to  raise  the  temperature  of  the  body  one  degree  Fahrenheit, 
compared  with  that  required  to  raise  the  temperature  of  a  quantity  of 
water  of  ecjual  weight  one  degree.  The  British  unit  of  heat  is  that  which 
is  required  to  raise  the  temperature  of  one  pound  of  water  one  degree,  from 
32°  F.  to  33°  F.;  and  the  si)ecific  heat  of  any  other  body  is  e\i)ressed  by 
the  quantity  of  heat,  in  units,  necessary  to  raise  the  temperature  of  one 
pound  weight  of  such  body  one  degree. 

The  specific  beat  of  water  at  33^  F.  is  represented  by  i,  or  unity,  and 
there  are  very  few  bodies  of  which  the  specific  heat  equals  or  exceeds  that 
of  water.  Specific  heats  are,  therefore,  almost  universally  expressible  by 
fractions  of  a  unit 
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It  is  necessary  to  fix  a  standard  of  temperature,  such  as  the  freezing 
point,  for  the  datum  of  specific  heat,  as  the  specific  heat  of  water  is  not 
cxacily  the  same  at  different  parts  of  the  scale  of  temperatures,  but  increases 
in  an  appreciable  degree,  as  well  as  in  an  increasing  ratio,  as  the  tempera- 
due  nses.  For  tempemtures  not  hi|^  than  80^  or  90°  F.,  tlie  ^uanti^  of 
heat  required  to  raise  the  temperature  of  water  one  degree  is  sensibly 
constant ;  at  86**  F.,  it  is  not  above  one-fifth  per  cent,  in  excess  of  that  at 
the  freezing-point.  At  212^  F.,  it  is  about  per  cent  in  excess  of  that 
at  32'  F.  Above  212*'  F.,  it  increases  more  rapidly;  at  302°,  it  is  per 
cent,  more  than  at  32**,  and  at  402%  it  is  4}<  per  cent.  more. 

The  average  specific  heat  of  water  beti;\'een  the  freezing  and  the  boiling 
points  is  1.005,  one-half  per  cent,  more  than  the  specific  heat  at  the 
freezing  point 

It  follows  fipom  the  increasing  specific  heat  of  water,  as  the  temperature 
uses,  that  the  consumption  of  heat  in  raising  the  temperature  is  slightly 
greater  expressed  in  units  than  in  degrees  of  temperature.  To  raise,  for 
example,  one  pound  of  water  from  0°  to  100''  C,  or  from  32*  to  212®  F., 
there  are  required  100.5  ^-  units,  or  180.9  F.  units,  of  heat. 

The  si)ecific  heats  of  water  in  the  solid,  liquid,  and  gaseous  state  are 
grouped  as  follows : — 

Ice   0.504 

Water   i.ooo 

Gaseous  steam  (under  constant  pressure) ....  0.475 

diowing  that  in  the  solid  state,  as  ice,  the  specific  heat  of  water  is  only  half 
that  of  liquid  water;  and  that,  in  the  gaseous  state,  it  is  a  litde  less  than 
that  of  ice,  or  barely  one-half  of  that  of  liquid  water. 

The  specific  heat  of  all  liquid  and  solid  substances  is  variable,  increasing 
sensibly  as  the  temperature  rises,  and  the  specific  heats  of  such  bodies,  as 
tabulated,  are  not  to  be  taken  as  e.\act  for  all  temperatures,  but  rather  as 
approximate  average  values,  sufficiently  near  for  practical  purposes.  The 
specific  heat  of  die  same  body  is,  however,  nearty  constant 'ft>r  temperatures 
under  712^  F. 

The  specific  heats  of  such  gises,  on  the  contnuy,  as  are  perfectly  gaseous, 
or  nearly  so,  do  not  sensibly  vary  with  densily  or  with  temperature. 

For  the  same  body,  the  specific  heat  is  gieater  m  the  liquid  than  m-  the 
solid  state.   For  example : — 

Liquid.  Solid. 

Water  (specific  heat)   i.ooo  0.504 

Bromine       „  ^   o.iii  0.084 

Mercury       „    0.0333  0.0319 

M.  Regnauk  has  veiified,  by  numerous  experiments,  the  conclusion 
arrived  at  by  previous  experimentalists,  that,  for  metals,  the  specific  heats 
are  in  the  inverse  ratio  of  their  chemical  equivalents.  Consequently  the 
products  of  the  specific  heats  of  metals,  by  their  respective  chemical 
equivalents,  are  a  constant  quantity.  The  same  rule  holds  good  for  otlier 
groups  of  bodies  of  the  same  composition,  and  of  similar  chemical  constitu> 
tion.  The  specific  heat  of  alloys  is  sensibly  equal  to  the  mean  of  dioae  of 
alloyed  metals. 

The  following  are  the  specific  heats  of  water  for  various  tempaa- 
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turos  from  to  230°  C,  or  32°  to  446°  F.,  by  the  air-thermometer,  calculated 
by  means  of  Regnault's  formula : — 

1 4-0.00004/ +0.0000009/^;  (i) 

in  which  ^  is  the  specific  heat  of  water  at  any  tempeiatuie  /,  the  specific 
heat  at  the  fireeztng  point  beings  .1. 


Table  No.  116.— Specific  Heat  of  Water. 


TMspcratima 

Units  of  }{cat  required  to  raise 
the  temperature  of  i  pound  of 
water  firon  tha  freobf  point  10 
the  given  MoipenuM 

1 

i  Specific  Heat  at 

the  ^i\'rri 
temperature. 

Heat  between 

the  frcc/uig  point 
and  the  given 
t£  m  DC  rat  u  rc 

Centigrade. 

Fahrenheit. 

(JeiiU  units. 

r  3Mt,  units. 

Freexing  pointsi. 

0 

33 

0.000 

A  AAA 
0.000 

I.OOOO 

10 

50 

10.002 

*  0  AA  A 
I  0.004 

1.0005 

I.0003 

00 

ATA 

30.010 

I.OOI3 

X.OOO5 

^0 

86 

30.036 

C4.047 

V  AA4A 

I.0030 

V  AAAA 
1.0009 

40 

104 

40.051 

73.090 

V  AA9A 
1.0030 

1. 001 3 

5^ 

W  A  A 

133 

^             ^  W  0m 

50.007 

90.157 

1.0043 

I.O017 

00 

140 

00.137 

IO0.347 

1.0056 

1.0033 

70 

158 

70.210 

136.378 

1.0073 

1.0030 

80 

176 

80.282 

144.508 

T     ^^^^  K  A 

I.OO09 

9  ^^^^ f 

1-0035 

90 

194 

90.381 

162.686 

1.0109 

1.0042 

100 

313 

100.500 

180.900 

I.OI3O 

1.0050 

no 

230 

1 10.641 

199.153 

t  ooeS 

120 

248 

120.806 

217.449 

1.0177 

1.0067 

130 

266 

130.997 

235-791 

1.0204 

1.0076 

140 

284 

I4I.2I5 

254.187 

1.0232 

1.0087 

150 

30a 

151-462 

373.638 

1.0363 

1.0097 

160 

320 

161. 741 

291.132 

1.0294 

I.OIO9 

170 

j  172.052 

309.690 

1.0328 

I.OI2I 

180 

356 

182.398 

328.320 

1.0364 

I.OI33 

190 

374 

192.779 

347.004 

1. 040 1 

I.OI46 

200 

392 

203.200 

365.760 

1.0440 

I.OI60 

210 

410 

213.660 

384.588 

1. 0481 

I.OI74 

220 

428 

224.162 

403.488 

1.0524 

1. 0189 

230 

446 

234.708 

422.478 

1.0568 

1.0204 

The  SpECinc  Heat  op  Air  and  other  Gases. 

The  specific  heat,  or  capacity  for  heat,  of  permanent  gases  is  sensibly 
constant  for  all  temperatures,  and  for  all  densities.  That  is  to  say,  the 
capacity  for  heat  of  each  gas  is  the  same  for  each  degree  of  temperature. 
For  air,  M.  Regnault  proved  that  the  capacity  for  heat  was  imuoim  for 
temperatures  varying  from  -  30**  C.  to  +  225* C  (-33'  to  437*  F.);  thus 
the  specific  heat  for  equal  weights  of  air,  at  constant  pressure,  were  as 
follows: — 
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Air  between  -30°  and  +  10°  C... 
Da  10**  and  +  100^  C 
Do         ioo''and  +  225°C. 


Specific  heat,  0.2377 
Da  0.2379 
Do.  0.2376 


-Average 


0.2377 


The  temperature  is  then  without  any  sensible  influence  on  the  specific 
heat  of  air;  ndther  has  the  pressure,  so  &r  as  it  has  been  subjected  to 
experiment — from  one  to  ten  atmospheres — ^any  influence  on  the  magni- 
tude of  the  specific  heat. 

The  specific  heat  of  gases  is  to  be  observed  from  two  points  of  view: — 
1st,  When  the  pressure  remains  the  same,  and  the  gas  exj)ands  by  heat. 
2d,  WTien  the  volume  remains  the  same,  and  the  pressure  increases  with 
the  temperature.  There  is  a  striking  difference  in  the  specific  heat,  or 
capacitjr  for  heat,  according  as  it  is  measured  under  an  increasmg  volume, 
or  an  mcreasing  pressure.  When  the  temperature  is  raised  one  degree, 
under  constant  pressure,  with  increasing  volume^  the  gas  not  only  becomes 
hotter  to  the  same  extent  as  when  the  volume  remains  the  same  and  the 
pressure  alone  is  increased,  but  it  also  expands  V493^  P^^^  volume 
at  32'  F.,  and  thus  absorbs  an  additional  quantity  of  heat  in  proportion  to 
the  work  done  by  expansion  against  the  pressure.  It  follows  that  the 
specific  heat  of  a  gas  at  constant  pressure  is  greater  than  that  of  the  same 
gas  under  a  constant  volume ;  and  though  the  former  alone  has  been  made 
3ie  subject  of  direct  experiment,  the  latter  being  of  a  difficult  nature  for 
experimenters,  yet  the  latter,  which  is  properly  the  specific  heat,  is  easily 
dedudble  from  the  former  on  the  jninciple  of  the  mechanical  Aeory  of 
heat 

When  the  volume  of  a  gas  is  enlarged  by  expansion  against  pressure,  the 
work  thus  done  in  expanding  the  gas  may  be  expressed  in  foot-pounds  by 
multiplying  the  enlargement  of  volume  in  cubic  feet  by  the  resistance  to 
expansion  in  pounds  per  square  foot  Having  thus  found  tlie  work  done 
in  foot-pounds,  it  may  be  divided  by  Joule's  equivalent,  772,  and  the 
quotient  will  be  the  expression  of  that  work  in  units  of  heat  It  becomes 
latent,  or  insensible  to  the  thermometer,  and  is  called  the  latent  heat  of 
expansion.  It  constitutes  an  expenditure  of  heat  in  addition  to  the  heat 
that  is  sensible  to  the  thermometer,  and  that  raises  the  temperature.  The 
sum  of  these  tvvo  quantities  of  heat  is  that  which  has  been  observed  in  the 
gross  by  expenmentalists,  and  which  gives  the  specific  heat  at  constant 
pressure. 

It  follows  that,  when  the  specific  heat  at  constant  pressure  is  known,  the 
^dfic  heat  at  constant  volume  may  be  arrived  at  by  subtractmg  the  pro- 

gortion  of  heat  devoted  to  the  enlaigement  of  the  volume  from  the  total 
eat  absorbed  at  constant  pressure.  The  remainder  is  the  proportion  of 
heat  necessary  and  sufficient  to  elevate  the  temperature  when  the  volume 
remains  unaltered,  from  which  the  specific  heat  at  constant  volume  is 
deduced  by  simple  proportion ;  thus — 

As  the  total  heat  absorbed  at  constant  pressure, 

Is  to  the  proportion  of  heat  absorbed  at  constant  volume. 

So  is  the  specific  heat  at  constant  pressure 

To  the  .specific  heat  at  constant  volume. 

For  example,  the  specific  heat  of  air  at  constant  pressure  and  with  in- 
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creasing  volume  has  been  observed  to  be  .2377,  that  of  water  being  u  Let 
one  ponnd  of  air  at  atmospheric  pressure,  and  at  32°  F.,  having  a  volume 
equal  to  12.3^7  cubic  feet,  be  expanded  by  heat  to  twice  its  initi  il  volume, 
the  pressure  remaining  the  same.  The  absolute  temperature,  which  is  32* 
+  461  -  493°  F.,  will  be  doubled,  and  the  indicated  temperature  will  be 
32  +  493  ^  525°  F.  Thus,  493  degrees  of  heat  are  appropriated,  and  if  the 
capacity  for  heat  of  the  air  were  the  same  as  that  of  water,  493  units  of  heat 
would  be  expended  in  the  process  of  doubling  the  volume.  But,  as  tlie 
specific  heat  is  only  .2377,  or  less  than  a  fourth  of  that  of  water,  the  expen- 
diture of  heat  is  just  493  x  .2377  =  117.18  units,  and  this  quanti^  comprises 
the  firaction  of  heat  consumed  in  dbpladng  the  atmosphere  and  overcoming 
its  resistance  through  a  space  ci  12.387  cubic  feet  additional  to  the  original 
or  initial  volume  of  the  same  amount  Now,  the  work  thus  done  is  equal 
to- 
la. 387  cubic  feet  X  9ir6.4  lbs.  pressure  per  sq.  ibots  a6,aT6  fbot-pounds^ 

and  (iividing  this  by  772,  Joule's  equivalent,  the  work  of  enlarging  or  doub- 
ling the  volume  is  found  to  be  equivalent  to  33.96  units  of  heat  Deduct- 
ing these  33.96  units  from  the  gross  expenditure,  which  is  1 17.18  units, 
the  remainder,  83.22  units,  is  tlie  proportion  of  heat  required  to  raise  the 
tempemtme  through  493  degrees,  under  an  increasing  pressure  simply, 
without  increasing  the  vohime;  and  this  remainder  is  the  dfttmn  from  whidi 
the  proper  specific  heat  of  air  is  to  be  deduced. 

The  distribution  of  heat  tfans  detailed  may  be  condsely  exhibited 
tfaus>— 

Uniu. 

To  double  the  temperature  without  adding  to  the  volume....  83.22 
To  double  the  volume,  in  addition   33*96 

To  double  the  temperature  and  double  tibevolnmeat  con* 

stant  pressure   tr7.r8 

Now,  as  before  stated,  the  specific  heat  at  constant  volume  bears  the 
same  ratio  to  that  at  constant  pressure,  as  the  respective  quantities,  or  units 
of  heat,  absorbed,  do  to  each  other,  or  as  83.22  and  11 7.18;  and  it  is  found 
by  simple  proportion  to  be  .1688;  thus — 

ir7.i8  :  83.22  :  :  .2377  :  .1688. 

The  proper  specific  heat  of  air  is  then  .1688,  in  raising  the  temperature 
without  enlarging  the  volume,  and  it  bears  to  die  90<alled  specific  heat  of 
air,  at  constant  pressure  and  with  expanding  volume,  the  ratio  of  i  to 
1.408. 

Thw  mtio,  I  to  1.408,  deduced  by  means  of  the  mechanical  theory  of 
heat,  is  practically  identical  with  the  ratio  expernnentally  arrived  at  by  M. 

Masson  from  the  fall  of  temperature  of  a  quantity  of  compressed  air,  which 
was  li berated  and  allowed  to  expand  back  until  it  regained  its  initial  pres- 
sure. The  ratio  he  deduced  from  his  inverse  experiment  was  i  to  1.41; 
which  IS  the  ratio  of 
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It  sm^  be  added,  by  way  of  explanation,  and  to  enforce  the  distmctioxv, 
littt  thsni^  -die  fneanue  of  a  ^as  under  -conafamt  «Dlimie  lises  wilii  the 
tmfipmgtmg^— a  phenamoion  which  k  analogous,  at  fint  sight,  to  that 
«oIimie  of  a 'gas  at  ooofitant  pressuie  increasing  with  the  temperatuie,- 
there  is  no  expenditure  of  woiik  in  simply  raising  the  pressure  in 
case,  while  the  volume  remains  unaltered ;  whereas,  in  the  latter  case,  ihere 
is  an  expenditure  in  increasing  the  volume,  as  has  already  been  shown. 

To  generalize  the  foregoing  process,  by  which  the  specific  heat  of  air  at 
constant  volume  has  been  deduced  from  the  specific  heat  for  constant 
pressure ;  and  to  show  its  applicability  for  finding  the  specific  heat  of  all 
gases  at  constant  vohime: — 

Given  /  =  the  initial  temperatinre  of  the  gas,  in  degrees  Fahrenheit. 

„    t'  =  the  final  lemperatmc  to  which  the  gas  is  raised. 

„    Vas^e  imtial  Kolnme  nf  ihe  gas,  under  one  admosphese  nf  fw- 
suie,  in  cubic  feet 

M    V  =  the  final  vnlume  of  thetgas,  healed  amder  constant -pressure, 

„    A  =  the  specific  heat  of  the  gas  under  constant  pressure. 
Put    ^'  =  the  specific  heat  of  the  gas  imder  constant  volume. 

„   H  =  the  total  heat  expended  at  constant  pressure,  in  units  of  heat 

„   H'  =  the  total  heat  cxjiended  at  constant  volume. 

„   H"  =  the  fractional  quantity  of  heat  expended  in  increasing  the 
volume,  at  constant  pressure ;  or  the  latent  heat  of  expansion. 

To  .find  the  value  of  A';  then  by  proportioi^ 
T^owir  =  H-H*^ 

And  ^ »  and,  by  substxtution» 


-1'=^^^*  (-) 


Again,  H  =  {t -t)xh. 
And  H'  =  (V-v)  X  i4.j:x .14^-^77 2 

=  (V  -  Z')  X  2,f^, 

Substitutiiig  this  ¥alue  in  equation  {.a )  above;, 

A.  k(/i(t'-o-2.u^  (v-y)). 

«r  x>   >^  2-742  (V  -I»)  . 

Whence  the  following  jodei: — 

SimiE.  I.  To  find  fke  spedfic  heat  cf  a  gas  at  tonstant  volume^  when  the 
specific  heat  at  constant  pressure  is  given  together  with  the  initial  and  final 
temperatures  due  to  gixen  inkiai       ^ml  svolumes  under  an  atmosphere  of 
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presgQie.  If  ultiply  the  difference  of  the  initial  and  final  temperatures  by 
the  specific  heat  at  constant  pressure.  Also,  multiply  the  difference  of  the 
initial  and  final  volumes  by  2.743.  Find  Uie  difference  of  these  two  pro- 
ducts, and  divide  it  by  the  difference  of  the  temperatures.   The  quotient  is 

the  specific  heat  of  the  gas  at  constant  volume. 

Applying  the  rule  to  the  example  of  one  pound  of  air  at  atmospheric 
pressure,  and  at  32°  F.,  doubled  in  volume  by  heat;  ^=•.2377,  ^'-/=493% 
and  V  -  z/=  12.387  cubic  feet.  Then 

j^A'^ZII  ^  493)-(g>74g  X  12.387),  j^gg 

493  '  ' 

the  specific  heat  of  air  at  constant  volume,  as  aheady  found. 

The  comparative  volumes  of  other  gases  are  given  in  table  No.  69, 
page  216,  01  the  Weight  and  Specific  Gravity  of  Gms  and  Vapours. 

Trb  Spianc  Heat  of  Gases  for  Equal  Volumes. 

The  specific  heats  of  equal  volumes  of  gases  are  deducible  from  their 
specific  heats  proper, — which  are  for  equal  weights.  The  greater  the 
density,  the  less  is  the  volume,  and  the  greater  the  wei^t  of  gas  that  is 
necessary  to  equal  in  volume  a  lighter  gas;  it  is  greater,  m  fact,  in  propor- 
tion to  the  density. 

Hence  the  following  rule: — 

Rule  2.  To  find  the  specific  heat  of  a  gas  for  eqiieU  volumes  of  the  gas 
and  of  air.  Multiply  the  specific  heat  of  the  gas,  that  is,  the  specific  heat 
for  equal  weights  of  the  gas  and  air,  by  the  specific  gravity  of  the  gas.  The 

product  is  the  specific  heat  for  equal  volumes. 

Note. — -The  specific  heat  for  equal  volumes  may  be  found  for  constant 
pressure,  and  for  constant  volume,  in  terms  respectively  of  the  specific  heat 
of  equal  weights  at  constant  pressure  and  constant  volume. 

Tables  of  the  Specific  Heat  of  Solids,  Liquids,  and  Gases. 

The  annexed  table,  No.  117,  contains  the  specific  heats  of  a  number  of 
solids,  classified  for  convenience  of  reference,  into 

Metals, 
Stones, 

Precious  Stones, 

Sundry  Mineral  Substances, 

Woods. 

It  appears  from  the  tables  that  the  metals,  generally  speaking,  have  the 
least  specific  heat:  ranging  from  bismuth,  having  a  specific  heat  of  .031, 
to  iron,  which  has  a  specific  heat  of  from  .11  to  .13,  and  iridium,  which 
has  the  greatest  specific  heat,  namely,  .189. 

Stones  show  a  specific  heat  of  about  .90,  or  a  fifth  of  that  of  water. 
Precious  stones  average  less  than  that 

Of  the  sundry  mineral  substances,  glass,  sulphur,  and  phosphorus 
average  about  a  fifth  of  the  specific  heat  of  water,  and  coal  and  coke 
a  fourth. 

Woods  average  a  hail  of  the  specific  heat  of  water. 
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It  is  a  useful  practical  condusioii,  as  Dr.  Rankine  remarks,  that  the 
average  specific  heat  of  the  non-metallic  materials  and  contents  of  a  furnace, 
whetlMsr  bricks^  stones,  or  fuel,  does  not  greatly  differ  from  one-fifth  of  that 

of  water. 

Of  the  liquids  specified  in  the  table  No.  1 18,  it  ai)pears  that  all,  with  the 
exception  of  bromine,  which  has  a  sj^ecific  heat  of  i.iii,  ha\c  less  specific 
heat  than  water.  Olive  oil  has  the  lowest, — only  .31 ;  alcohol  averages  .65, 
and  vinegar,  .92. 

The  table  No.  119  of  the  specific  heat  of  gases,  contains,  in  the  second 
column,  their  specific  heat,  for  equal  weights,  at  constant  pressure,  as 
detennined  by  M.  Regnault  The  third  column  contains  the  specific  heat, 
for  equal  weights,  at  constant  volume,  calculated  by  means  of  the  Rule  i, 

above.  The  fourth  and  fifth  columns  contain  the  specific  heat  of  gases, 
for  equal  volumes,  at  constant  pressure,  and  at  constant  volume,  arrived 
at  by  means  of  the  Rule  2,  above. 

There  is  a  remarkable  nearness  to  equality  in  the  specific  heat  for  equal 
volumes  of  air,  oxygen,  hydrogen,  caibonic  oxide,  and  nitrogen.  It  may 
be  noted,  in  partictilar,  that  hydrogen,  though  it  has  fourteen  times  the 
specific  heat  of  air  for  equal  weights,  and  has  barely  a  fourteenth  of  the 
density  of  air,  has  no  more  specific  heat  than  air,  for  equal  volumes. 


Table  No.  117. — Specific  Heat  of  Souds. 
(Andiority,  RtgrnoMtt^  when  not  otharwiie  ftafced.) 


METALS,  from  33*  to  sia*  F. 

Bismuth  

Lead  

Platinum,  sheet  

Do.  spongy.  

Do.     32*  F.  to  aia"  F.  (PeHi  and Duhng) 

Do.     32*»F.  to  572**  F.  (300*0 

Do.     at   212°  F.  (  1 00*^0.)  (PtmUUt) 

Do.     at   572°  F.  (  300°  C.)   „ 

Do.     at  932°  F.  (  500"  C.)   „ 

Do.     at  1292°  F.  (  700°  C.)  

Do.     at  1832"  F.  (1000°  C.)  

Da     at  3193''  F.  (isoo*'  ZX   „ 

Gold  

Mercury,  solid  

Do.  liquid  

Do.      59"  to  68^^  F.  (15^  to  30°  C.)  

Do.      32'  to  212°  F  {J*dit  and  Dulong) 

Do.      32^  to  572°  F.  (300'' C.)  

Tungsten  

Antimony  

Da    33"*  to  3X3**  F.  {PdU and  DtUang) 

Do.    33**  to  572' F.  (300*  C.)   „ 

Tin,  English  

Da  In&m  


Waterat3a*Bi. 


.03084 
.0314 

•03243 
.03293 

•0335 
.0355 

•0335 

.03434 

.03518 

.036 

.03718 

.03818 

.03344 

.0319 

.03333 

.029 

•033 

.035 
.03636 

.05077 

.0507 

.0547 

.05695 

.05633 
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'Cadmium  

5Uver  

Do.  32°  to  212°  T  (PeiiiandDuhng) 

Do.  32°  to  572*  F.  (300*'  C)   „ 

Palladium  

Uranium   

Molybdenum  

Brass  

C^mdHdmetsU  «  «  

Copper  «  

Bo.  32**  to  21 2"  F  {Pdit  and  jDuI^) 

Do.  32'*to  572*'K(3oo*C.)   „ 

Zinc  •  

Bo.  32"  to  212"  F  (POit  attd  Dulofi^) 

Do.  32°  to  572^  F.  (300"  C,)  

Cobalt  

Do.    carburetted  ,  

Nickel  

Do.    carburetted.  «  

Wrought  iron  

Da       33'*tDzi2''F  (PttitMilktloi^) 

Do.        32°  to  392°  F.  (200°  C.)  „ 
Do.        32^  to  572"  F.  (300°  C.) 
Do.        32°  to  662°  F.  (350"  C.) 
Steel,  soft   

Da  tempered.,.. 

DOi  Haussman... 
Castdton,  white.... 
Manganese,  hig^ 

IridiDm  »  .....••.«...»...*».  •«...»«....^«..». 

STONES. 

Brickwork  and  masomy  (.AinbbjM)  about 

Marble,  gray  

Do.     white  «  

Chalk,  white  

Quicklime  

Dolomite  (Magnesian  limestone)  

PRECIOUS  STONES. 
Sapphire   

^^UTCOIX  w«  ^m»-»mm  •••••••        •  •  M  mmm 

Diamond  < 

SUNDRY  MINERAI 

Telhorium  ■ 

Iodine  ^  »  

Selenium  

Bromine  

Phosphorus,  50**  to  86""  f . .... 


9» 


.SUBSTANCES. 


Water  at  32''=:  i. 


.05669 

•0557 
.0611 

•05927 
.0619 

.07218 

.09391 

.086 

•095  li 
.094 

.1013 

.09555 
.0927 

.1015 

.10696 

.J  1 7 14 

.X0863 

.11192 

."379 
.1098 

.1218 

•1255 
.1165 

.1175 

.144JJ 
.1887 

.30 

.  20989 
.21585 
.21485 
.2169 

.21743 
.2175B 
.146817 
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Sundry  Mineral  Substances  (amiimied). 

Phosphorus,  32° -to  212°  F  


*  *  »«t»«»« •  •  « 


»  •  •  »•  •••••  •  •  •  4 


Do.  flint  

Do.  32°  to  212*  F.  (Petti  and  Dubmii 

Do.  32°  to  572"  F.  

Sulphur    

Do.  crystallized,  natural. 
Do.  cast  for  two  years.... 
Do.     cast  for  two  months 

Do.     cast  recently  

Chloride  of  kad...^..... 
J>a  xinc. 
Bo. 

i>D. 

Do. 

•Do. 
Do. 


tm  

calcium  

potassium  ... 
magnesium.. 

sodium  

PeBdiloride  of  tin  

Pntfichlovide  of  mercur) 

NidBle  of  silver  

Bo.  baiytes  

£kk     potaas  ^ 
Do.     soda .... 
Sulphate  of  lead... 
Do.  barytcs 
DjO.  potash 


^%«ft«wa>M  i 


Waterat3a"si. 


God    

Charcodl  

Coke  of  cannel  coal  

Do.   pit  coal  

Coal  and  coke,  average  (RarUHne) 

Anthracite,  Welsh  \.. 

Do.  American  

Graphite,  natural  

Do.    of  blast  fttmaces.  

Animal  black  

Sulphate  of  hme.  

Magnesia  

Soda.  

Ice  


WOODS. 


Turpentine. 
Pear  tree.... 

Oak  

Fir  


•25034 
.19768 

•19 

.177 

^ 

.20259 
.1776 
.J764 
.1803 

.06641 

••14355 

.14759 

..16420 

•17295 
.19460 

.214  to  .  230 

.viea&i 

406S69 


•Id 

•23875 
.2782a 

.08723 

.J  1285 

.J  901 

.a4i5 
.20307 

.20085 

.20 

.20172 

.201 

.20187 

•497 
.26085 
.19659 
.22159 

•23115 
.504 


.467 
.500 

.570 
.650 
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Table  Na  it8.— Sfeqfic  Heat  of  Liquids. 


99 


Mercury  

Olive  oil  (Laplaa  and  Lavoisi€r) 

Sulphuric  acid,  density  1.87  

Do.  do.  1.30  

Benzine,  59°  to  68^  F  

Ttirpentine,  

Do.      density  .872  {Despretz) 

Ether,  oxalic  

Do.,  sulphuric,  density  0.76  {Dalton) 

Do.       do.        do.   0.715  (Des^etz) 

Essence  of  juniper  ,  

Do.  lemon  

Do.  orange  

Hydrochloric  acid  

Wood  spirit,  59°  to  68'  F.  

Chloride  of  calcium,  solution  

Acetic  acid,  concentnled  

Alcohol  

Do.    density  0.793  ifiaUar^ 

Do.      do.  0.81  

Vinegar  

Water,  at  32°  F  

Do.  at  212''  F  


Water  at  32'=  x. 


99 


Do.  from  32^  to  212^  F. 
Bromine  


•0333 

.3096 

.3346 
.6614 

•3932 
.4160 

.4720 

.4554 
.6600 

.5200 

.4770 

.4879 
.48S6 

.6000 

.6009 

.6448 
.6581 
.6588 

.6220 

.7000 
.9200 
1. 0000 
1. 0130 
1.0050 

I.IIIO 
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Table  Na  119.— Specific.  Heat  of  Gases. 

Water  at  32°  F.  -  i. 


Sntcinc  Hbat  for 
Equal  WnoHts, 

Sraanc  Hbat  roR 
Equal  VoLoma. 

Gas. 

At  cooitant 

AtcoDMnt 

volume. 

AteooMMt 

ACOOMIWI 

pressure. 

(Real  speci- 

pnMura. 

vohmM. 

fic  heat.) 

water  s  i. 

walars  f. 

•s  ia  001.  a 

air  —  .1688. 
a-s  in  col.  3. 

0.1553 

0. 1 240 

o«34<'9 

0.2799 

0. 1500 

0.1430 

0.03 1 0 

0. 762 1 

0.3104 

0.1714 

0.3300 

0.2020 

0.3I02 

0.1559 

0.241* 

0.1723 

0.2377 

0.1688 

0.2377 

0.1688 

KB* 

0.2440 

0.1740 

0.2370 

0. 1690 

0.2479 

0.  I  768 

0.2399 

0. 1 7 11 

0.3694 

0.2992 

0-3572 

0.2893 

3.4046 

2.4096 

0.2356 

0.1667 

0.3754 

0.3499 

I.0II4 

.0.9427 

0.4008 

0.3781 

I.3I84 

1. 1490 

0.4513 

0.4194 

0.7I7I 

0.6553 

0.4750 

0.3700 

0.2950 

0.2262 

0.5061 

0.4915 

2.3776 

2.3090 

0.5080 

i    0.391  I 

0.2994 

0.2305 

Light  carburetted  hydrogen  

0.5929 

0.4683 

0.3277 

0.2588 

FUSIBILITY  OR  MELTING  POINTS  OF  SOLIDS. 

The  metals  are  solid  at  ordmary  temperatures,  with  the  exception  of 
mercury,  which  is  liquid  down  to  -39**  F.  Hydrogen,  it  is  believed,  is  a 
metal  in  a  gaseous  form. 

All  the  metals  are  liquid  at  temperatures  more  or  less  elevated,  and  they 
probably  vaporize  at  very  high  temperatures.  Their  melting  points  range 
from  39  decrees  below  zero  of  Fahinsnheif  8  scale,  the  mdting,  or  rather  the 
freezing,  point  of  mercury,  up  to  more  than  3000  degrees,  beyond  the 
limits  of  measurement  by  any  known  pyrometer.  Certain  of  the  mett^ 
as  potassium,  sodium,  iron,  platinum,  become  pasty  and  adhesive  at 
temperatures  much  below  their  melting  points.  Potassium  and  sodium, 
which  melt  at  temperatures  between  130°  and  200^  F.,  can  be  moulded 
like  wa.x  at  62°  F.  Two  pieces  of  iron  raised  to  a  welding  heat,  are 
softened,  and  readily  unite  under  the  hammer;  and  pieces  of  platinum 
unite  at  a  white  heat 

The  melting  points  of  alloys  do  not  follow  the  ratios  of  those  of  their 
constituent  metals,  so  that  it  is  impossible  to  infer  their  melting  points  from 
these  data.  A  remarkable  instance  of  the  absence  of  this  relation  is  afforded 
in  the  fusible  metal  consisting  of  five  parts  of  lead,  three  of  tin,  and  eight 
of  bismuth,  which  melts  at  2x2''  F.,  the  heat  of  boiling  water,  though  the 


Digitized  by  Google 


HEAT. 


melting  point,  if  it  were  an  average  of  those  of  the  component  metab, 
would  be  about  390*  T.  The -addition  Gf  biarautii  to  mixtures  of  lead  and 
tin  has  the  efiect  of  lowering  the  melting  pamts. 

According  to  Professor  Rankine,  the  melting  point  of  ice  is  lowered  by 
piessure*  «at  the  late  of  0.0000063°  F.  for  each  pound  of  pressure  on  the 

square  foot.  An  atmosphere  of  pressure  being  2 1 1 6  lbs.  per  square  foo^ 
the  lowezing  of  the  meltmg  point  per  atmosphere  of  pressure,  is — 

0^0000063  X  «f  16  =  0^0x33  Fahrenheit 

To  lower  the  melting  point  one  degree,  a  pressure  of  75  atmospheres  would 

be  required. 

In  the  case  of  water,  antimony,  and  cast  iron,  and  probably  other  sub- 
stances, the  bulk  of  the  substanoe  in  the  solid  state  exdeeds  itbtt  iin  flie 
liquid  state,  as  is  evidenced  b^  ihe  floating  of  ice  on  wtta,  and  af  aolid 
ironnn  molten  u-on.  Ttm  volioneJDf  water  is  to  .that  of  ice  at  •$M^  ¥^:n 
I  to  1.068 ;  that  is  to  say,  that  water,  in  freezing  at  $2^*  K,  expands  aearly 
9  "ppr  cent. 

'i  he  following  table,  No.  i2q,  contains  the  meitiDg  points  o£  inHtaJc^ 
metallic,  alloys,  and  odicr  substances : — 


Table  No.  laa— Melting  Points  of  Solids. 


L 


VARIOUS  SUBSTANCES  iPouilL't.  Clnwiel,  Bic."^ 


Sulphurous  add.   ~« . . «  

C^aibcuuc  add*  . . . «»« •».« .  •*  ■«•.«•••«.•.•>■•■>••.••■ 

Bromine   

Turpentine  

Hyponitric  add  

N  itro-glycerine  

Tallow...    „  

Ehosphoms  

Acetic  add   


Spermaceti...... 

Ma^^gadc  add. 


I*  •••••k«pMi«  mm  • 


Wasn,  rough  

„  bleached 
Stearic  jucid.  .... 

Iodine  

Su^hur  .««.. 


>•  «■»  •  •  * « 


Melting  Poikts. 


- 148°  Y, 
-108 

14 
16 

45 
92 

112 

10^  to  IID 

to  X4» 

143 

'54 

1^58 
^25 
«39 
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Table  Na  120  (etnUnmd). 


METALS. 


Mercun'  

Rubidium  

Potassium  

Sodna  ^  

lithhim  

Tin....  

Cadmium  

Bismuth  

Thallium  

Lead  

Zinc  

Antimony  

Bronze  

Aluminium  

Calcium  

saver  

Copper  

Gold,  standard  

Gold  

Cast  Iron,  white  

„      „  gray^.  

„     „    with  manganese... 

Steel  •*->••  

Wrought  Iron,  French  

Hammered  Iron,  English  

Malleable  Iron  

C(-)balt  

Nickel  

Manganese.....  .«.....« 

Palladinm  

Molytxlenum  

Tungsten  

CThromium  

Platinum  

Rhodium  

Iridium  

Vanadium  

Ruthenium  , 

Osmium  


IteLTiNO  Points. 


Pomllct,  Ckttdel. 


Fahrenheit  dtgn*$, 
-Jf 

+  136 

194 

608 
680 
810 
169a 


(very  pure)  185^ 

2156 
(very  pure)  2282 
1922  to  2012 

80I3 
3X93 
3382 

3.373  to  3553 

3732 
391.3 


WiboB. 


Fahicnkeit  degHMS. 

lOl" 

144 
308 

443 

442 

507 

561 

617 

773 
1150 

full  red  heat 
full  red  heat 

1873 
1996 

3016 

3786 


Fusible  in  highest 
t  heat  of  forge. 

Not  fusible  in  forge 
fire,  but  soften  and 
agglomerate. 


Only  fusible  before 
the  oi^hydrogen 
blow<i)ipe. 
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Table  Na  xao  (mUimud). 


ALLOYS  OP  LEAD,  TIN,  AND  BISMUTH. 

Mbltinc  Points. 

Uoltzapffel. 

CSmmIbL 

No.  I 

I 

1  in. 

Lead  

m  m 

>t 

TO 

C  I 

1 

T 
X 

>} 

c 

D 

C  I  I 

A 

4" 

I 
I 

»> 

3 

I 

M 

a 

6. 

X 

ft 

I 

466* 

tt 

I 

11 A 

8. 

2 

n 

X 

o 

3 

II 

1 

167 

lO. 

4 

») 

I 

365 

372 

II, 

5 

» 

I 

378 

381 

12. 

6 

»» 

I 

381 

13- 

3^0 

14. 

3 

i> 

3 

310 

15. 

8 

» 

3 

398 

16. 

I 

>» 

I 

254 

17. 

2 

If 

I 

236 

18. 

3 

»» 

5 

»   8  „   

202 

SUNDRY  ALLOYS  OF  TIN,  LEAD,  AND  BISMUTH. 

Melting  Ponm. 

3  Leadi 

3  Tin, 

5 

199* 

I  II 

I 

II 

3 

30I 

I 

»» 

4 

201 

5  » 

3 

II 

8 

 Ure 

212 

3 

»» 

5 

 C/audc/ 

212 

4 

f> 

5 

246 

I 

»» 

I 

286 

I  » 

3 

fi 

334 

3 

II 

I 

334 

2 

j  Holtzapffel 

360 

I  » 

)} 

 \  Oaudd 

3»S 

3 

II 

I 

392 

3  M 

55a 

ALLOYS  FOR  FUSIBLE  PLUGS. 

Softens  at 

MelU  at 

365^  F. 

37a 

377>^ 
395>4 

37a*  F. 

383 
388 

406  to  4x0 
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Latent  Heat  of  Fusion  of  Solid  Bodies. 

\Vhen  a  solid  body  is  exposed  to  heat,  and  ultimately  passes  into  the 
liquid  state  under  the  influence  of  the  heat,  the  temperature  of  the  body 
rises  until  it  attains  the  point  of  fusion,  or  melting  point.  The  temperature 
of  the  body  remains  stationary  at  this  point  until  the  whole  of  it  is  melted; 
and  die  heat  meantiine  absoibed,  without  affecting  the  temperature^  is  said 
to  become  latent,  as  it  is  not  sensible  to  the  thermometer.  It  is,  in  fact, 
theUUmt  keai  of  fusion,  or  the  latent  heat  of  liquidity,  and  its  function  is  to 
separate  the  particles  of  the  body,  hitherto  solid,  and  change  their  condition 
into  that  of  a  liquid.  When,  on  the  contracy,  the  liquid  is  sohdified,  the 
latent  heat  is  disengaged. 

M.  Person  gave  the  following  law  as  the  result  of  his  experiments  on  the 
latent  heat  of  fusion  of  non-raetallic  substances : — Let  c  be  the  specific  heat 
of  the  substance  in  the  solid  state,  and  /  its  specific  heat  in  the  hquid  state; 
/  the  temperature  of  fusion,  or  melting  point,  by  Fahrenheit's  scale,  and  / 
the  latent  heat  Then  the  latent  heat  of  fiision  of  one  pound,  in  British 
thennal  units,  is 

/=/-^(/+a56-)   (1) 

RuuL — Tb  find  ike  iaUni  htat  of  fusion  of  a  nan-mdalSg  stthtattfe. 
Subtract  the  specific  heat  of  the  substance  in  the  solid  state  from  its 
specific  heat  in  the  liquid  state,  and  multiply  the  remainder  by  the  tempera- 
ture of  fusion  or  melting  point  by  the  Fahrenheit  scale,  plus  356.  The 
product  is  the  huent  heat  of  fusion  in  heat-units. 


Table  Na  iax.-^LATKMT  Heat  of  Fusion  op  Solid  Bodus. 


^  *m 

1  Hfltf. 

Latent  Heat 

MdtiagPbiBt 

ID  heat-units, 
of  1  pouad. 

liquid. 

32"  F. 

1. 0000 

.5040 

143.6 

83 

•5550 

•3450 

73 

97 

.7467 

•4077 

120 

112 

.2045 

.1788 

9 

120 

148 

Wax  

142 

175 

239 

.2340 

.3036 

59» 

.4130 

.3783 

"3 

643 

.3319 

.3388 

«5 

442 

442 

507 
617 

773 
1873 

.0637 
.0642 

•0363 
.0402 

.0562 
.0567 
.0308 

.0314 
.0956 
.0570 

25.6 
!  25.6 
1  22.7 
i  9.86 

50.6 

1  37.9 

1 
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ExAMPLE. — To  find  tiie  laient  heat  of  fusion,  of  ice,  the  specific  heat  of 
ice,  ^  =  a5o4,  and  thatof  water  ^=  I ;  /- 32*  F.  Then 

the  latent  heat  -  (i  - 0.504)  (32°  +  256)  =0.496  x  288  -  142.86 
Do.,  by  M.  Person's  experiment.^  «   =  142.65 

DifiCMIlflft.  .»»..«.  0,2L 

showing  t&at  the  latent  heat  of  fusion  of  one  pound  of  ice  is  142.86  unitai 

The  table  No.  12  x  contains  the  Iktent  heat  of  fusion  of  several  metals 
and  other  bo(fies,  according  to  M.  Person.  On  an  inspection  of  the  table, 
it  appears  generally  that  the  latent  heat  of  fusion  of  non-metallic  bodies  is 
greater  for  those  which  have  the  lower  meltint;  f)oints,  and  that,  for  metals, 
the  }>roportion  lies  rather  the  other  way.  Tlie  greatest  latent  heat  of  fusion 
belongs  to  wax,  which  has  175  units  per  pound,  and  the  least  to  phos- 
phorus and  lead,  which  have  only  9  and  9.86  units  respectively  per  pound 
weight 

BOILING  POINTS  OF  LIQUIDS 

When  a  cold  liquid,  contained  in  a  vessel  open  to  the  air,  is  subjected  to 
heat,  the  temperature  of  the  liquid'  is  raised,  and  a  quantity  of  vaponr  is 
emitted  from  the  surfiice  of  the  fiuid,  tf^e  pressure  of  which  gradually 
increases  until  it  becomes  equal  to  the  pressure  of  die  atmosphere.  When 
this  pressure  is  reached,  the  aggregation  of  the  vapour  becomes  visible  ia 
the  interior  of  the  liquid,  and  the  vapour  rises  to  the  surface  and  escapes. 
This  is  cbullUum^  or  tTaporation^  or  laporization.  When  the  liquid  has 
attained  to  the  state  of  ebullition,  the  temperature  ceases  to  rise,  and 
remains  stationary,  and  it  so  remains  until  the  whole  of  the  liquid  is  e\  apo- 
lated.  This  phenomenon  of  stationary  temperature  is  analogous  to  that 
which  attends  the  iurion  of  solids  into  liquids. 

The  pioper  boiling  point  of  water,  under  one  atmosphere  of  pressure,  is 
100  '  C,  or  212°  F.  It  is  afiiected  to  some  extent  by  the  nature  of  the  vessel 
which  contains  it  and  the  presence  of  other  objects  in  the  vessel.  In  a 
glass  retort,  for  example,  water  boils  with  jolts  and  small  explosions,  and 
the  temperature  of  the  water  at  which  ebullition  takes  place  is  from  two 
to  three  degrees  higher  than  when  it  is  evaporated  in  an  iron  vessel. 
Sulphuric  acid  beliaves  similarly  under  ebullition,  and  the  explosions  are  as 
much  more  violent  as  the  liquid  has  gieat«r  cohesiveness,  and  as  it  acts 
chemically  upon  the  matter  of  the  vessel  in  which  it  boils.  A  few  pieces  of 
metal  thrown  into  the  glass  vessel  airest  the  explosive  ebuUidon,  and  the 
temperature  of  the  liquid  falls  to  the  same  level  as  in  the  metallic  vessd. 

The  boiling  point  of  li<iuids  is  not  ahered  by  the  presence  of  fonsign 
bodies  mechanically  in  mLxtuje  wiiii  tlieni,  such  as  sand,  sulphate  of  lime, 
and  carbonate  of  lime.  But  it  is  always  greater  when  matters  are  present 
in  chemical  combination  with  the  Uquids.  All  the  soluble  salts  have  this 
effect  when  dissolved  in  water;  but,  on  the  contrary,  it  has  been  proved 
experimentally, — 

That  the  vapour  produced  at  the  sui&ce  of  sah'ne  solutions  is  the  steam 
of  pure  water. 

And  that  at  atmospheric  pressure  the  temperature  of  the  steam  formed 
is  invariably  212''  F.,  whatever  be  the  nature  of  the  dissolved  salt,  or  of  the 
vessel  containing  the  solution.    It  furtlier  appears  that  at  higher  pressures 
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Table  Na  m. — Boiuno  Points  op  Liquids  mmuL  One  Atmosphere 

OF  Pressure. 


Sulphuric  ether  

Sulphuret  of  carbon 

Ammonia  

Chloroform  

Bromine   

Wood  spirit  

Alcohol  

Benzine  

Water  

Avenge  sea-water ... 

Saturated  brine  

Nitric  acid  ,  

Oil  of  turpentine .... 

Phosphorus  

Sulphur  

Sulphuric  acid  

Linseed  oil  

Meicury  


Fahrenheit. 


100' 
1 18.4 
140 
140 

I  76 

2X3 

213.3 

326 

348 

554 

570 

590 

597 
648 


Table  No.  123. — ^Boiuno  Points  op  Saturated  Solutions  of  Salts 

UNDER  One  Atmosphere. 


Name  op  Salt. 


Chlorate  of  potash  ..........m.  

Chloride  of  barium  

Carbonate  of  soda  

Phosphate  of  soda  

Chloride  of  potassium  

Chloride  of  sodium  (common  salt)... 

HydrocUomte  of  ammonia  

Neutral  tartrate  of  potash  

Nitrate  of  potash  

Chloride  of  strontium  

Nitrate  of  soda  

Acetate  of  soda   

Carbonate  of  potash  

Nitrate  of  lime  

Acetate  of  potash  

Chloride  of  calcium  

Nitrate  of  ammonia  


BOIUMG  POIMT. 


Fahrenheit 

percent 

219^6 

61.5 

104.4 

220.0 

60.1 

104.6 

220.3 

48.5 

105-5 

222.0 

II3.2 

108.3 

1  227.0 

59-4 

X08.4 

227.2 

41.3 

II4.3 

337.6 

88.9 

114.67 

396.3 

"5-9 

240.6 

335- 1 

117.9 

244.2 

II7-5 

121. 0 

250.0 

224.8 

124-37 

255-8 

209.0 

135-0 

275.0 

205.0 

151.0 

304.0 

362.2 

169.0 

336.0 

798.2 

179-5 

355-1 

325-0 

180.0 

356.0 

unlimited. 

Quantity  €f  tall 

which  saturates  loo 
parti  of  water. 


24 


Digitized  by  Google 


370  HEAT. 

the  temperatures  of  steam  fonned  from  sea-water  are  the  same  as  those  of 

steam  generated  from  fresh-water  under  equal  pressures. 

Table  No.  122  contains  the  boiling  points  of  li(|uuls  under  one  atmos- 
phere of  pressure.  It  shows  that  the  boiling  points  vary  from  100°  F.  for 
sulphuric  ether  to  648^  F.  for  mercur\'.  Linseed  oil  boils  at  597°  F.,  and 
the  great  elevation  of  this  temperature,  as  representing  more  or  less  approxi- 
mately the  boiling  points  of  oils  and  fats  generally,  explains  the  capacity  of 
tiiese  substances  when  heated  for  cooking  meat  immensed  in  them. 

It  is  shown  that  sea-water  boils  at  21  $^,2  F.  under  one  atmosphere,  and 
that  saturated  brine  does  not  boil  until  the  temperature  rises  to  226^  F. 
The  boiling  point  of  sea-water  is  raised  in  proportion  to  its  concentration 
as  brine. 

Table  No.  123  contains  the  boiling  points  of  saturated  solutions  of 
various  salts  in  water,  under  one  atmosphere,  according  to  the  experiments 
of  M.  Legrand.  They  vary  from  220^  to  356''  F.  They  present  a  striking 
diversity,  even  among  salts  having  the  same  base. 

BoiuNG  Points  of  Liquids  at  various  Pressures. 

The  boiling  pK>ints  of  liquids  rise  as  the  pressure  increases  under  which 
they  are  evaporated,  and  they  contrast  strikingly  in  this  respect  with  the 
melting  points  of  solids,  whicJi  are  practically  constant  under  all  pressures. 
It  hu  already  been  stated  that,  to  lower  the  melting  point  of  ice  only  one 
degree  Fahrenheit,  75  atmospheres  of  pressure  were  required.  On  the 
contrary  the  boiling  point  of  water  is  raised  75  degrees  by  ^n  augmentation 
of  less  than  three  atmospheres  above  the  atmospheric  pressure. 

Table  No.  124  contains  a  comparative  statement  of  the  pressures  of  the 
vapours  of  water  and  other  liquids,  at  temperatures  varj'ing  from  0°  C,  or 
32*  F.,  to  222^  C,  or  432°  F. — ^in  fact,  their  boiling  points  for  various  pres- 
sures— the  results  of  experiments  by  Regnault 

The  table  No.  134  shows  a  great  diversity  of  pressure  of  saturated 
vapours  for  given  temperatures.  At  the  temperature  of  a  12*  F.,  for  example, 
at  which  water  boils  under  one  atmosphere  of  pressure ;  in  other  words, 
at  which  the  pressure  of  the  vapour  of  boiling  water  is  14.7  lbs.  per  square 
inch,  the  pressures  of  the  saturated  vapours  of  the  several  liquids  are  as 
follows 

per  square  indu 

Vapour  of  water  at  212°  F  pressure,  14.7  lbs. 

Do.     alcohol      „    „      32.6  lbs. 

Da     ether        „    95.17  lbs. 

Da     chloroform  „    „     45.54  lbs. 

Da     turpentine    ,»       3.61  lbs. 

The  relations  of  the  vapour  of  water  or  steam  are  fully  considered  in  a 
subsequent  section. 

Latent  Heat  and  Total  Heat  op  Evaporation  op  Liquids. 

Liquids,  in  the  course  of  l)eing  transfonned  into  vapour  on  the  applica- 
tion of  heat,  absorb  a  certain  (juantity  of  heat  which  rcniains  latent  in  the 
r'apour,  and  is,  on  the  contrary,  restored  to  sensibility,  and  communicated  to 
other  bodies  when  the  vapours  are  condensed  into  liquids.   The  following 
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Table  Na  194*  "Soiling  Points  cfw  Saturated  Vapours  undef 
VARIOUS  Pressures,  or  their  corresponding  Temperaturei 
AND  Pressures. 

Jifgnau/t. 


Pressure  per  square  Inch  of  the  vapour  of  the  foUowing  liquids 

TSMPB&ATUKB. 

-  

Water. 

Bdwr. 

TurpentiDe; 

CendfTade. 

r  anrenneit. 

lbs. 

lbs. 

lbs 

lbs. 

lU. 

^0 
0 

.009 

.240 

3-53 

.041 

10 

50 

.178 

.466 

5-54 

2.52 

•045 

20 

/I  0 
00 

.337 

.851 

8.O0 

3.68 

.083 

30 

OO 

✓  

.609 

1-52 

12.32 

5-34 

•135 

40 

104 

I. 06 

«-59 

17.67 

7.04 

.217 

V  A  M 

133 

X.7O 

4.30 

^4.53 

10.14 

•333 

00 

140 

3.00 

a  mam 

0.77 

33-47 

14.27 

.520 

70 

451 

10.43 

44.67 

18.88 

.810 

00 

170 

O.OO 

15-72 

5701 

26.46 

1. 18 

90 

194 

10.16 

23.02 

75-41 

35-03 

1-74 

100 

212 

14.70 

32.00 

95- >  7 

45-54 

2,61 

1 10 

230 

20.00 

45-50 

120.9 

58.42 

3.62 

XIO 

340.0 

25.37 

137.0 

ISO 

340 

29.00 

03.05 

4.97 

130 

366 

1  3927 

03.80 

6.71 

276.8 

46.87 

^^^^ 

140 

284 

5  2- 56 

1 09. 1 

8.94 

302 

69.27 

140.4 

11.70 

3056 

73-07 

1473 

160 

320 

89.97 

147-3 

13.10 

170 

338 

"5-3 

19-13 

tSo 

356 

146.0 

23.70 

190 

374 

183.6 

29.30 

300 

39« 

336.x 

36.09 

310 

410 

377.1 

43*54 

220 

428 

336.4 

52.04 

323 

431.6 

349-3 

53*74 

BoiUNG  Points  under  One  Atmosphere. 

xst  According  to  table  No.  133. 

Water.  Alcohol. 

Solphuric  ether.       Chloroform.  Turpentine. 

313**  F.  173*^  F.  

.  100°  F.  . 

 140°  F.  3»5°  F. 

3d.  By  interpolation  in  the  above  table. 

313«                  173°  .... 

•  94* 

 I4»' 

  335* 

table,  No.  125,  gives,  on  the  authority  of  Desjiretz,  Favre  and  Silbermani 
and  Regnault,  the  latent  heat  of  evaporation  of  several  vapours  under  or 
atmosphere.  The  total  heat  of  evaporation,  reckoned  from  32°  F.,  is  adde 
in  the  last  column.     It  is  calculated  for  each  liquid  by  multiplying  i 
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boiUng  pcMot  leas  3^2%  bgr  its  qMCific  heat,  to  find  the  quantity  of  heat  m 
units  required  to  laise  it  to  tike  boiUng  point,  and  adding  this  product  to 
the  latent  heat 

Table  No.  125. — Latent  Heat  and  Total  Heat  of  Evaporation  of 

Liquids  under  One  Atmosphere. 


LfalDid. 

BdliiiK  Pdnt. 

Latent  Heat  of 
EvuponiiOB. 

Total  Heat, 
reckoned  from 

Fahrenheit. 

Units  of  heat 

Units  of  heat. 

100^ 

2  10.4 

475 

545-9 

Acetic  ether  

191 

374 

461.7 

Water  

212 

965.2 

1146.1 

297 

126 

855-3 

124 

256.6 

LIQUEFACTION  AND  SOUDIFICATION  OF  GASES. 

Professor  Faraday  succeeded  in  liquefying;  and  even  solidifying,  many 
gases,  and  it  is  probable  that  all  gases  are  susceptible  of  being  s^difiea, 
and  that  they  might  be  so  condensed  if  suflSciently  low  tempeiatuies  and 
sufficiently  strong  vessels  could  be  prodiu  ed. 

At  -  112'  P.,  and  under  a  pressure  less  than  one  atmosphere,  Faraday 
reduced  the  following  gases  to  the  liquid  or  the  solid  state: — Chlorine, 
cyanogen,  ammonia,  hydrosulphuric  acid,  arseniated  hydrogen,  hydriodic 
acid,  hydiohromic  acid,  and  caibonic  add. 

The  following  gases  were  solidified  at  the  annexed  temperatures: — 

Cyanogen   -  31**  F. 

Hydnoidic  acid   -60 

Caibonic  acid   -  72 

Oxide  of  chlorine   -  76 

Ammonia   -  X03 

Sulphurous  acid   -  105 

Suljihuretted  hydrogen   -123 

Hydrobromic  acid   -  126 

Protoxide  of  nitrogen   -  148 

The  following  gases  were  not  solidified,  even  at  a  tempemture  of 
-i66°F.:— 

defiant  gas. 
Fluosilicic  acid. 
Protophosphuretted  hydrogen. 
Fluoboric  acid 
Hydrochloric  acid 
Arseniated  hydrogen. 

The  following  gases  gave  no  sign  of  even  approaching  liquefaction,  even 
at  - 166^  F.,  and  with  many  atmospbeies  of  pressure: — 
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Hydrogfen  at  -  i66°  F.,  and  27  atmospheres. 

Oxygen   - 166  and  27  „ 

I>o.   -           »  -«4o  and  58  „ 

Nitrogen                         „  - 166  and  50  „ 

Nitric  oxide                     „  -166  and  50  „ 

Carbonic  oxide                   „  —  166  and  40  „ 

Coal  gas                         M  ~x66  and  32  „ 


The  greatest  known  degree  of  cold,  -  i66°  F.,  or  -  110°  C.,  was  pro- 
duced for  these  experiments  by  Professor  Faraday.   As  to  the  method  of 

production,  see  S<ources  of  Cold. 

According  to  the  results  of  more  recent  experiments,  hydrogen  has  been 
subjected  to  a  pressure  of  Sooo  atmospheres  without  making  any  sign  of 
condensation. 

SOURCES  OF  COLD. 

The  production  of  cold — the  abstraction  of  heat — ^is  a  curious  subject  of 
inquiry.  When  a  salt  is  dissolved  in  water,  cold  is  prochiced.  ^^^^en  a 
liquid  vaporizes,  the  heat,  latent  and  sensible,  necessar)'  for  the  production 
of  the  vapour,  is  abstracted  from  some  other  body  in  contact  with  the 
liquid,  and  cold  is  produced.  When  spirits  of  wine  or  aromatic  vinegar, 
for  example,  is  thrown  on  the  body,  a  sense  of  cold  immediately  results 
from  the  vi^rization  of  the  liquid  which  draws  heat  from  the  body.  U 
air  is  allowed  to  expand,  there  is  a  reduction  of  tempeiature,  and  a  transla- 
tion of  heat  from  neighbouring  bodies.  Again,  in  hot  c  limates,  water  is 
successfully  cooled  in  porous  vessels,  through  the  pores  of  which  the  water 
passes  to  the  exterior,  and  is  vaporized,  and  the  cooling  process  is  accele- 
rated by  a  current  of  air  directed  upon  the  vessel,  which  quickens  the 
vaporization. 

Siebe's  ice-making  machine,  invented  originally  by  Jacob  Perkins  in  1834, 
is  based  on  the  principle  of  pfoducin^  cold  by  the  evaporation  of  a  volatile 
fluid — ether  by  preference  The  fluid  is  placed  in  an  air-tight  vessel,  and 
evaporated  in  vacuo,  the  vacuum  bei^g  formed  by  means  of  a  pump,  which, 

in  its  continued  efforts  to  reduce  the  pressure,  promotes  the  c\  aporation  of 
the  fluid  at  a  low  temperature.  A  temperature  50°  beluw  the  freezing 
point  may  be  effected ;  but  in  place  of  an  unprofitably  low  temperature,  the 
cooling  action  is  distributed  through  the  mass  of  salt  water  employed  as  the 
freezing  medium,  the  salt  water  retaining  its  fluidity  below  32"  F.,  and 
circulating  in  the  refrigerator  around  and  between  the  ice-moulds,  which 
are  filled  with  fresh  water.  The  water  in  the  moulds  is  successively  frozen, 
and  leplaced  b^  fresh  moulds  filled  with  water. 

Carnfs  coolmg  apparatus  is  based  on  the  &ct  that  water,  when  cold, 
absorbs  a  large  quantity  of  ammoniacal  gas,  which,  when  the  water  is 
heated,  escapes,  and  is  condensed  in  a  cold  vessel.  On  the  contrary,  when 
the  water  just  heated  becomes  cold,  a  vacuum  is  formed,  and  excites  a 
rapid  evaporation  of  the  ammonia  into  the  vessel  of  cooled  water,  when  it 
is  again  absorbed.  The  heat  necessary  for  the  evaporation  of  the  anmionia 
is  extracted  from  the  water  surrounding  the  vessel  in  which  the  liquid 
ammonia  is  contained,  and  the  water  consequently  is  frozen. 

Frigorific  Mixtures. 

For  the  production  of  intense  cold,  mixtures  of  various  salts  and  acids  in 
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various  proportions  with  water  are  my  effective.  But  moie  mtense  degrees 

of  cold  are  produced  with  snow  or  ice. 

Table  No.  1 26  omtains  the  ordinary  mixtures  for  the  artificial  produc- 
tion of  cold,  known  as  freezing  mixtures.  The  first  part  of  the  table  com- 
prises mixtures  of  salts  and  acids  with  each  other  and  with  water;  the 
second  part,  mixtures  of  salts  and  acids  with  snow  or  ice. 

The  blanks  in  the  third  column  of  the  table  indicate  that  the  thermo- 
meter sinks  to  the  de^ees  named  in  the  second  column,  but  never  lower, 
whatever  may  be  the  mitial  temperature  of  the  materials  when  mixed. 

The  vessels  containing  the  mixtures  should  be  cooled  before  the  elements 
are  put  into  them. 

If  the  materials  of  the  mixtures  enumerated  in  the  first  part  of  the  table 
be  mixed  at  a  higher  temperature  than  that  given  in  the  table,  namely, 
50''  F.,  the  fall  of  temperature  is  greater.  Thus,  if  the  most  powerful  of  these 
mixtures,  No.  11,  be  made  at  the  temperature  80°  F.,  it  will  sink  tlie 
thermometer  to  +  2°,  making  a  fall  of  78  degrees,  as  against  71  degrees  in 
the  table. 

The  third  part  of  the  table  contains  firigorific  mixtures  partly  selected 
from  the  other  parts,  and  combined  so  as  to  extend  the  cold  to  the  extreme 
degree,  -91°  F.  The  materials  should  be  cooled  previously  to  being 
mixed  to  the  initial  temperature,  by  mixtures  taken  inm  previous  parts  of 
the  table. 

Table  No.  126. — Frigorific  Mixtures. 


FiasT  PAaT. — Proportional  mixtures  of  Salu  and  Adds  with  Water. 


Mistum. 

PtO  of  Tcoqwiatim. 

De^es 

of  cold 
produced. 

Water  16; 

firom  +  50°  to  -  3°  

from  +  50°  to  +   

Falir. 

46° 

40 
46 

53 

57 
62 

50 
47 
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•        Table  Na  126  {mnHmied). 


Fall  of  TaaqMimtttre- 

Degrees 
of  cold 
pradttcoiL 

I 

ruir. 
64 

SccoNB  Part. — Proportioral  mixtures  of  Salts  and  Adds  with  Snow  or  loe. 

Mlxtum. 

F«n  of  Timpmtim. 

Degrees 

of  rol.l 

produced. 

X2.  Muriate  of  soda  (common  salt),  i  ) 

Nitrate  of  ammonia                  5  !>  i 

30.  Crystallized  muriate  of  lime       3  ) 

FahicBhcil. 

from  any  temp,  to  —  5° 
do.      do.   to -12° 

do.     do.   to -18° 

da     da  to  -  25° 

from  +  32*  to  -  40*  

Fahr. 

59 
62 

72 

8a 

»3 
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TkUe  Ka  ij6  (ctntumal). 

Third  Part. — Mixtures  partly  selected  from  the  foregoing  series,  and  combined  so  as 
to  increase  or  extend  the  cold  to  the  greatest  extremes. 


22.  Sea  salt   5 

Muriate  of  ammonia  I 

Nitrate  of  potash  )  * ^ 
Snow,  or  pounded  ice   i 

23.  Sea  salt   5 

Nitrate  of  ammonia   5 

Snow,  or  pounded  ice  12 

24.  Phosphate  of  soda   5 

Nitrate  of  ammonia  *   3 

Dilute  nitric  acid   4 

2$,  Phosphate  of  soda   3 

Nitrate  of  ammonia   2 

Dilute  mixed  acids   4 

26.  Snow   3 

Dilute  nitric  acid   2 

27.  Snow   8 

Dilute  sulphuric  add   3 

Dilute  nitric  acid   3 

28.  Snow   1 

Dilute  sulphuric  add   1 

29.  Snow   3 

Muriate  of  lime   4 

3a  Snow   3 

Muriate  of  lime   4 

31.  Snow   2 

Muriate  of  lime   3 

32.  Snow   I 

Crystallized  muriate  of  lime.....  2 

33.  Snow   1 

Crystallized  muriate  of  lime   3 

34.  Snow   8 

Dilute  sulphuric  acid  10 


f 

I 

( 
I 

f 
I 

) 

I 
1 
f 


Fall  of  TmpmrtUK. 


from-s'to-rS*  

from  -  18°  10-25°  

from  o*to-34**  

from -34*  to -50°  

from  o*  to  -  46°  

from  - 10*  to  -  56'  

from -10**  to— 60**  

from  4-  30"  to^  4^°^**< 
from +10**  to -54**...,, 
from-i5"ix>-68\... 

from  o°to— 66°  

from  -  40"  to  -  73' .... 
from -68*  to -91*.... 


Degrees 

of  cold 
produced. 


Cold  by  Evaporation. 

M.  Gay-Lussac  directed  a  current  of  air,  dried  or  desiccated  by  being 
passed  through  chloride  of  calcium,  upon  the  bulb  of  a  thermometer 

wrapped  in  moist  cambric.  The  temperature  was  lowered  from  10°  to 
26'  F.,  according  to  the  temperature  of  the  current  of  air.  which  varied 
from  T,2°  to  77°  F.  It  is  presumed  that  the  surrounding  temperature  was 
the  same  as  that  of  the  current.  The  following  are  the  falls  of  temperature 
fisr  currents  of  air  of  given  temperatures: — 
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Temperature  of  current,  Fahrenheit,  32",    41%  50°,  59°,    68°,  77°. 
Fall  of  temperature,  do.      10°.$,  13°,  16*,  ig^s,  23*,  a6*.5. 

The  most  intense  cold  as  yet  kno\\Ti  was  produced  by  Professor  Faraday 
in  the  course  of  his  experiments  on  the  liquefaction  and  solidification  of 
gases,  from  the  evaporation  of  a  mixture  of  solid  carbonic  acid  and 
sulphuric  ether  under  the  receiver  of  an  air-pump.  For  the  following  pres- 
suxes»  measured  in  inches  of  meicuiy,  and  given  also  in  pounds  per  square 
inch,  he  obtained  the  corresponding  temperatures  subjoined: — 

Inches  of  mercury         28.4,    19.4,      9.6,      7.4,     5.4,     3.4,     2.4,      1.4,  i-2. 

Lbs.  per  tqaare  inch.   14.0^    9.5,     4.6,     3.6,     2.7,     1.7,     i.a,     0.7,  0.6. 
Tfyiirtui,  Fahi;«  -107%  ~iia^»  -ui*,  -  its';  -ijff*,  -I39%  -146*,  -i6i%  -166*. 

ShowiQg  that  when  a  perfect  vacuum  was  nearly  s^^proadied,  an  intense 
coM,  measured  by- 166*  F.,  was  attained  hy  the  evaporation  of  a  mixture 
of  sdid  carbonic  add  and  sulphuric  ether. 
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When  steam  is  generated  in  a  boiler,  the  water  is  heated  till  it  arrives  at 
the  temperature  of  ebullition,  and  the  elevation  of  temperature  is  sensi]  )le  to 
the  thermometer  ;  next,  the  water  is  converted  into  steam  by  an  additional 
absorption  of  heat,  which  is  not  measured  by  the  thermometer,  and  is 
therefore  called  latent  heat.  The  heat  is  not,  in  fact,  latent,  but  is  appro- 
priated in  converting  water  into  steam,  of  the  same  temperature. 

The  pressure,  as  wdl  as  the  density,  of  steam  which  is  generated  over 
water  in  a  boiler  rises  with  the  temperature;  and,  redprocally,  the  temperar 
ture  rises  with  the  pressure  and  density.  There  is  only  one  pressure  and 
one  density  for  each  temperature;  and  thus  it  is  that  steam,  produced  in  a 
boiler  over  water,  is  always  generated  at  the  maximum  densit>'  and  maxi- 
mum pressure  corresponding  to  its  temperature.  In  such  condition  steam 
is  said  to  be  saturated,  being  incapable  of  vaporizing  more  water  into  the 
same  space,  unless  the  temperature  be  raised.  Saturation  is  therefore  the 
normal  condition  of  steam  generated  in  contact  with  a  store  of  water,  and 
the  same  density  and  the  same  pressure  are  always  to  be  found  in  conjunc- 
tion with  die  same  temperature. 

In  consequence,  saturated  steam  over  water  stands  both  at  the  condensing 
point  and  at  the  generating  point;  that  is,  it  is  condensed  if  the  temperature 
falls,  and  more  water  is  evaporated  if  the  temperature  rises. 

But,  su[ii)osing  the  whole  of  the  water  to  be  evaporated,  or  that  a  body 
of  saturated  steam  is  isolated  from  water,  in  a  space  of  fixed  dimensions,  if 
an  additional  quantity  of  heat  be  supplied  to  the  steam,  Uie  state  of  satura-  . 
tion  ceases,  the  steam  becomes  superheated,  and  the  temperature  and  the 
pressure  are  increased,  whilst  the  density  is  not  increased.  Steam,  thus 
suichaiged  wkh  heat,  approaches  to  the  condition  of  a  perfect  g»s. 

PHYSICAL  PROPERTIES  OF  STEAM. 

Relation  op  the  Temperature  and  Pressure  op  Saturated  Steam. 

The  results  of  the  experimental  observations  of  M.  Regnault  on  the 
temperature  and  pressure  of  saturated  steam,  whose  observations  have 
superseded  in  practice  those  of  previous  experimentalists,  show  that  the 
temperature  rises  more  slowly  than  the  pressure.  For  example,  the 
pressures  being  advanced  at  equal  inter\'als  of  5  lbs.  per  square  inch,  thus:— 

I  lb.    6  lbs.    II  lbs.    16  lbs.    21  lbs.    26  lbs.    31  lbs.    36  lbs., 

the  temperatures  in  Fahrenheit  degrees  are-* 

I08^I,  I7o^3,  I97^8,  8I6^3,  33o^6,  a43^3,  853^3,  36o^9y 
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which  advance  by  the  foUowing  dimmishiiig  differences, — 

68^1,    27°.6,    I8^5,    i4'.3,    n'-lf    9".9.  8'.7, 

Without  quoting  the  formula  employed  by  M.  Regnault  for  calculating  the 
pressures  due  to  the  temperatures  in  French  measures,  it  will  suffice  to  give, 
in  a  subsequent  table  (No.  127),  the  relative  ])ressures  in  inches  of  mercury 
and  in  pounds  per  square  mch,  based  on  his  formula,  for  low  temperatures 
ranging  from  32  F.  to  a  i  a**  F.,  as  given  by  ClaudeL 

To  ddfine  fit  relation  of  the  ten^>eiatare  and  pressure  of  saturated  steam 
Ibr  the  hiic^  tenmeratures  comprised  in  the  observations  of  M.  Regnault, 
^  late  A.  W.  M.  Buchanan  arranged  a  simple  formula  which  applies  with 
accuracy  to  temperatures  ranging  from  120°  F.  to  446°  F.,  the  higher  limit 
of  the  range  of  Regnault's  observations.  These  limits  correspond  to 
pressures  of  from  1.68  lbs.  to  445  lbs.  per  square  inch.  The  formula  is  as 
^O^ows:-  2938.16  ,  ,  , 

in  which  /  is  the  pressure  in  lbs.  per  square  inch,  and  /  is  the  temperature 
of  saturated  steam  in  dq;rees  Fahrenheit,  as  observed  by  means  of  an  air- 
dieimometer. 

Total  Heat  op  Saturated  Steam. 

The  constituent  or  total  heat  of  steam  consists  of  its  latent  heat,  in 
addition  to  its  sensible  heat.  The  latent  heat  of  saturated  steam  at  C, 
the  freezing  point,  was  experimentally  determined  by  Regnault  to  be  equal 
to  606". 5  C.;  or  such  that  the  total  heat  of  one  pound  of  saturated  steam 
at  o*^  C.  would  be  capable  of  raising  the  temperature  of  606.5 
water  one  degree.  At  higher  temperatures,  the  total  heat  of  saturated  steam 
was  found  to  increase  unifonnly  between  the  temperatures  C.  and  230"*  C, 
at  the  rate  of  .305^  C  for  each  increment  of  temperature  of  i"^;  and, 
therefore,  if  the  temperature  in  Centigrade  degrees  be  multiplied  by  .305, 
and  606.5  be  added  to  the  product,  the  sum  will  express  the  total  heat  of 
saturated  steam  at  the  given  temperature  measured  from  0°  C ;  or 

H  «  606.5 +.305  /  (Centigrade),  (2) 

in  which  H  =  the  total  heat  of  saturated  steam  of  any  temperature  t°  C. 

This  fonnuh  is  adanted  to  the  Fahrenheit  scale,  by  taking  the  total  heat 
at  33*  F.  equal  to  606  .5  C  x  9/,  =  logi^.j  F.   For  any  other  temperature 

/•  F.,  the  total  heat  is  equal  to  1091°.  7  F.  +  .305  (/-3a).  The  first 
quantity  in  this  expression,  namely  1091^7,  is  slightly  too  much,  for  whilst 

Regnault  found  that  the  total  heat  of  steam  at  100°,  his  starting  point,  wsls 
6^6^.6^  C,  it  was  calculated  by  his  formula  (No.  2  above)  to  be  637°  C. 
The  above-named  quantity  should  therefore  be  reduced  to  1091.16,  and 
the  formula  for  the  total  heat  of  steam  in  terms  of  Fahrenheit  degrees  will 

stand  thus:-       H=  1091.16  +  .305  (/-3a),  or 

H  =  1081.4  +-305   (3) 

that  is,  the  total  beat  of  saturated  steam  of  any  given  temperature  in 
Fahrenheit  degrees  is  equal  to  io8i°.4  plus  the  product  of  the  temperature 
by  .305,  supposing  that  the  water  from  which  the  steam  is  generated  is 
supplied  at  the  temperature  32*"  F. 
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The  expression  of  the  total  liest  fqimeots  units  of  heat  when  the  weight 
of  the  steam  is  one  pound. 

Supposing  that  the  water  to  be  evaporated  is  supplied  at  any  higher 
temperature  than  32"  F.,  the  total  heat  to  be  expended  in  evaporating  it  is 
found  by  deducting  the  difference  of  temperature  from  the  total  heat  as 
found  by  the  formula  (  3  ).  Or,  the  formula  ma\  be  modified  by  deductuag 
the  difference  of  temperature  from  the  first  quantity,  1081.4. 

For  example,  if  water  be  supplied  at  the  ordinary  temperature,  62""  F., 
which  is  30  degrees  above  32"  F.,  then  1081.4-30=1051.4  will  be  the 
proper  first  quantity.  For  Ihese  and  the  other  cardinal  temperatures  of 
water,  zoo*  F.  and  ait*  F.,  the  lour  equations  for  the  total  heat  of  steam 
raised  from  water  at  the  lespective  temperatmes  are  as  fbUow: — 

i Initial  temperature  32**  F.),  H  =  108 1.4  +  .305/*  ^  3  ) 
Do.  62' F.),  H=  1051.4 +  .305/'  (4) 
Do.  100"  F.),  H  =  1013.4+.305/"  (  5  ) 
Do.         2is*  F.J,  H  =  900W5 -k-.sos^  (  6  ) 

In  die  reduction  for  the  hut  equation  (  6 ),  32"*  has  been  deducted  from 
si8^9,  and  not  from  ais%  m  order  to  take  into  aocouat  the  item  .9%  beii^ 
the  extra  specific  heat  of  water  at  aia^  F.,  compared  with  that  of  water  at 
3a' F. 

Latent  Heat  of  Saturated  Steam. 

As  the  total  heat  is  increased  .305^  whidi  is  less  than  a  third  of  a  degree, 
whilst  the  sensible  heat^  or  tempemtnre,  rises  i%  and  the  sensible  heat  thus 
rises  faster  than  the  total  heat,  the  latent  heat  must  be  reduced  as  the 
temperature  rises,  by  as  much  as  .305*'  is  less  than  i*",  or  by  i  -  .305**  695°, 
for  each  degree  of  tempemture,  and  the  latent  heat  for  any  temperature 
/**  C.  is  expressed  by  the  (juantity  606°. 5  -  .695/. 

There  is  a  modifving  element,  namely,  the  specific  heat  of  the  water, 
which  slightly  increases  with  the  temperature,  and  which  requires  the 
fraction  .695  /  to  be  propartkmany  increased.  The  equation  of  Clausius, 
in  which  this  aiU^  variation  is  allowed  for,  is 

L  =  607  -  .708  /  (Centigrade),  (  7  ) 

where  L  ^  the  latent  heat  clue  to  the  temperature  /  C. 

To  adapt  this  formula  to  the  Fahrenheit  scale,  take  9/^thR  of  607  = 
1092  .6  F.,  and  substitute  {f""  -  32^)  F.  for  t°  C;  then  the  formula  becomes 

L=  1092.6  -  .708  (/  -32)^  or 

L=  1115.2-. 708  /;  (8) 

that  is,  the  latent  heat  of  saturated  steam  at  any  given  temperature  in 
Fahrenheit  degrees  is  equal  to  11 15.2  less  the  product  of  the  temperature 
by  .708,  suf^osing  that  the  water  which  is  converted  into  steam  is  supplied 
at 

Appropriation  or  the  CoBrsTiTUENT  Heat  of  Saturated 

Steam  at  aia*^  F. 

To  trnce  tfie  appropriation  of  all  the  heat  that  goes  to  the  fomatioii 
of  a  pound  of  steam,  in  the  sensible  and  the  btnrt  state,  in  lenis  of 

thermal  units,  as  well  as  of  dynamic  units,  or  foot-pounds,  t^e  one  pound 
of  water  at  32°  F.,  and  convert  it  into  saturated  steam  at  aia°  F.,  the  frnt 
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instalment  of  heat  is  tlie  sensible  heat,  and  it  is  required  for  elevating  the 
temperature  of  the  water  to  2 1 2^  throu^  1 80° ;  ia  odiisr  words,  to  inciease  the 
molecular  velocity,  and  slightly  expand  the  liquid,  which  appropriates  180.9 
units  of  heat,  equivalent  to  180.9  ^  772»  or  139,655  foot-pounds.  Secondly, 
latent  heat  is  applied  in  overcoming  the  molecular  attraction,  and  separating 
the  particles :  that  is  to  say,  in  the  formation  of  steam,  which  appropriates 
892.9  units  of  heat,  equal  to  689,318  foot-pounds.  Thirdly,  latent  heat  is 
applied  in  repelling  the  incumbent  pressure,  whether  of  the  atmosphere  or 
of  the  surrounding  steam;  that  is  to  say,  in  raising  a  load  of  14.7  lbs.  per 
square  inch,  or  2x16.4  ^^^r  ^  ^  square  foot,  through  a  cubic  space  of  26.36 
cnbic  feet,  being  the  rdtamt  of  one  pound  of  saduated  stsam.  Tbe  wcik 
tfaos  done  is  eqinl  to  ai  16.4  x  26.56,  or  55,788 fbot-potmds^  or  Itseqimkiit^ 
73.3  miits  of  heat.  In  strictness,  there  is  the  initial  vdume  of  the  pound 
of  water  to  be  deducted  from  thia  total  vohim^  to  show  the  exact  volume 
generated;  but  it  is  relatively  very  small,  and  is  inconsiderable. 

The  second  of  the  above  appropnations  of  the  heat  was  found  by  sub- 
tracting the  sum  of  the  first  and  third,  which  are  both  arrived  at  by  direct 
observation,  from  the  total  heat. 

The  first  appropriation  of  heat  is  thus  seen  to  be  the  sensible  heat,  and 
the  second  and  third  togeUier  constitute  the  latent  heat  The  thhd,  it  may 
be  added,  13  simply  an  expression  of  the  mechanical  labour  necessary  to 
disengage  26.36  cubic  feet  of  steam,  and  force  it  into  space  against  an 
atmospheric  pressure  of  21 16.4  lbs.  per  square  foot. 

The  appropriation  of  the  heat  expended  in  the  generation  of  one  pound 
of  saturated  steam  at  212''  i\,  £iom  waiec  supplied  at  32°  F.»  may  be 
exhibited  thus: — 


To  Generate  One  Pound  of  Steam  at  tfia**  F. 


Uaiuof  heat. 

Mechanical  eqaivalflnt 

The  sensible  heat: — ■ 

1.  To  raise  the  temperature  of 
the  water  from  3  2 '  to  2 1 2°  F. , 

180.9 

139.655 

The  latent  heat:— 

2.  In  the  formation  of  steam . . . 

892.933 

689,346 

3.  In  resisting  the  incumbent 

atmospheric  pressure  of  r4  7 

lbs.  per  square   inch,  or 

55,788 

2 1 16.4  lbs.  per  square  foot, 

72.265 
  965,2 

745,»34 

II46.Z 

884,789 

Volume  and  Density  of  Saturated  Steam. 


The  density  of  steam  is  expressed  by  the  weight  of  a  given  constant 
volume,  say,  one  cubic  foot;  and  the  volume  is  expressed  by  the  number 
of  cubic  feet  in  one  pound  of  steam.  The  density  and  volume,  which  are 
Uie  reciprocals  of  each  other,  have  not  yet  been  accurately  ascertained  by 
dhwct  experiment  They  are,  however,  determinable  in  terms  of  the 
pressure,  temperature,  and  latent  heat  of  steam,  all  of  which  have  been 
experimentally  ascertained,  by  means  of  the  mechanical  theory  of  heat 
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Mr.  Brownlee  has  deduced  a  nmple  expressum  for  the  dennQr  of  saturated 
steam  in  terms  of  the  pressure,  as  follows: — 


(9) 


or,  log  D  =  . 941  log/  -  2.519,  (10) 

in  which  D  is  the  density,  and  /  the  pressure  in  lbs.  per  square  inch.  In 

this  expression,  is  the  equivalent  of/^,  as  employed  by  Dr.  Rankine; 
and  it  is  simpler  to  handle.  The  equation  signifies  that  the  logarithm  of 
the  pressure  is  to  be  multiplied  by  .941,  and  that  2.519  is  to  be  subtracted 
from  tiie  product;  the  remainder  is  the  logarithm  of  &ie  density,  from  i^ch 

the  density  is  found  by  means  of  a  table  of  logarithms. 
•  The  results  presented  by  the  above  formula  are  very  accurate;  they  do 
not  differ  from  those  obtained  in  terms  of  the  temperature  and  the  latent 
heat,  for  pressures  of  from  i  lb.  to  250  lbs.  per  square  inch,  by  more  than 
one-seventh  per  cent. 

The  vohune  being  the  reciprocal  of  the  density,  then,  putting  V  for  tiie 
volume, 

 (") 

or  log  V=  2.519 -.941  log/;   (12) 

that  is,  that  if  the  logarithm  of  the  pressure  in  lbs.  per  square  inch  be 
multiplied  by  .941,  and  the  product  be  deducted  from  2.519,  the  remainder 
is  the  logarithm  of  the  volume,  in  cubic  feet,  of  one  pound  of  saturated 
steam.  The  nearness  of  the  power,  .941,  to  unity,  indicates  that  the  density 
of  saturated  steam  varies  neariy  as  llie  pressure,  but  in  a  lower  ratio;  and 
that  the  volume  of  saturated  steam  varies,  for  short  intervals,  nearly  in  the 
inverse  ratio  of  the  pressure.  For  example,  the  pressures  per  square  inch 
being — 

I,  3,        4,        8,       16,       3a,       64,      138  lbs., 

the  densities,  or  weights  per  cubic  foot,  which  are  inversely  as  the  volumes, 
are — 

.0030,   .0058,   .0113,   .0214,   .041Z,   .0789,   .1516,   .3911  lbs., 
being  in  the  ratios  of-^ 

i|       i-93»     3-73»     7i3»     i3-7»     29-3.     50-5»  97- 


Relative  Volume  of  Saturated  Steam. 


The  relative  volume  of  saturated  steam  is  expressed  by  the  number  01 
vohunes  of  steam  produced  from  one  volume  of  water,  the  volume  of 
water  being  measured  at  the  temperature  63**  F.  The  reladve  volume  is 
found  by  multiplying  the  volume,  m  cubic  feet,  of  one  pound  of  steam  by 
the  weight  of  a  cubic  foot  of  water  at  62''  F.,  which  is  62.355 

Or,  it  may  be  found  directly  in  terms  of  the  pressure,  by  multiplying  the 
second  member  of  the  formula  (11)  by  63.355.  Thus,  putting  n  for  the 
relative  volume, 
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^,62.355  X  330.36  ^ 

20600  ,  X 

""-^  

or,  log  «  =  4*313^  - (•941  ^  log/);  (»4) 

that  is,  if  the  logarithm  of  the  pressure  in  lbs.  per  square  inch  be  multiplied 
by  .941,  and  the  product  be  deducted  from  4.31388,  the  remainder  is  the 
logarithm  of  the  relative  volume. 

Gaseous  Steam. 

When  saturated  steam  is  superheated,  or  surchaif;ed  with  heat,  it  advances 
from  the  condition  of  saturation  into  that  of  gaseity.  The  gaseous  state  is 
only  arrived  at  by  considerably  elevating  the  temperature,  supposing  the 
pressure  remains  the  same.   Steam  thus  sufficiently  superheated  is  known 

as  gaseous  steam,  or  "steam-gas,"  as  Dr.  Rankine  has  named  it. 

The  test  of  perfect  gaseity  is  the  uniformity  of  the  rate  of  expansion  with 
the  rise  of  temperature;  and,  whereas,  during  the  first  few  degrees  which 
follow  the  temperature  of  saturation,  the  rate  of  expansion  is  notably 
greater  than  that  of  air,  the  rate  diminishes  at  still  higher  temperatures,  and 
ultimately  becomes  uniform,  like  that  of  the  expansion  of  permanent  gases. 

Dr.  C.  W.  Siemens,  experimenting  on  the  expansion  of  isolated  steam, 
generated  at  aia**,  and  superheated  and  maintained  at  atmospheric  pressure, 
K>und  that  expansion  (Moceeded  rapidly  until  the  temperature  rose  to  220**, 
and  less  rapidly  up  to  230°,  or  18°  above  the  saturation  point;  above  which 
it  expanded  uniformly,  as  a  permanent  gas.  Up  to  230%  the  expansion 
was  tive  times  as  much  as  that  of  air, 

Messrs.  Fairbairn  and  Tate  found  that  for  steam  generated  at  low 
temperatiures  of  saturation, — under  150°  F., — the  rate  of  expansion  when 
the  steam  was  heated  was  nearly  uniform.  At  17^**  F.,  the  expansion  for 
the  iuRSt  five  degrees  averaged  moie  than  three  tunes  that  of  air;  above 
Uiat  point,  it  was  nearly  the  same.  For  steam  generated  at  the  high 
temperature  of  324°  F.,  for  a  total  pressure  of  95  lbs.  per  square  inch,  the 
rate  of  expansion  up  to  331°  was  nearly  three  times  that  of  air;  and  for  the 
next  25  degrees,  one-sixth  greater. 

M.  Regnault  concluded  from  his  experiments  that  saturated  steam  was 
nearly  gaseous  at  temperatures  below  60"*  F. 

It  may  be  gathered  from  these  observations  that  saturated  steam  of 
ordinary  temperatures  may  be  made  gaseous  bv  superheating  it  to  the 
extent  of  from  10  to  20  degrees.  It  is  thought  that  the  rapidity  of  expan- 
sion heat,  near  the  boiling  point,  is  to  be  accounted  for  by  the  supposed 
insensible  moisture  of  steam  in  the  saturated  condition,  as  generated  from 
water,  being  evaporated  and  contributing  to  increase  the  quantity  of  steam 
without  raising  the  temperature.  This  argument  is  plausible;  but  it  might 
be  argued,  on  the  contrary,  that  in  the  converse  process,  of  abstracting  heat 
from  superheated  steam,  the  accelerated  reduction  of  volume  when  it  aj>- 
proaches  the  point  of  saturation,  is  due  to  incipient  condensation,  which 
would  be  absurd. 

It  may  be  inferred,  further,  that  saturated  steam  of  very  low  temperatures, 
under  150^  or  loo**  F.,  is  gaseous. 
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Total  Heat  of  Gaseous  Steam. 

Regnault  found  that  the  total  heat  of  gaseous  steam  increased,  hke  that 
of  saturated  steam,  uniformly  with  the  temperature;  and  at  the  rate  of 
•475°  for  ^^^^^  degree  of  temperature,  under  a  constant  pressure.  A  formula 
for  the  total  heat  of  gaseous  steam  may  be  constructed  on  the  basis  of  that 
for  saturated  steam,  by  a  modification  of  the  constants;  and  for  the  adjust- 
ment of  Uiese»  take  the  two  steams  at  a  knr  tcmperataie^  as  4o>*  F.,  viiere 
they  are  idendcal  in  consthutkNi,  both  being  gaseous.  Then,  by  fonnula 
( 3 )  for  saturated  steam,  the  total  heat  at  this  temperature  is 

1081.4 +  (.305  X  40°)=  io93°.6  F. 

Substituting  for  the  second  quantity  in  this  equation,  the  quantity  (.475  x  40''), 
and  reducing,  then 

1074.6 +  (.475  X  40')  =  io93**.6  F. 

Whence  the  general  formula  for  the  total  heat  of  gaseous  steam,  produced 
from  water  at  32^  F., 

H'=  1074.6 +  .475  /,  (15) 

H'  being  the  total  heat,  in  Fahrenheit  degrees,  and  /  tJie  temperature ;  that 
is,  that  to  the  constant  1074.6,  is  to  be  added  the  product  of  the  tempera- 
tnre  by  .47 5,  to  find  the  total  heat 

Bf  this  formula  it  is  found  Aat  the  total  heat  of  gaseous  steam  at  s  i  a*  F^ 
and  at  atmospheric  pressure,  is  1175.3*^  F.,  iffaich  is  29.2  degrees,  or  »)i 
per  cent,  more  than  that  of  wtumtgd  steam. 

Speufic  Heat  of  Steam. 

The  specific  heat  of  saturated  steam  is  .305,  that  of  water  being  unity; 
or,  it  is  1. 28 1,  that  of  air  being  unity.  It  may  be  noted  that  .305°  is  the 
quantity  by  which  the  total  heat  of  saturated  steam  is  increased  for  each 
degree  of  temperature  (see  formula  3);  so  that  ecjual  intervals  of  tempera- 
ture correspond  to  equal  quantities  of  heat.  The  expression,  .305,  for 
specific  heat,  is  taken  in  a  compound  sense,  comprising  the  changes  both 
of  volume  and  of  pressure  whidi  take  place  in  the  production  of  saturated 
steam. 

The  specific  heat  of  gaseous  steam  is  .475,  under  constant  pressure,  as 
found  by  Regnault.  It  is  upwards  of  a  half  more  than  that  of  saturated 
steam.  It  is  identical  with  the  increase  of  total  heat  for  each  degree  of 
temperature  (formula  15). 

ThB  Spsanc  DmsiTv  op  Steait. 

The  specific  density  of  gaseous  steam  has  been  found  by  M.  Regnault 
to  be  .622,  that  of  air  being  i.  That  is  to  say,  that  the  weight  of  a  cubic 
foot  of  gaseous  steam  is  about  live-eighths  of  that  of  a  cubic  foot  of  air,  of 
the  same  pressure  and  tempeiatuxe. 

The  specific  density  of  saturated  steam  is  usually  taken  at  the  same 
value  as  that  of  gaseous  steam,  as  an  approximation  to  the  actual  value. 
Thus  approadmated,  it  is  only  correct  at  very  low  tempentuiest  for  the 
specific  density  increases,  though  not  rapidly,  with  the  temperature,  inso- 
much that  though  it  is  practically  the  same  as  that  of  gaseous  steam  at 
100^  F.,  it  becomes  .643  at  212''  F.;  and  at  303*"  F.,  with  70  lbs.  absolute 
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pressure  per  square  inch,  it  becomes  .664,  or  two-thirds  of  that  of  air.  At 
358.3°  F.,  with  150  lbs.  pressure,  it  is  .681.   (See  table  No.  129.) 

Density  of  Gaseous  Steam. 

The  density  or  weight  of  a  cubic  foot  of  gaseous  steam  is  expressible  by 
the  same  formula  as  for  that  of  air  (page  350),  except  that  the  multiplier  or 
coefficient  is  less  in  proportion  to  the  less  specific  density,  thus: — 

IV-     7074/  X  622  _  1.684/ 

JV^i    ^  ^ 

in  which  D'  is  the  weight  of  a  cubic  foot  of  gaseous  steam,  /  the  total  pressure 
per  square  inch,  and  /  the  temperature  by  Fahrenheit. 

Tables  of  the  Properties  of  Saturated  Steam. 

The  first  table,  No.  127,  of  the  properties  of  saturated  steam  of  tempera- 
tures ranging  from  32°  to  2 1 2^  F.  is  adapted  from  a  table  prepared  by  Claud  el, 
partly  based  on  Regnault's  formulas,  and  partly  on  the  assumption  that  the 
specific  density  of  saturated  steam  is  uniformly  .622,  or  about  five-eigliths 
that  of  air  at  the  same  temperature.  As  already  mentioned,  the  sj)ecitic 
density  increases,  in  fact,  slightly  with  the  temperature,  and  this  deviation 
from  uniformity  explains  the  small  discrepancies  between  the  weights  of 
steam  as  given  in  table  No.  127,  and  &ose  as  given  for  temperatures  below 
213**  in  the  next  table. 

The  table  No.  138  gives  the  properties  of  saturated  steam  for  pressures 
of  from  I  lb.  per  square  inch  to  400  lbs.  per  square  inch,  the  temperatures 
ranging  from  102"  to  445'  F.  The  first  column  contains  the  ascending 
total  pressures  in  lbs.  per  s(|uare  in(h.  The  second  column,  of  teni])era- 
tures,  was  calculated  from  the  pressures  by  means  of  the  tormuia  (  1  — 

t=.        ^938.16  3 
6.1993544 -log/ 

The  third  colunm,  of  the  total  heat  of  saturated  steam,  by  formula  (  5  ): — 

Hs  1081.44-. 305  /. 

The  fourth  column,  of  the  latent  heat  of  saturated  steam,  by  formula  (  8  ) 

L=  1 1 15.2  -  708  /. 

The  fifth  column,  of  the  density  of  saturated  steam,  by  formula  (10): — 

log  D  =  .94i  log/- 2.519. 

The  sixth  colunm,  of  the  volume  of  saturated  steam,  was  calculable  by 
finding  the  reciprocals  of  the  densities,  or  by  formula  (12): — 

log  V=  2.519 -.941  log/. 

The  seventh  column,  of  the  relative  vokune  of  saturated  steam,  by  the 
formula  (14): — 

log  «  =  4-3 1 388 -(.941  xlog/). 

The  table  No.  129  contains  the  comparative  densities  and  volumes  of 

air  and  saturated  steam  for  pressures  up  to  300  lbs.  total  pressure  per  square 
inch,  and  temperatures  to  417^5  F.,  together  with  the  speci^c  density  of 
saturated  steam. 
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Table  No.  127. — Properties  of  Saturated  Steam  from  32**  to  212°  F. 


Tbmpsraturb. 

Pkes. 

iK)uare  inch. 

Total  heat 
rackooed  front 

wain  W  3> 

TTCiKni  01  100 

cubic  feet. 

Volume  of  one 
pound  of 

• 

Fahrenheit, 

inches. 

Ibt. 

FaJuenbeit. 

lU. 

cubic  feel. 

xz""  ... 

...  .181, 

...  1091*2  ... 

.204 

.106 

1092. 1 

.034 

2041 

.248 

.122 

100 1.6 

.041 

24^0 

A^  ... 

...  IO0<>.I  ... 

.  .  .  —  w-y  m 

.362 

.178 

1096.6 

•059 

1695 

55 

.426 

.214 

1098.2 

.070  . 

1429 

60  • 

...    1099*7  *** 

.610 

.t04 

%j  ~ 

I  IOT.2 

"  -^97 

lO^I 

70 

.^60 

II02.8 

.114 

877.2 

7 

/J 

...  .869 

.  J.2  7 

...    1 1  Oil.  1  ... 

...    .  M4 

746. 1 

80 

1.024 

•503 

1 105.8 

!  .156 

641.0 

1.205 

•592 

1 107.3 

.182 

549-5 

90  ... 

...    1 108.9  *" 

1.647 

.800 

1 1 10.4 

•24s 

408.2 

100 

1. 01 7 

.042 

I  1 1  I.Q 

.283 

0  JO-**' 

...  2.229  , , 

...     IJI3.4  .** 

no 

2.579 

1.267 

1115.0 

•373 

268.1 

"5 

2.976 

1.462 

I  1 16.5 

.426 

234.7 

120  ... 

...  ^.4^0,., 

i.68«;... 

...  Ill  8.0  . . . 

1 1 1 0.  (« 

i8o.«; 

I  ^0 

*r'0  If 

2.2 1*; 

II2I.I 

.6x0 

i«;8.7 

...      II22aO  ... 

www                                               V  V  V 

140 

5.860 

2.879 

1.124.1 

.806 

1 24.1 

145 

6.662 

3.273 

1125.6 

.909 

XI  0.0 

1^0  ... 

...  7.548... 

...  3.708... 

•  •  •  113  /•  2  •  •  ■ 

f 

✓  • 

1 128.7 

1.14$ 

87.'^ 

160 

9.6to 

4.7^1 

.1130.2 

1.333 

71;. 0 

16^  ... 

. . .  60.8 

I  70 

I  2.  18-? 

^.o8«; 

00  J 

1.602 

62.4 

ITS 

6.708 

11^4.8 

s6.4 

180  ... 

...  II36.3  ... 

»8S 

17.044 

8.375 

II37.8 

2.I8I 

45-9 

190 

19.001 

9-335 

1 1394 

2.41  I 

41.5 

195  ... 

...21.139... 

...10.385... 

...  1 140.9  .. 

...  2.662  ... 

...  37-6 

200 

23.461 

11.526 

1142.4 

2.933 

34-1 

205 

25994 

12.TJO 

1143-9 

3225 

31.0 

210  ... 

...28.753... 

...  14.126... 

...  1145*5  ••• 

..-  3-543  ... 

...  28.2 

2X2 

• 

29.922 

14.700 

1 146. 1 

3.683 

27.2 
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Table  No.  128. — Pkopsrtibs  of  Saturated  Steam. 


Total 
pressure 
per  square 

inch. 

Temperature 
in  FaJucnheit 
dagNM. 



lbs. 

Fahr. 

I 

102. 1 

2 

12Ck.3 

*  ^  *  JIL 

4 

I53.» 

5 

162.3 

7 

170.9 

Q 

1 02.9 

9... 

-  0  0  — 

10 

W3 

II 

197.8 

'3 

205.9 

209.6 

\l 

213.1 

10 

216.3 

17  ... 

18 

222.4 

«9 

225.3 

_  ^  0 

21 

230.6 

22 

233.1 

237.8 

25 

240. 1 

27 

244-4 

^0 
28 

246.4 

A  .0  . 

30 

250.4 

3^ 

252.2 

32 ... 

33 

•255.9 

34 

257.6 

30 

260.9 

?« 

202.0 

38.. 

_  ^  .  ^ 

39 

205.0 

40 

267.3 

aAO  •* 

43 

270.2 

43 

271.6 

44  • 

^1 

274.4 

46 

275.8 

,    47  ... 

...277.1  ... 

I  4^ 

278.4 

'  49 

279.7 

i 

Tot.nl  heat,  in 
Fahr.  degrees, 
from  water 
at  32-  F. 


F.ihr. 

I  I  I  2.5 
1119.7 
1 124.6 
II28.I 
1 1 30.9 

1 133.3 

"35-3 
1137.2 

1 138.8 

1 140.3 

1 141.7 

1 143.0 

1144.2 

1 145-3 
1 146.1 

1 146.4 

1 147.4 
1 148.3 

1 149.2 

II 50. 1 

Ii5a9 

1151.7 

1 152.5 

1153.2 

"53-9 

II  54.6 

«'55-3 
1155.8 

1 156.4 

1157.1 

1 157.8 
1 158.4 
II  58.9 
1 1 59.5 
1 160.0 
1 160.5 
1161.0 
I161.5 
II  62.0 
1162.5 
II  62.9 
1 163.4 
1 163.8 
1 164.2 


Latent  heat, 
Fahrenheit 
degreet. 


Density, 
or  wdcfatof 
one  cuMC  foot 


F.ihr. 
1042.9 
1025.8 
IOI5.O 
1006.8 
1000.3 

994-7 
990.0 

985.7 
981.9 

978.4 

975.2 

972.2 

969.4 
f/-)6.8 
965.2 

964.3 
962.1 

959.8 

957.7 
955.7 
953-8 
951.9 

950.2 
948.5 

946.9 

945-3 
943.7 
942.2 

940.8 
939-4 
937.9 
936.7 
935.3 
934.0 
932.8 
931.6 

930.5 

929-3 
928.2 

927.1 

926.0 

924.9 

923*9 

923.9 


1164.6...!...  921.9 

1 1 65. 1    I  920.9 

1 165.5  919-9 

1165. 9......  919.0 


1 166.3 
1 166.7 
1 167. 1 


918.1 
917.2 
916.3 


lbs. 

.0030 
.0058 
.0085 

.01  12 
.0138 
.0163 
.0189 
.0214 
.0239 
.0264 
.0289 
.0314 
.0338 
.0362 
.0380 
.0387 
.0411 

.0435 

.0459 

.0483 
.0507 

.0531 

.0555 
.0580 

.0601 

.0625 
.0650 
.0673 
.0696 
.0719 

•0743 
.0766 

.0789 

.0812 

■0835 
.0858 

.0881 
.0905 
.0929 
.0952 
.0974 
.0996 
.1020 
.1042 
.1065 
.1089 

.nil 

.1133 
.11  56 

.1179 

.1202  , 


VOIUIM  01 

OBO  [ftufmi 
oTaicML 

Relative  \p!uin€, 
or  cubic  feet  of 
•twin  from  one 

cttbk  ft.  of  water. 

cubic  feet. 

Kcl.  vol. 

33036 

20600 

172.08 

10730 

.  117.52 

...  7327 

89.62 

5589 

72.66 

4530 

...  3816 

52.94 

3301 

46.69 

291  I 

37.84 

.  2360 

29.57 

1844 

27.61 

1721 

25.85 

1611 

24.32 

1516 

...  1432 

21.78 

1357 

20.70 

1290 

.  19.72... 

18.84 

1174 

18.03 

1123 

...  1075 

16.64 

1036 

15.99 

996 

.  15-38... 

...  958 

14,86 

926 

14.37 

895 

.  13.90... 

866 

1346 

838 

13.05 

813 

...  789 

12.31 

767 

11.97 

746 

.  11.65... 

726 

11.34 

707 

11.04 

688 

...  671 

10.51 

655 

10.27 

640 

.  10.03... 

9.81 

611 

9.59 

598 

.      9.39  ... 

...  585 

9.18 

572 

9.00 

561 

.  8.82... 

...  550 

8.65 

539 

8.48 

529 

.     8.31  ... 

...  518 
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Table  No.  laS  {eotUtmud). 


Total 
preasure 

per  ■quare 
inch. 


Temperature 
in  Fanrenheit 


lbs. 

Fahr. 

C  1 

282  \ 

I2 
J* 

281  5 

Ct 

...  284.7 

•Id 

cc 

J  J 

287.1 

;6 

288  -» 

67 

280  1 

;8 
5" 

20O.J. 

291.6 

60 

202  7 

61 

29^8 

62 

61 

298.0 

66 

2CM  0 

67 

68 

100  0 

6q 

lt\ 
70 

302.9 

71 

tot  0 

72 

^0x8 

/  J 

7J. 

106  6 

7C 

107  c 

76 

77 

78 

^10.2 

7Q 

■^I  I.f 

^  ■     •  •  ■ 

80 

11  2.0 

81 

^12.8 

82 

313-6 

J  J' 

83 

11  C  1 
J*  5' J 

11 6  I 

86 

1 1 6  Q 

87 

317.8 

88 

118.6 

8q 

90 

120.2 

91 

321.0 

92... 

...321.7 

93 

322.5 

94 

323.3 

95- 

...  324. r 

96 

324.8 

97 

325.6 

98... 

...  326.3 

99 

327.1 

100 

327.9 

lOI... 

...  328.5 

Total  heat,  in 


Fal 


degrees, 

om  w.iter 
32-  F. 


Fahr. 
67.5 
67.9 
68.3 

68.6 

69.0 

^9-3 
69.7 

70.0 

70.4 

70.7 

71.1 

71.4 

71.7 

72.0 

72.3 
72.0 

72.9 
73-2 

73-  5 
73.8 

74-  1 
74.3 
74.6 

74.9 
75.2 

75-  4 

75-7 
76.0 

76.3 

76.5 
76.8 

77.1 
77.4 
77.6 

77.9 
78.1 

78.4 
78.6 

7-^.9 
79' 
79-3 
79-5 
79.8 
80.0 
80.3 
80.5 
80.8 
Si.o 
81.2 
81.4 
81.6 


Latent  heat, 
Fahrenheit 
degrees. 


Fahr. 

9154 
914.5 
913.6 
912.8 
912.0 
91  1.2 
910.4 
909.6 
908.8 
908.0 
907.2 

906.4 

905.6 
904.9 
904.2 

903.5 

902.8 

902.1 
901.4 
900.8 
900.3 
899.6 
898.9 
898.2 

897.5 
896.8 

896.1 

895.5 

894.9 

894.3 


893.1 

892.5 
892.0 

891.4 

890.8 

890.2 

889.6 

889.0 

888. 5 

887.9 
887.3 
886.8 
886.3 
885.8 
885.2 
884.6 
8S4.1 
883.6 
883.1 
882.6 


Density, 
or  wei^of 
one  cable  feat. 


bs. 
224 
246 
269 

291 

3'4 
336 

364 

380 

403 
425 
447 
469 

493 
516 

560 

5«3 
605 

627 
648 
670 
692 

714 
736 

759 

782 

804 
826 
848 

869 
891 

9»3 
935 
957 
980 

2002 
2024 
2044 

2067 
2089 
2111 

2»33 

2155 

2176 
2198 
2219 
2241 
2263 
2285 
2307 
2329 


Volume  of 
one  pound 
of  tteam. 


cubic  feet. 
8.17 
8.04 

.    7.88  . 

7-74 
7.61 

.  7.48  . 

7.36 

7.24 
.  7.12  , 

7.01 

6.90 
.  6.81  . 

6.70 

6.60 
.  6.49  . 

641 

6.32 
.  6.23 

6.15 

6.07 

.  5.99 

5.91 

5.83 
.   5.76  , 

5.68 

5.61 
.  5.54 

5.48 

5-41 

•  5-35 
5.29 

5.23 
.  5.17 
5.1 1 

5.05 
.  5.00  , 
4.94 

4.89 

.  4.84 
4-79 
4.74 

.  4.69 

4.64 
4.60 

■  4-55 
4.51 

A,Af> 
.  4.42 

4.37 

4-33 
.  4.29 


Relative  volume, 
or  cubic  feet  of 


cubic  ft.  of  1 


Rcl  vol. 
509 
500 

491 

482 

474 
466 

458 

451 
444 
437 
430 
424 

417 
411 

405 

399 

393 

388 

3S3 
378 

373 

368 

363 
359 
353 
349 
345 
341 
337 
333 
329 
325 
321 

318 

3H 

3»i 
308 

305 

298 

295 
292 

289 

286 

283 

281 

278 

275 

272 

270 

267 
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Table  No.  128  (continutd). 


Total 
pressure 
per  sauare 


Temperature 
in  Fanrcnheit 
degrees. 


lb*.  Fahr. 
102  329.1 
[03  329.9 
104  330.6 

331.3 

106  331.9 

107  332.6 

108  333.3 

ro9  334.0 

10   334-6 

11  335-3 

1 2  336.0 

13  336.7 

14  337.4 

15  33«o 
16  338.6 

17  339.3 

18  339.9 

19  340.5 

20  341. 1 
121  341.8 
IM  3424 

23  3430 

24  343-6 
125   344-2 

6  344.8 

127  345-4 

28  346.0  , 

29  346.6 
130  347-2 
13»  347.8 

32  348.3 

33  '  34H.9 
;34...  ...  349.5 


Tot.il  heat,  in 
Fahr.  degrees, 
from  water 
at  32*  F. 


Lattnt  heat, 

Fahrenheit 
degrees. 


136 

37- 
138 

^39 
140. 

[41 

142 

143- 
144 

'45 

[46. 

147 
148 

149. 

150 

ill. 


350-1 
350.6 
35«-2 

351.8 
352.4 
352.9 

353.5 

354.0 

354.5 
355.0 

355-6 

356.1 
356.7 
357.2 
357.8 

358.3 
361.0 

363.4 


Fahr. 
81.8 
82.0 
82.3 

82.4 
82.6 

82. 8 
83.0 

83.3 

83.5 

837 

83.9 
84.1 

84-3 
84.5 
84-7 
84.9 
85.1 
85.3 
85.4 
85.6 
85.8 
86.0 
86.2 
86.4 
86.6 
86.8 
86.9 
87.1 

87.3 

87.5 

87.6 

87.8 
88.0 
88.2 

88.3 


Fahr. 
882.1 
881.6 
881.I 

88a7 

880.2 

879-7 
870.2 

878.7 

878.3 

877.8 

877.3 
876.8 

876.3 

875.9 

875.5 
875.0 

874.5 

874.1 

873.7 
873.2 
872.8 

872.3 
871.9 

871.5 
871. 1 

870.7 

870.2 

869.8 

869.4 

869.0 

868.6 

868.2 

867.8 

867.4 

867.0 


88.5...  ...  866.6 


88.7 

88.9 
89.0 
89.2 
V9.4 
89.6 

89.7 

89.9 

90.0 
90.2 

90.3 

90.5 

90.7 

91.5 
92.2 


866.2 
865.8 
865.4 

865.0 
864.6 
864.2 
863.9 
863.5 
863.1 
862.7 
862.3 
861.9 
861.5 
859.7 
857.9 


Density, 
or  wei{{ht  of 
one  cubic  foot. 


lb*. 

2351 

2373 

2393 
2414 

2435 
2456 

2477 

2499 

2521 

2543 
2564 

2586 

2607 

2628 

2649 

2652 

2674 

2696 

2738 

2759 
2780 

2801 

2822 

2845 

2867 

3889 

291 1 

2933 

2955 

2977 

2999 
3020 

3040 

3060 

3080 

3101 
3121 

3142 
3162 

3184 
3206 
3228 
3250 
3273 
3294 
3315 
3336 

3357 

3377 
3484 
3590 


Volume  of 
one  pound 
of  steam. 


cubic  feet. 

4-25 
4.21 

.   4.18  . 

4.14 

4.1  t 

•  4.07  . 
4.04 
4.00 

•  3.97  . 

3-93 

390 
.  3.86  . 

3.83 

3.80 

.  3.77  • 

3.74 

3.71 
.  3.68  . 

3.65 

3.62 

•  3-59  . 
3.56 
3.54 

.  3-5' 
3.49 
3.46 

.  344  ■ 
3-41 
3.38 

•  3.35  • 
3.33 
3.31 

.  3  29  • 
3.27 
3.25 

•  3-22  . 
3.20 
3.18 

.  3.«6  . 

3- '4 
3-12 
-   3.IO  . 
3.08 
>o6 

.  3  04  • 

3.02 

3.00 
.  2.98  . 

2.96 

2.87 
.  2.79  . 


Relative  volume, 
or  cubic  feet  of 
itcani  from  one 
cubic  ft.  of  wattr. 


ReL  voL 

265 
262 
260 
257 

255 

253 
251 

249 
247 

245 

243 
241 

239 

237 

235 

233 
231 

229 
227 
225 
224 
323 
221 
219 
217 
215 
214 
212 
21  I 
2C 
201 
206 
205 
203 
203 
200 

199 
198 
197 

195 
194 

193 
192 

190 

189 
188 

187 
186 
184 
179 

1/4 


2oi 
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Table  No.  128  {caiUmued). 


Total  ' 
pressure 
per  square 
vaetk.  j 

Temperature 
degrees. 

Tot-il  heat.  Ill 
F.Thr.  degree!, 
from  water 
at  39  t . 

Latent  hesU, 
degrees. 

Density, 

m*  ■aroigrtit' 

oneottbc  fboc. 

Voliune  of 
of  itettn. 

ReUtive  volume. 

or  cubic  fret  of 
btc.im  ff  irii  one 
cubic  ft  of  M'.iter 

lbs.  ' 

Fahr. 

Fahr. 

Fahr. 

lbs 

cubic  feet. 

Rel.  vol. 

165 

366.0 

I  192.9 

856.2 

.3695 

2.71 

i6q 

170 

368.2 

854.5 

.3798 

2.63 

164 

175-  . 

... 

180 

372.9 

I  195. 1 

8SI.3 

uiooo 

2.49 

•  y 

185 

375-3 

1195.8 

7  J 

849.6 

.4117 

2.43 

IQO 

...  '?77.'>  ... 

...  1  iq6.;  ... 

...  848.0  ... 

...  .4222... 

148 

■J  t  y  / 

I  197.2 

846.5 

.4327 

2.31 

200 

*  •/ 

IIQ7.8 

.44H 

2.26 

lAI 

210  , , 

...  386.0  ... 

...    .  .  •y^.  - 

...  .46 "14... 

220 

■?8q.q 

1200.3 

839.2 

.4842 

2.06 

120 

2^0 

IQ'^.8 

1201.5 

836.4 

1.08 

12"? 

y 

250 

401. 1 

1203.7 

831.2 

.5464 

1.83 

114 

260 

404.5 

1204.8 

828.8 

.5669 

_  y 

1.76 

I  10 

...  407.9  ••• 

...    1205.8  ... 

...    826.4  ... 

...  .5868... 

280 

41 1.2 

1206.8 

824.1 

.6081 

1.64 

102 

290 

414.4 

1207.8 

821.8 

.6273 

1-59 

99 

...417.5  ••• 

...    1208.7  ... 

...   819.6  ... 

...  .6486... 

...  1.54  ... 

...  96 

430- 1 

1212.6 

810.7 

.7498 

1.33 

83 

400 

444.9 

I217.I 

8oa2 

.8502 

1. 18 

73 

JSypathetkal  values^  caUulaUd  hy  means  ofihe  same  formuhs^  fur  pressures 

beyond  the  range  of  Renault s  observations: — 

450... 

...456.7  ... 

...  1220.7  ... 

[...  791.9  ... 

...  .9499  -. 

...  66 

1^ 

4675 

1224.0 

784.2 

1.0490 

•n 

59 

487.0 

1229.9 

770.4 

1.2450 

...    .6,  ... 

50 

...504.1  ... 

...  1235.1  ... 

...  758  3  ... 

...1.4395... 

...  43 

800 

5'9-5 

1239.8 

747-4 

1.6322 

38 

9cx> 

533-6 

1244.2 

737-4 

1.8235 

.55 

34 

...  546.5  ... 

• 

...  728.3  ... 

...       .50  ... 

...  31 

Note  to  Table. — This  table  was  originally  published  in  the  article  "  Steam,"  contributed 
by  the  author  to  the  EncydopeMa  Bnkmniea,  8di  edidiOiL 
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Table  No.  139. — Comparative  Density  and  Volume  of  Air  and 

Satukatki)  Steam. 


1 

1 
1 

Total 

pressure 
per  sauare 
ioai. 

Temperature 
in  Fahrenheit 
degrees. 

t      Denaty,  or  w«i^i  of 
OM  cubic  feoL 

1    VohuM  of  one  pound. 

— .   

Specific  density 

V  1                  i  111  4«lWU 

steam. 

Air. 

Steam. 

Air. 

Steam. 

Air  —  • 

Air  s  t. 

lU. 

Fahicaliek. 

lb. 

Uk 

cubic  feet. 

cubic  feet. 

I 

102. 1 

.0048 

.0030 

2o8.oi 

33036 

.622 

5 

162.3 

.0217 

.0138 

46.04 

72.66 

.635 

10 

1933 

.0414 

.0264 

24.17 

37.84 

.638 

14.7 

212.0 

.0591 

.0300 

16.91 

20.30 

•643 

20 

228.0 

.0786 

.0507 

^  12.72 

19.72  ' 

.645 

250.4 

.1 142 

•0743 

8.76 

13.46 

.651 

40 

267.3 

.1487 

.0974 

1  6.73 

10.27 

.655 

50 

281.0 

.1824 

.I202 

1  5.48 

0.31 

•659 

60 

292.7 

.2155 

.1425 

4.64 

7.01 

.661 

70 

302.9 

.2481 

.1648 

4.03 

6.07 

.664 

1  80 

312.0 

.2802 

.1869 

;  3.57 

5.35 

.667 

90 

320.2 

.3119 

.2089 

3.21 

4.79 

.670 

100 

327.9 

•3432 

.2307 

!  2.91 

4*33 

.672 

1 10 

334.6 

.3743 

.2521 

2.67 

3.97 

•673 

120 

341. 1 

.4051 

.2738 

2. 1 7 

3.65 

.676 

130 

347-2 

1  -4355 

•2955 

2.30 

3.38 

.678 

140 

3529 

•4657 

.3162 

2.15 

3.16  ' 

.679 

358.3 

.4957 

■3377 

2.02 

2.96 

.681 

160 

363.4 

c   c  c 
'  -5255 

.359° 

T  f\r% 
1 .  Uw 

2.79 

.683 

170 

368.2 

•5551 

•3798 

1.80 

2.63 

.684 

180 

372.9 

.5844 

.4009 

1. 71 

2.49  I 

.686 

190 

377.5 

.6135 

.4222  1 

1.63 

2.37 

.680 

200 

381.7 

.6425 

•4431 

1.56 

2.26 

.690 

220 

3899 

.7000 

.4842  ^ 

1.43 

2.06 

.692 

240 

397.5 

•7569 

.5248 

1.32 

1.90 

.694 

260 

404-5  ! 

.8133 

.5669 

1.23 

1.76 

.697 

280 

41 1.2 

.8691 

.6081 

115 

1.64 

.700 

300 

417.5 

.9246 

1 

.6486 

1.08 

1-54  , 

.702 
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If  two  or  more  gases  or  vapours,  not  having  any  power  of  chemical 
action  one  upon  another,  be  introduced  into  the  same  space,  each  gas  will, 
after  a  certain  interval*  be  difiused  equally  throughout  the  whole  of  the 
space,  and  will  occupy  the  space  exactly  as  if  no  other  gas  were  present 
The  gases  thus  become  intimately  mixed 

Moreover,  the  elastic  force  or  pressure  of  each  gas  is  the  same  as  if  it 
alone  occupied  the  given  space,  and  the  total  or  resulting  pressure  of  the 
mixture  is  equal  to  the  sum  of  the  pressures  of  the  individual  gases. 

If  a  vessel  be  filled  with  dry  air,  and  a  sufficient  (juantiiy  of  water  be 
introduced  into  the  vessel,  the  water  is  evaporated,  and  the  vapour  occupies 
the  vessel  just  as  if  the  vessel  had  been  empty,  and  had  previously  contained 
a  vaaium.  The  evaporation  proceeds  until  iht  vapour  becomes  satunuted; 
that  is  to  say,  until  the  pressure  and  density  of  the  vs4X>ur  arrive  at  the 
maximum  due  to  the  temperature  of  the  mixtiue. 

And  the  final  pressure  of  the  mixture  of  air  and  vapour  is  equal  to  the 
prcN^iure  of  the  contained  air  plus  the  pressure  of  the  vapour. 

'rhcsc  two  i)n)i)ositions,  with  respect  to  the  mixture  of  air  and  vapour, 
hold  with  respc<  t  to  the  mixture  of  vapour  with  gases  generally.  They 
have  been  practically  verilied  by  the  results  of  direct  experiment  made  by 
M.  Regnault;  though  he  found  a  vei^  slight  inferiority  of  the  pressure  of 
vapour  to  that  due  to  saturation,  which  he  attributed  to  the  hygroscopic 
affinity  of  the  walls  of  the  vessel. 

The  process  of  evaporation  is  much  less  rapid  in  presence  of  a  gas,  than 
when  it  takes  place  in  a  vacuum ;  ownng  to  the  resistance  Opposed  by  the 
pressure  of  the  gas  to  the  disengagement  of  vapour. 

The  same  law  a})|)lies  for  determining  the  pressure  of  a  mixture  of  gas  and 
vapour,  when  the  (juantity  of  vajjour  falls  short  of  the  condition  of  saturation. 

Air  is  said  to  be  saturated  with  moisture  when  the  moisture  or  vapour  it 
contains  is  itself  in  the  condition  of  saturation,  or  o£  majdmum  density  due 
to  the  temperature  of  the  air. 

HYGROMETRY. 

The  condition  of  the  au-  with  resj)ect  to  moisture  is  called  its  humidity, 
or  its  relative  humidity.  The  degree  of  humidity  is  ex])ressed  as  a  per- 
centage of  that  due  to  the  state  of  saturation  for  the  temperature.  For 
example,  if  the  pro^jordon  of  moisture  in  the  atmosphere  is  just  half  that 
which  it  contains  when  saturated,  the  relative  humidity  is  50  per  cent,  or  50. 

J?ew  Point. — WTien  atmospheric  air  containing  aqueous  vapour  is 
gradually  cooled,  the  temperatture  of  the  vapour  is  lowered  whilst  its  density 
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is  increased,  until  the  vapour  arrives  at  its  maximum  density  for  the  corre- 
sponding temperature.  If  cooled  below  this  temperature,  a  part  of  the 
vapour  is  condensed  and  precipitated  as  dew.  Hence  this  particular 
temperature  is  called  the  dew-point;  and  it  is  different  for  different 
degrees  of  humidity.  The  dew-point  is  no  other  than  the  temperature  of 
saturated  steam,  which  has  arrived  at  its  maximum  density  in  the  course 
of  contraction  by  cooling,  whilst,  reversely,  its  temperature  has  been 
lowered. 

HYGROMETERS. 

Daniell's  hygrometer,  Fig.  123,  is  an  instrument  of  great  precision  for 
ascertaining  the  dew-point.  It  consists  of  a  bent 
tube  with  a  globe  at  each  end,  and  it  is  partly  filled 
with  ether.  The  rest  of  the  space  is  occupied  with 
vapour  of  ether,  the  air  having  been  expelled.  One 
of  the  globes,  a,  contains  a  thermometer  /.  This 
globe  is  generally  made  of  black  glass,  which  pre- 
sents a  brilliant  surface.  To  use  the  instrument, 
the  whole  of  the  liquid  is  first  passed  into  the  globe 
A,  and  then  the  other  globe  b,  which  is  covered 
with  muslin,  is  moistened  externally  with  ether. 
The  evaporation  of  this  ether  from  the  muslin 
causes  a  partial  condensation  of  vapour  of  ether  in 
the  interior  of  the  globe,  which  produces  a  fresh 
evaporation  from  the  surface  of  the  liquid  in  a,  thus 
lowering  the  temperature  of  that  part  of  the  instru- 
ment. By  carefully  watching  the  surface  of  the  globe,  the  exact  moment 
of  the  deposition  of  dew  may  be  ascertained,  and  then  the  temperature  is 


Fig.  123. 
Daniell's  Hygrometer. 


Fig.  124.— RegnauU's  Hygrometer. 

read  on  the  inclosed  thermometer.  This  temperature  is  a  little  lower  than 
the  dew-point.    If  the  instrument  be  now  left  to  itself,  the  exact  moment 
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of  the  disappearance  of  the  dew  may  be  observed,  when  the  thermometer 
shows  a  temperature  a  little  above  the  dew-point.  The  mean  of  the  two 
observed  temperatures  is  taken  as  the  dew-point,  and  the  tem])erature  of 
the  external  air  is  shown  by  a  thermometer  /'  attached  to  the  stand. 

Regnault's  hygrometer,  Fig.  1 24,  consi.sts  of  a  glass  tube  closed  at  the 
bottom  by  a  very  thin  silver  cup  d,  and  at  the  top  by  a  cork,  through 
which  the  stem  of  a  thenDOmeter  t  is  passed,  and  a  gUuB  tube  t*  open  at 
both  ends.  The  lower  end  of  the  tube  and  the  bulb  of  the  thermometer 
dip  into  ether  contained  in  the  silver  cup.  The  tube  D  is  connected  by 
the  tube  uv  with  the  inspirator  a,  which  contains  water.  When  the  water  is 
allowed  to  escape  from  the  bottom,  a  ciirreiu  of  air  is  drawn  through  the 

ether,  by  agitating  which  the  current  maintains 
a  uniformity  of  teinj)crature  in  it.  'i'he  coUl  pro- 
duced by  evaporation  speedily  causes  a  deposition 
of  dew ;  and  by  the  inverse  action  the  dew  dis- 
appears. The  mean  of  the  temperatures  observed 
at  the  same  times  is  the  dew-point  The  other 
tube  1/  is  not  in  connection  with  the  aspirator, 
and  it  contains  n  thermometer  to  measure  the 
temperature  of  the  external  air.  Alcohol  may  be 
used  instead  of  ether. 

The  wet  and  dry  bulb  tiiermometer,  also  known 
as  Mason's  thermometer,  Fig.  125,  is  in  general 
use.  It  consists  of  two  thermometers  precisely 
alike.  The  bulb  of  one  is  covered  with  muslin, 
which  is  kept  moist  by  means  of  a  cotton  wick 
leading  from  a  glass  of  water.  The  evaporation 
from  the  moistened  bulb  lowers  the  temperature 
of  it,  and  the  difference  of  the  temperatures  read 
on  tiie  two  thermometers  increases  with  the  dry- 
ness of  the  air.  The  indications  of  the  two 
thermometers  are  interpreted  by  means  of  tables 
specially  composed.^ 

llie  pressure  and  density  of  saturated  vapour, 
at  temperatures  ranging  firom  the  freezing  point 
to  the  boilii^  point,  under  atmospheric  pressure, 
have  been  given  in  table  No.  127,  page  386. 
The  temperatures  may  be  called  the  dew-points  of  the  steams  of  the 
corresponding  densities. 

Properties  of  Saturated  Mixtures  of  Air  and  Aqueous  Vapour. 

The  leading  properties  of  saturated  mixtures  of  air  and  aqueous  vapour, 

under  a  constant  pressure  of  one  atmosphere,  or  14.7  lbs.  per  square  inch, 
at  iinal  teini>eratures  or  dew-points  ranging  from  32''  to  312°  F.,  are  given 

in  table  No.  130. 

The  second  and  third  columns  give  the  total  pressures  of  the  vapour  and 
the  air,  in  saturated  mixtures,  at  the  temperatures  given  in  the  first  column. 
The  sum  of  any  pair  of  these  pressures  is  equal  to  14.7  lbs.,  or  one  atmos- 

*  These  notices  of  hygrometers  are  derived  from  Deschanel's  Natural  Philosophy^ 
Ei^i^  edidon.   Blsdck  &  Son,  Limited. 


Fig.  125. 
Wet  and  Dry  Thermometen. 
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phcre :  they  are  complementary  to  each  other.  At  32**,  for  example,  the 
pressure  of  the  vapour,  .089  lbs.  + 14.61 1  lbs.,  the  pressure  of  the  air 
mixed  wiih  it, « 14.7  lbs.;  and  at  210%  the  sum  of  the  pressures,  14.126+ 
.574,  is  also  equal  to  14.7  lbs. 

Columns  4  and  5  give  the  respective  weights  of  vapour  and  air  in  100 
cubic  feet  of  the  saturated  mixture,  the  sum  of  which,  or  the  total  weight  of 
the  mixture,  is  given  in  column  6. 

Col  umns  7,  8,  9,  give  the  (juantities  uf  heat  reckoned  from  32°  F.  in  100 
cubic  feet  of  the  vapour,  the  air,  and  the  mixture,  respectively.  The  (juan- 
tity  of  heat  in  the  vapour  is  found  by  multiplying  the  (quantity  of  heat  in 
one  pound  of  vapour,  as  given  in  column  10,  by  the  weight  of  the  vapour 
in  column  4,  of  the  present  table. 

For  example,  the  toud  heat  of  one  pound  of  saturated  vapour  at  32°  F. 
is  1 091.2  units,  and  the  weight  of  100  cubic  feet  of  the  vapour  is  .031  lb.: 
then 

1091.2  X  .031  =33.8  units  of  heat, 

which  is  the  quantity  of  heat  in  the  vapour  given  in  the  fourth  column. 
The  quantities  of  heat,  column  10,  are  copies  of  the  fourth  colunm  of 

table  No.  127,  page  386,  which  are  expressions  of  the  quantity  of  heat  in 
one  pound  of  vapour,  reckoned  from  32°  as  the  initial  temperature  of  the 
water  converted  into  vapour. 

The  quantity  of  heat  in  the  air,  column  8,  is  found  by  multiplying  the 
specific  heat  of  air,  .2377,  b^  the  number  of  degrees  of  the  temperature  in 
excess  of  32"^,  and  by  die  wei^^t  of  100  cubic  feet  given  in  d&e  fifth  column. 

The  total  heat  in  the  mixture,  column  9,  is  die  sum  of  the  heats  in 
columns  7  and  8. 

The  quantity  of  dry  air,  column  11,  required  for  one  pound  of  vapomr, 
in  saturated  mixture  with  it,  is  found  by  dividing  the  weight  of  air,  column  5, 
by  the  relative  weight  of  vapour,  column  4.  The  volume  at  62^  F.  of 
the  air,  column  12,  is  found  by  multiplying  the  weight  in  column  11,  by 
13. 141  feet,  the  volume  of  one  pound  of  air  at  62°. 

The  thirteenth  column  of  the  table  gives  the  initial  temperature  to  which 
the  quantities  of  dry  air  given  in  columns  11  and  12,  would  require  to  be 
raised,  in  order  to  provide  a  sufficient  quantity  of  heat,  if  applied  to  the 
water  at  32^,  to  evaporate  it,  and  to  form  a  saturated  mixture  at  each  of  the 
temperatures,  given  in  column  i.  The  product  of  the  weight  of  air,  col.  1 1, 
by  the  specific  heat,  is  equal  to  the  number  of  units  of  heat  absorbed 
by  the  air  for  one  degree  elevation  of  temperature.  If,  therefore,  the 
quantity  of  heat  in  one  pound  of  vapour,  column  10,  be  divided  by  the 
weight  of  air,  column  1 1,  and  by  the  specific  heat  of  air,  .2377,  the  quotient, 
plus  the  final  temperature  of  the  saturated  mixture,  as  given  in  column  i,  is 
the  required  initial  temperaUire. 

By  following  the  same  directions,  the  various  values  may  be  found  for 
any  other  final  temperature  of  saturated  mixture;  and,  inversely,  the  final 
tempemtuie  may  be  found  for  any  given  initial  tempemture. 
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j  Required  ini 
lial  tempera- 
ture of  the  dry 
1  air  to  evapo- 
rate I  lb.  of 
moisture  in 
sacuraieo  mix* 
1  ture. 

0 

Cn          too    vOtot^oor^    nloo-^do  OOioO 

•a  ^  mo  »*»oo       »H  *^jo  CO       0  w  I-  to   <oco  cn  on 

f.                                                                        •^       -         •                       •         '                  »        r             .~                          IK  1 

«  Mi-i-<MMC>tto^iOt»NO>rO 

Quantity  of  dry  air  rc- 
!  quired  for  i  lb.  of  vapour, 
in  saturated  mixture. 
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-*  ei  0  Ov           m^^coo    mmmmq  OOOOO 

Qtiantitv  of 
heat  in  i  lb.  of 
vapour,  reck- 
oned from 
waierat  32'  F 

0  to  1-  0  Hj    \0  N  r>»  M          fOOO  tOOO  ^     ON  ^  OV  m  w 
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Quantity  of  heat  in  100  cubic  feet, 
reckoned  from  32'  F.  (water  at  32* 
for  vapour). 

Saturated  1 
mixture 
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The  combustil)le  elements  of  fuel  are  carbon,  hydrogen,  and  sulphur. 
There  are  other  elements  in  fuel — nitrogen,  water,  and  solid  incombustible 
matter — which  do  not  take  part  in  combustion.  Fuel  is  burned  with 
atmospheric  air,  of  which  the  oxygen  combines  with  the  combustible 
matter,  whOst  the  nitrogen  remains  neutraL  The  combining  proportions 
of  the  elements  concerned  in  or  about  combustion  are  given  in  table 
Na  131: — 

Table  No.  131. — CoMPOsmoN  and  Combining  Equivalents  of  Gases 

CONCERNED  IN  THE  COMBUSTION  OF  FUEL.    (OlD  NOMENCLATURE.) 


Gases. 


Elements  :— 

Oxygen,  

Hydrogen,.... 

Carbon,  

Sulphur,  

Nitrogen,  


Compounds  :— 
Light  Carburetted  Hy- 
drogen,   

Olctiant  Gas,  

Atmospheric    Air  (me- 
chanical mixture),  

Carbonic  Oxide,.  \ 

Carbonic  Acid,  

Aqueous     \'apour  or 
Water,  


Sulphurous  Acid,. 


of  the 


EquivtlMtt. 


Oxygen, 
Hydrogen, 

Carbon, 
Sulphur, 
Nitrogen, 


Carbon,  2 

Hydrogen,  4 

Carbon,  4 

Hydrogen,  4 

Oxygen,  23 
N  itrogen,  77 

Oxygen,  i 

Carbon,  i 

Oxygen,  2 

Carbon,  i 

Oxygen,  I 

Hydrogen,  i 

Oxygen,  3 

Sulphur,  I 


Combining  Equivaients. 


By  Weight 


12 

4 
24 
4 

8) 
26.8  ( 
8^ 
6 
16 
6 
8 
1 

16 
16 


By  Measure. 


One  Vohune  m  Q 


8 

16 
14 


16 

28 
34.8 
14 
22 

9 
33 


□ 

□ 

□ 


CD 


1  = 


a 

m 

a 

□  (ideal) 
□ 

□  (ideal) 
a 

□ 

□  (ideal) 


 m 

approximatdy 

}  -□ 

=  □ 

-  □ 

-  □ 


'I'he  volume  of  one  pound  of  the  principal  gases  at  62°  F.,  under  one 
atmosphere  is  as  follows: — 
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Gas  at  6a*  F.  Om  Foima 

OibicJeei. 

Ox'vgen   11.887 

Hydrogen,   1 90.000 

Nitrogen,   13501 

Air,   13- 141 

Caibonic  Acid   ^.594 

Aqueous  Vapour,  as  Gaseous  Steam,   31.125 

Sulphurous  Acid,   5.848 

The  source  of  oxygen,  as  the  supporter  of  the  combustion  of  fuel,  is 
atmospheric  air,  which  consists  of  oxygen  and  nitrogen  in  mechanical 
combination,  in  the  proportion  of  8  to  26.8;  or  i  lb,  of  oxygen  to  3.35 
lbs.  of  nitrogen;  or,  by  volume,  I  cubic  foot  of  oxygen  to  3.76  cubic 
feet  of  nitrogen. 

For  everv'  pound  of  oxygen  employed  in  combustion,  4.35  lbs.  of  air  are 
consumed ;  or,  by  measure,  lor  every  cubic  foot  of  oxygen  employed  in  com- 
bustion, 4.76  cubic  feet  of  air  are  consumed.  For  the  combustion  of  one 
pM[>und  of  hydrogen,  of  carbon,  and  of  sulphur,  therefore,  the  quantities  of 
air  chemically  consumed  are  as  follows: — 

^^^A   * 

VIM  rXWmL 

Hydrogen  consumes  34.8  lbs.,  or  457  cubic  feet,  of  air  at  62^ 

Carbon,  completely  burned,  1  ,  a  ik«        .        a  i 

^  >  II. 6  lbs.,  or  152      do.  do. 


consumes  ) 

Carbon,    partially   burned,  )    ^  0  lu.  ^ 
consumes....   (  5-8  lbs.,  or  76 

Sulphur  consumes  4.35  lbs.,  or  57 


do.  do. 

do.  do. 

The  process  of  theu:  combustion  is  indicated  in  the  following  tablets:— 


Products. 


Combustion  of  Hydrogen. 

Elements.  Pr(>ce<;<;. 

pound  hydrogen,  hydrogen,  i    j  ound,  )        rounds  water 

f  oxygen,      8    pounds,/  ^    pounds  water. 

 (  nitrogen,  26.8  pounds,... 2 6. 8  pounds  nitrogen. 


34.8  pounds  air, 


35.8 


8 


Complete  Combustion  op  Carbon. 
I    pound  caibon, ..carbon,  i     pound...  I  ^'      i  ^ 

.  ..6  pTunds  air....  I  ^  /  ''"t 

i.u  i^uuiiUD        ^  jjiijpQg^       pounds,  ...8.94  pounds  mtiogen. 


12.6 


12.6 


12.6 


Combustion  of  Sulphur. 

pound  sulphur,., sulphur,  i      pound  )  ^      %  * 

^  ^    '     ^  ^         >  3     pounds  sulphurous  aad. 


4.35  pounds  air,...  I  '     ^^^""4  ^       '        "  ^  "  ' 

foa  1^         >    I  mtrogen,  3.35  pounds... 3.35  pounds  mtrogen. 


pound 


5-35 


5*35 


5*35 
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AIR  CONSUMED  IN  THE  COMBUSTION  OF  FUELS. 

Fuels  aie,  for  the  most  part,  compoutids  of  carbon,  hydrogen,  sulphur, 
and  oxygen,  in  various  proportions;  and  to  form  a  calculation  of  the 
quantity  of  air  chemically  consumed  in  the  comlMistion  of  a  fuel,  the  several 
quantities  required  for  each  combustible  element  of  the  fuel  are  to  be 
calculated.  When  oxygen  is  present  as  a  constituent  of  a  fuel,  it  exists  in 
combination  with  a  poruuii  of  hydrogeu  ai>  water,  in  solid  fuels  at  least; 
and  in  any  fuel,  liquid  or  solid,  the  combined  oxygen  and  hydrogen  are 
driven  off,  in  the  process  of  combustion,  as  water  or  steanL  Such  portion 
of  the  constituent  hydrogen,  therefore,  as  is  thus  driven  off,  already  satur- 
ated with  oxygen,  is  to  be  excluded  from  the  calculation  for  the  quantity  of 
air  necessary  to  consume  the  remainder  of  the  hydrogen,  and  the  carbon 
and  sulphur.  Let  the  constituents  of  the  fuel  be  expressed  proportionally 
as  percentages  of  the  total  weight  by  their  initials  C,  H,  O,  S,  respectively ; 
then  the  volume  of  air  at  62°  F.  chemically  consumed  in  the  combustion 
of  one  pound  of  a  fuel,  is  expressed  for  each  combustible  as  follows : — 

Cubic  fecia 

For  the  carbon,  153  C  100. 

For  the  hydrogen,  457  (H  -  ^)  -s- 100. 

For  the  sulphtu',   57  S-?- 100. 

The  quantity  O  signifies  the  deduction  to  be  made  from  the  constituent 

hydrogen,  for  that  portion  which  forms  steam  with  the  constituent  ox}gen, 
being  equal  in  weight  to  one-eighth  part  of  the  weight  of  the  oxygen.  The 
total  volume  of  air  is  ttic  sum  of  these  three  items:— 

152  0  +  457  (H-Q)  +  57  S 
100 

Putting  A  for  the  total  volume  of  air  at  62^,  and  reducing — 

i52(C  +  3(H-0)  +  .4S} 

A  =  ,  or 

100 

A=i.52  (C  +  3(H-0)  +  .4  S)  (i) 

Rule  1. — 2o  Jitid  t/u  quantity  0/  air  at  62°  u/iJcr  one  atmosphert\ 
chemically  consumed  m  the  complete  combustion  of  otu  pound  of  a  givm  fuel. 
Let  the  constituent  carbon,  hydrogen,  oxygen,  and  sulphur,  be  expressed 
as  percentages  of  the  whole  weight  of  the  fuel;  divide  the  oxygen  by  8, 
deduct  the  quotient  from  the  hydrogen,  and  multiply  the  remainder  b>  3 ; 
multiply  the  sulphur  by  0.4  ;  add  these  two  products  to  the  carbon,  and  mul- 
tiply the  sum  by  1.52.    The  final  product  is  the  (Quantity  of  air  in  cubic  feet. 

To  find  the  weight  of  the  air  chemically  consumed,  divide  the  volume 
thus  found  by  13.14;  the  quotient  is  the  weight  of  the  air  in  jiounds. 

Note. — In  making  ordinary  approxuiiate  calculations,  the  sulphur  may  be 
omitted. 

Quantity  of  the  Gaseous  Products  ok  the  Complete  Combustion  of 
One  Pound  of  Fuel.  £y  Weight. 

Pbond.  Pounds.  Pounds. 

I  caibon,  and    2.66  oxygen,  form  3.66  of  carbonic  acid. 

I  hydrogen,  and  8     oxygen,  form  9     of  steam. 

I  sulphur,  and   i     oxygen,  form  2     of  sulphurous  add. 
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GASEOUS  PRODUCTS  OF  COMBUSTION.  4OI 

Then  in  the  combiisdon  of  one  pound  of  fuel  the  weights  of  the  producti 
aie  as  follows: — 

3.66  C  -i- 100  =  .0366  C  =  the  weight  of  carbonic  acid  (  a  ) 

9H-?-ioo=    .09  H- the  weight  of  steam  (d) 

2  S  -i- 100  =    .03  S  =  the  weight  of  sulphurous  add.  (c) 

To  this  is  to  l)e  added  the  weight  of  atmospheric  nitrogen  separated  from 
the  oxygen  chemically  consumed,  and  the  weight  of  the  constituent  nitrogen, 
N,  of  the  fuel  The  quantity  of  atmospheric  nitrogen  is  3.35  times,  by 
weighty  ^at  of  the  oxygen  consumed;  and, 

Poand.  Pounds. 

For  I  carbon  there  are    2.66  x  5.35  =  8.93  nitrogen. 

For  I  hydrogen  there  are  8  x  3.35  -  26.8  do. 
For  I  sulphur  there  are       i  x  3.35  =  3.35  do. 

Multiply  each  of  these  quantities  by  their  respective  percentages  of  combus- 
tible, and  divide  by  100;  the  sum  of  the  quotients  is  the  weight  of  nitrogen 
separated  from  the  atniosj)heric  oxygen  consumed.  To  this  is  to  be  added 
the  constituent  nitrogen  of  tlie  fuel: — 

8.9:5  C  ^  ICO  =  .0893  C. 
26.8  H- 100-  .268  H. 
3.35  S  :  1 00 -.0335  S. 
N    100  ^    .01  N. 

Thus,  the  total  weight  of  nitrogen  is  equal  to 

(.0893  C-f  .268  H  +  .0335  S+.01  N)  (a) 

Add  together  the  total  weights  of  carbonic  acid,  steam,  sulphurous  acid, 
and  nitrogen  above  noted,  and  put  w  for  the  total  weight  of  the  gaseous 
products  of  combustion,  then — 

tt'-.o366  C  +  .  09  H  +  .  02  S  +  (.o893  C  +  .268  H-f  .0335  S  +  .oi  N); 
ortt/=  .126  C  +  .358  H  +  .053  S  +  .oi  N  (2) 

RuvE  a. — To  find  the  Mai  weight  of  the  gaseous  products  of  the  eompkte 
ambustion  of  one  pound  of  a  fuel.  Let  the  elements  be  expressed  as  per- 
centages of  the  fuel;  multiply  the  carbon  by  0.126,  the  hydrogen  by  0.358, 
the  sul[>hur  by  0.053,  and  the  nitrogen  by  .01,  and  add  toL^ether  those  four 
products.    The  sum  is  the  total  weight  of  the  gases  in  pounds. 

Note. — The  weight,  in  pounds,  of  the  carbonic  acid,  separately,  may  be 
found  from  the  quantity  ((/),  above;  that  of  the  steam  from  (^),  that  of 
the  sulphurous  acid  from  (^),  and  that  of  the  nitrogen  from  (^). 

2.  By  Volume, 

Multiply  the  weight  of  each  gaseous  product,  {p\  (^),  (</),  by  the 
volume  of  one  pound  in  cubic  feet  at  62°  F.,  page  399.  Then 

Cubic  feet. 

.0366  C  X     8.59  =  .315  C  =  Volume  of  the  carbonic  acid   (f) 

.09  H     X  21.125  =  1.9  H     "Volume  of  the  steam    (/) 

.02  S     X     5.85     .117  S    Volume  of  the  sulphurous  acid...  (^) 
(.0893  C+  .268  II +  .0335  S  +  .oi  N)   X  13.5 
(1.206  C  -1-3.618  H-h.45  ^    +**35  N)  =  Volume  of  the  nitrogen...  (//) 
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Adding  together  and  reducing,  and  putting  V^the  total  volume  of  the 
gases, 

V  =  i.52  C  +  5.52  H+.567  S  +  .135  N  (3) 

Rule  .  3. — To  find  the  Mai  voiunu^  at  62*,  of  the  gaseous  prodiuts  of  the 
complete  eombustion  of  one  pound  of  fuel.  Let  the  elements  be  eiqpressed  as 
percentages;  multiply  the  carbon  by  r.52,  the  hydrogen  by  5.52,  the 
sulphur  by  .567,  and  the  nitrogen  by  .135,  and  add  together  the  four 
products.  The  sum  is  the  total  volume,  at  62"  F.,  of  the  gms,  in  cubic 
feet. 

A^ofi\ — The  volume  of  the  several  gases  separately  may  be  found  from 
the  respective  quantities  (t),  (/),  {g)^  {/i). 

The  volume  of  the  gases  at  higher  temperatures  than  62**  F.  is  found  by 
the  formula  (2),  page  347 ;  namdfy, 

As  /s  62%  this  fonmila  becomes,  for  present  purposes, 

v'-v^-J#i  (s> 

and  it  appears  that  the  initial  or  normal  volume,  as:  at  62%  under  one 

atmosphere,  is  doubled  when  the  temperature  is  raised  523*  higher;  and 
that  ^e  expianded  volume  at  an>  other  temperature  in  proportion  to  the 
normal  volume,  is  found  by  adding  461  to  the  temperature,  and  dividing 
the  sum  by  523. 

Surplus  Air. 

If  the  quantity  of  surplus  air  that  enters  the  furnace  and  passes  away 
unconsumed,  be  expressed  as  a  percentage  of  the  air  chemically  consumed, 
it  is  found  direct!]^  from  the  latter  when  this  is  known.  If  tiie  volume  is 
given,  the  weight  is  found  by  dividing  the  volume  at  62^  in  cubic  feet  by 
13.14. 

HEAT  EVOLVED  BY  THE  COMBUSTION  OF  FUEL. 

From  the  experimental  investigations  of  MM.  Favre  and  Silbermann,  the 
total  quantities  of  heat  evolved  by  the  combustion  of  one  pound  of  some 
combustibles  with  oxygen  were  determined  as  follows: — 

Simple  Bodies.  Uniti  ofheat. 

Hydrogen   62,032 

Carbon — \A'ood  charcoal,  thoroughly  calcined   i4«544 

Sugar  charcoal   14,470 

(ias-coke   1 4^485 

Graphite,  from  blast-furnaces   13.972 

Natural  graphite   1 4,033 

Diamond  (pure  carbon)   13,986 

Sulphur   4,032 
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Compound  Bodies. 

Carbonic  oxide   4^325 

Light  carburetted  hydrogen   23,513 

Olefianc  gas   2if343 

Sulphuric  ether   16,349 

Alcohol   i3»939 

Turpentine   I9»534 

Sulphuret  of  carbon   6,120 

Wax   18,893 


The  chemical  composition  of  the  compound  bodies  above  cited  is  as 
follows,  and  there  is  added  the  compoation  of  a  few  other  combustibles: — 


Table  No.  132. — Chemical  Composition  of  Compound  Combustibles. 


Combustible. 

Combii^Qf  equivalents. 

la  too  parts  by  wet^t. 

Carbon. 

Hydrogen. 

Oxygen. 

Carbon. 

1 

Hydrogen. 

Oxygen. 

per  oenL 

perosnt. 

Carbonic  oxide  

I 

I 

4a.9 

5M 

Light  carburetted ) 

25.0 

2 

4 

75-0 

defiant  gas  

4 

4 

85.7 

14-3 

4 

5 

I 

64.8 

13-5 

21.7 

6 

2 

52.2 

13.0 

34.8 

Turpentine  

20 

16 

88.2 

11.8 

Wax  

81.6 

13.9 

4.5 

77.2 

134 

9.4 

79.0 

1 1.7 

9^3 

The  heating  powers  of  the  compound  bodies  are  approximately  equal  to 
the  sum  of  the  heating  powers  of  their  elements.  Peclet  gives  a  number  of 
examples  in  proof  of  this.    Take  light  carburetted  hydrogen,  which  consists 

of  two  equivalents  of  carbon  and  four  of  hydrogen,  weighing  respectively 
2x6  =  12  and  I  X  4  =  4,  in  the  proportion  of  3  to  i ,  or  3^  lb.  of  carbon  and 
lb.  of  hydrogen  in  one  pound  of  the  gas.    The  elements  of  the  heat  of 
combustion  of  one  pound  are,  then, 

Units  of  heat. 

For  the  carbon   I4>544  ^  H  -  10,908 

For  the  hydrogen  62,032  x  )^  =  i5>5o8 

Total  heat  of  combustion,  calculated   26,416 

Total  heat,  by  durect  trial   23,5 13 

Excess  by  calculation   2,903 

Alcohol  has  4  of  carbon,  6  of  hydrogen,  and  2  of  oxygen.  Al)slracting  the 
proportion  of  hydrogen  neutralized  by  the  oxygen,  there  are  to  be  dealt 
with,  4  of  carbon,  4  of  hydrogen,  and  2  of  water,  the  weights  of  which  are 
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as  24,  4,  and  18;  total  46  The  quantities  of  heat  evolved  in  the  combus^ 
tion  of  one  pound  of  alcohol  are,  therefore, 

Units  of  heat. 

For  the  carbon   14»S44  ^  'V46  =  75^8 

For  the  hydrogen  62,032  x  4/^6=  5394 

Total  heat  evolved,  calculated   12,982 

Total  by  direct  trial   i^>9^9 

Excess  as  calculated   53 

Olive  oil  consists,  in  100  parts,  of  77.2  carbon,  13.4  hydrogen,  and  9.4 
oxygen;  or  77.2  carbon,  12.2  hydrogen,  and  10.6  water.  The  heat  of 
combustion  is,  by  calculation, 

Units  of  heat. 

For  the  carbon  i4»544  ^       100  =  11,228 

For  the  hydrogen  62,032  x  "  Vioo  =  7»568 

Total  heat   18,796 

Tallow  consists  of  79  carbon,  n.7  hydrogen,  and  9.3  oxygen,  in  100  parts; 
or  79  carbon,  10.54  hydrogen,  and  10.46  water.  The  heat  of  combustion 
is,  by  calcuk^on, 

'  Units  of  heat. 

For  the  carbon  14.544  x  'Vioo     =   1 1,490 

For  the  hydrogen  62,032  x  '«»^/,oo  =  6,538 

Total  heat   18,028 

The  successive  evolvements  of  heat  in  burning  carbon, — when  carbonic 
oxide  is  formed,  and  when  it  is  converted  into  carbonic  acid» — are 
deduced  from  the  fact  that  one  pound  of  carbonic  oxide,  when  burned  with 
oxygen  to  form  carbonic  acid,  evolves  4325  units  of  heat.  As  the  oxide 
consists  of  6  of  oxygen  to  8  of  carbon,  a  pound  of  it  contains  Vi4ths  of  a 
pound  of  carbon,  the  combustion  of  which  has  produced  4325  units  of  heat 
in  the  same  ratio,  one  pound  of  carbon,  as  carbonic  oxide,  would  evolve 

4325  10,092  units  of  heat 

in  being  converted  from  oxide  into  acid.  Therefore,  the  heat  of  complete 
combustion,  r4,544  units,  minus  10,092  =  4452  units,  is  the  heat  evolved  in 

the  conversion  of  the  carbon  into  the  oxide,  and  the  successive  develop- 
ments of  heat  by  the  combustion  of  one  pound  of  carbon  are  as  follows: — 

Units  of  heat. 

In  the  first  stage,  fomiing  carl)()ni(  oxide   4>45^i  or   3°  per  cent 

In  the  second  stage,  forming  carbonic  acid...  10,092,  or   70  „ 

Heat  evolved  by  complete  combustion...  14,5449  or  100  „ 


Table  of  the  Heating  Powers  of  Combustibles. 

rhe  c\[>erimental  results  of  MM.  Favre  and  Silbcrnuiiin  arc  adopted 
with  some  slight  revision,  recommended  by  M.  Peclet,  in  table  No.  133, 
column  5.  The  weight  of  oxygen,  column  2,  is  calculated  from  the  known 
equivalents  and  weights  of  the  elements,  as  given  in  table  No.  131,  page  398. 
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The  weight  of  air,  column  3,  is  4.35  times  the  weight  of  oxygen,  cohmm  2, 
and  the  volume  of  air  at  62°,  column  4,  is  13.14  times  the  w  eight,  column  3. 
The  equivalent  evaporative  power,  cdtmins  6  and  7,  is  exfnessed  by  the 
weight  of  water  evaporable  at  212*^  by  one  pound  of  combustible— ^rst,  if 
supplied  at  62°  F.,  by  dividing  the  total  heat  of  combustion,  column  5,  by 
1116'',  which  is  the  total  heat  of  atmospheric  steam  raised  from  water 
supplied  at  62*^;  second,  if  supplied  at  212''  F.,  by  dividing  by  966**,  the 
totad  heat  of  atmospheric  steam  raised  from  water  suppUed  at  212°. 

Table  No.  133. — ^Total  Heat  Evolvbd  by  Combustibles  and  their 
Equivalent  Evaporative  FofwsR,  with  the  Weight  of  Oxygen 
AND  Volume  of  Air  Chemically  Consumed. 


ConbuKiblck. 


s  pound  wdgbt 

Hydrogen  

Carbon,    making ) 

carbonic  oxide...  ) 
Carbon,    making  1 

carbonic  acid....  / 

Graphite   

Carbonic  oxide  .... 
Light  carburetted  1 

hydrogen  f 

Bi-carburetted  iiy-  j 

drogen,orolefiant  > 

gas  ) 

Sulphuric  ether .... 

Alcohol  

Turpentine  

Sulphur  

Wax  

OUve  oil  

Tallow  

( Supplemmtary. ) 
Coal,  of  average  ) 

composition  / 

Coke,  desiccated . . . 

Wood,  desiccated.. 
Wood-charcoal,  ) 

desiccated  / 

Peat,  desiccated ... 
Peat-charcoal,  1 

desiccated  j 


Weight  of 

oxygen 
consumed 
per  lb.  of 
combustible. 


Ibn 

8.0 

1-33 

2.66 

2.66 

0-  57 
4.0 

3-43 

2.60 

2.78 

329 
1. 00 

3-24 
3-03 

2.46 

2.50 
1.40 

2.25 

1-  75 
2.28 


Quantity  of  air 
consumed  per 

pound  of 
combustible. 

1 

Total  heit 
of  combustion 
of  I  prtund  of 
combustible. 

Equivalent  evr\iinr,»ti\ c 
1    power  of  I  iMiiiiiil  of 
combu-tiMc.  iinilcr  une 
atmoiiphere,  at  aia'. 

lbs. 

34-S 

cubic 
feet  at 

457 

62,032 

Dounda 

sr%was*%«v 

1  M  water 
\    at  6a'. 

55.6 

of  water 

at  3i2\ 

64.20 

5.8 

76 

4»452 

1 

4.0 

4.61 

1 1.6 

152 

14,500 

13.0 

15.0 

11.6 

2.48 

152 

33 

14,040  j 
4,325  1 

12.58 
3.88 

14-53 
4.48 

17.4 

229 

23,513 

2r.o7 

24.34 

ICO 

f  0^ 

21,343 

"•3 

12. 1 

14-3 

4-35 
14,1 

13.2 

12.83 

149 

188 

57 

173 
169 

16,249 
12,929 

i9»534 
.  4,032 
18,893 
18,796 
18,028 

14.56 
1  11-76 

17-50 
1  3-61 
1  16.93 
1  16.84 

16.15 

16.82 

13-38 
20.22 

417 
19.56 

19.46 

18.66 

10.7 

141 

14,133 

12.67 

14.62 

10.9 
6.1 

143 
80 

13,550 
7,792 

■ 

12.14 
6.98 

14.02 
8.07 

9.8 

129 

12,696 

\  H.38 

13-13 

7.6 

ICQ 

9,951  ; 

i  8.91 

10.30 

9.9 

1 

129 

1 

",325 

■ 

I  11.04 

12.76 
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From  the  table,  it  appears  that  when  caibon  is  not  completely  burned, 
and  becomes  carbonic  oxide,  it  produces  less  than  a  third  of  the  heat 
yielded  when  it  is  completely  burned.  For  the  heating  power  of  carbon 
an  average  of  14,500  units  will  be  adopted.    The  heating  power  of 

hydrogen  is  about  four  and  a  quarter  times  that  of  carbon. 

The  calculation  for  the  heating  power  of  a  combustible  may  be  reduced 
to  a  simple  lormula.  Let  C,  H,  O,  and  S  rej)resent,  as  before,  the  per- 
centages of  carbon,  hydrogen,  oxygen,  and  sulphur,  in  100  parts.  The 
elcincnib  of  the  heat  evolvuble  are  as  follows: — 

Of  the  carbon  14,500  C  ^  100. 

Of  the  hydrogen,  62,032  (  H  -  ^)-i-ioo. 

Of  the  sulphur,   4>o3a  S-i- 100. 

The  quantity  ^  is  a  deduction  made  from  the  hydrogen  to  satisfy  the 

constituent  oxygen  of  the  fuel:  being  an  eighth  of  the  weight  of  the 
oxygen.   The  total  evolvable  heat  is 

14,500  C  +  62,032  (  H  -  J)  +  4032  S 

 .  ,  or 

100 

14,500  €  +  (14,500x4.28  (H-^))  +  (i4,5oo}(.28  S) 

100  ' 

or,  putting  h  for  the  total  heat, 

^  =  145  (C  +  4.28(H-§)  +  o.28S)   (6> 

Rule  4. — To  find  the  Mai  heating  power  of  one  pound  of  a  cmbusttble^  of 
which  the pc-nr/i/a^t  s  of  tfu  constituent  carbon^  hydrogen^  oxygen,,  and  stUphur 
are  given.  From  the  hydrogen  deduct  one-eighth  of  the  oxygen,  and 
multiply  the  remainder  by  4.28;  multiply  the  sulphur  by  0.2S  ;  arid  the 
two  products  to  the  carbon;  and  multij)ly  the  sum  by  145.  The  tlnal 
product  is  the  total  heating  power  of  one  pound  of  the  combustible,  in 
units  of  heat. 

A'ote. — The  item  of  sulphur  as  a  combustible  may  be  ignored  in  cal- 
culations for  ordinary  purposes. 

Dividing  the  second  member  of  the  formula  (6)  by  iii6%  the  total  heat 
of  steam  at  212^  raised  from  water  at  62^;  or  by  966**  if  the  water  be 
supplied  at  2 1 2";  the  quotients  express  the  equivalent  evaporative  power  of 
the  combustible.  Putting  <rfor  the  evaporative  power,  in  pounds  of  water 
per  pound  of  combustible, — 

<?=  o.  13  (C  +  4.28  ( H  -  O) +0.28  S),  (  7  ) 

when  the  water  is  supplied  at  62°;  and 

<r  =  o.i5  (C  +  4.28  (H-§)  +  o.28  S),  (8) 

when  the  water  is  supplied  at  2I2^ 

RuLK  5. — To  find  the  total  aHiporathc  pinvcr  of  orw  pound  of  a  combustible^ 

of  'luhich  tht'  pr  rent  of  the  const  it  uctit  carbon,  hydrogen,  sulphur.,  and 
oxygen  arc  ;7z<//.  From  the  hydrogen  detiu<  t  one-eiehth  of  the  ()xyL::en, 
and  multiply  the  remainder  by  4.28;  multiply  the  siil])hur  by  0.28:  add 
these  two  products  to  tiie  carbon,  and  multiply  the"  sum  by  0.13  when  the 
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water  is  supplied  at  62®,  or  by  0.15  when  the  water  is  supplied  at  212^. 
The  final  product  is  the  total  evaporative  power  of  one  pound  of  the 

combustible  in  pounds  of  water,  c\  rp  )rated  at  212°. 

Note. — When  the  total  heating  power  is  known,  divide  it  by  11 16,  when 
the  water  is  siij)plied  at  62^;  or  by  966  when  the  water  is  supplied  at  212**. 
Ihe  quotient  is  the  equivalent  evaporative  power. 

The  equivalent  evaporative  power,  from  water  supplied  at  212**,  is  found 
roughly  by  dividing  the  total  heat  by  zooo. 

Temperature  of  Combustion. 

The  temperature  of  combustion  is  settled  by  the  several  quantities  and 
specific  heats  of  the  products  of  combustion.  One  pound  of  carbon  when 
completely  burned  yields  3.66  lbs.  of  carbonic  acid,  and  8.94  lbs.  of 
nitrogen.    Multiply  these  by  the  respective  specific  heats  of  the  gases — 

For  Carbon. 

Carbonic  acid,  3.66  lbs.  x  .2164  =  .792  for  1°  F. 

Nitrogen,  8.94  lbs.  x  .244  =  2. 181  „ 

12.60  lbs.  X   .236-2.973  n 

showing  that  the  products  of  combustion  absorb  2.973  units  of  heat  in 
rising  F.  of  temperature.  Divide  the  total  heat  of  combustion,  14,500 
units,  by  2.973,  quotient  is  4877''  F.   Add  the  initial  temperature, 

say  62°,  making  4939°  F.  the  temperature  of  combustion. 

For  Hydrogen. 

Por ,  lb.  Hydn)gen.  Sjcc^^      ^n,.  of 

Gaseous  steam, ....  9   lbs.  x  .475  =  4  275  for  F. 
Nitrogen,  26.8  lbs.  x  .244  =  6.539 


35.8  lbs.  X  .302  -  10.814  » 

The  total  heat  of  combustion,  62,032  units  -r  10.8  -  5744^  Add  62°  for  the 
temperature  of  combustion  of  hydrogen,  making  5806°  F. 

For  Sulphur. 

Por,  n.  Sulphur.  ^^^^ 

Sulphurous  acid,.. 2     lbs.  x.1553  =  '3'^  ^^r  1°  F. 
Nitrogen,  3.35  lbs.  x  .244=  .817  „ 

5.35  lbs.  X  .211-1.128  „ 

The  total  heat  of  combustion,  4032  units  -i-  1.128  =  3575®.   Add  62**  for  the 

temperature  of  combustion  of  sulphur,  making  3637^  F. 

For  coal  of  average  composition  (the  calculation  for  which  will  be  given 
in  detail)  there  are  11.94  lbs.  of  gaseous  products,  of  which  the  mean 
specific  heat  is  .246;  and 

1 1.94  X  .246    2.935  units  of  heat  lor  i"  F. 

The  total  heat  of  combustion,  1.4,133  units  :  2.935  -4815".    Add  62"  for 
the  temperature  of  combustion  of  average  coal,  making  4877*^  F. 
If  surplus  air  be  mixed  with  the  prcniucts  of  combustion,  and  equal  in 
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quantity  to  the  air  chemically  consumed,  the  total  weight  of  gases  for  one 
pound  of  coal  is  increased  to  22.64  ^^^v  i^^ving  a  mean  specific  heat, 
.242;  and 

22.64  X  .242  =  5.478  units  of  heat  for  1°  F. 

The  total  heat  of  combustion,  14,133  units  ^  5.478  =^  2580°.  Add  62°  for 
temperature  of  combustion,  making  2642"  F.;  which  is  little  more  than 
half  the  temjierature  of  undiluted  jiroducts  of  combustion. 

From  the  annexed  table,  No.  134,  it  appears  that  the  specific  heat  of  the 
products  of  combustion  is  in  general  about  .250;  excepting  that  for 
hydrogen,  which  is  .302;  and  that  for  sulphur,  whidi  is  .211. 

Table  No.  134. — Weight  and  vSpf.cific  Hkat  of  the  Producis  of 
Combustion  and  the  T£mp&ratur£  of  Combustion. 

(With  only  the  net  mpply  of  air  chemically  necemuy.) 


Obc  Pmrod  of  Conbiutible. 

Gateous  Producu  for  Ooe  Pound  of  Combuiuble. 

Weigfat. 

Specific 

neat. 

Heat  to 
Raise  the 

aturc  I  F. 

Tcmpcr.iturc  of  com- 
bustion, rncisured  from 
Initial  Temperature. 

jxiunds. 

watcr=  I. 

units. 

Fahr. 

1 

ratio 

35-80 

.302 

10.814 

5733° 

100 

11.97 

.256 

3063 

5305 

92 

15.90 

•257 

4.089 

5219 

9' 

15-35 

.256 

3-930 

5193 

90 

14. 2  I 

.258 

3.666 

5ia8 

89.3 

13.84 

.256 

3540 

5093 

89 

8-45 

•253 

2.136 

89 

12.00 

.246 

2.924 

5027 

87 

12.60 

.236 

2.973 

4877 

85 

Coke  

11.77 

.236 

2.778 

4878 

85 

Wax  

15.21 

•257 

3-914 

4826 

84 

10.09 

.270 

2.680 

4825 

84 

IJght  carburetted  hydrogen... 

18.40 

.268 

4.933 

4766 

83 

Coal,  with  10  percent  more  air 

12.94 

•245 

3.189 

4432 

77 

Sulphur  

5-35 

.211 

1. 128 

3575 

62 

Coal,  with  50  percent,  more  air 

17.22 

.244 

4.196 

3527 

61 

12.18 

•257 

3.127 

3470 

60 

Coal,  with  100  p.  cent  more  air 

[ 

22.57 

.242 

5467 

2688 

47 
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The  fuels,  or  combustibles,  generally  used  are  coal,  coke,  wood,  wood- 
(  harronl,  peat,  peat-charcoal,  and  refuse  tan-bark.  To  diese  may  be 
added  petroleum  and  other  oils ;  recently,  straw  has  been  used. 

Coal  may  be  arranged  in  five  classes: — 

I  St.  Anthracite,  or  blind  coal,  consisting  almost  entirely  of  free  c  arbon. 
2d.  Dry  bituminous  coal,  having  from  70  to  80  per  cent,  of  carbon. 
3d.  Bituminous  caking  coal,  having  from  50  to  60  per  cent  of  carbon. 
4th.  Long  flaming  or  cannel  coal. 

5th.  Lignite,  or  brown  coal,  containing  from  56  to  76  per  cent  of  carbon. 
The  anthracites  have  speci^c  gravities  varying  from  1.35  to  1.92.  They 

retain  their  form  when  exposed  to  a  temperature  of  ignition ;  though,  if  too 
rapidly  heated,  they  fall  to  pieces.  The  flame  is  generally  short,  of  a  blue 
colour.  The  coal  is  ignited  with  difficulty;  it  yields  an  intense  local  or 
concentrated  heat;  and  combustion  generally  becomes  extinct  while  yet  a 
considerable  quantity  of  the  fuel  remains  on  the  grate. 

The  dr) ,  or  free-burning,  bituminous  coals,  are  rather  lighter  than  the 
anthracites;  varying  in  specific  gravity  from  1.28  to  1.44.  They  contain  a 
rdatively  small  proportion  of  volatilizable  matter, — about  15  per  cent;—  and 
they  soon  arrive  at  the  temperature  of  full  ignition.  They  sweH  consider- 
ably in  coking,  and  thus  is  facilitated  the  access  of  air,  and  the  rapid  and 
complete  roinl)iistion  of  their  fixed  carbon.  In  some  cases,  where  the 
combustion  is  slow,  the  masses  of  coke  scarcely  cohere,  and  the  original 
forms  of  the  pieces  of  the  coal  are  in  some  measure  preserved. 

The  bituminous  caking  coals  have  the  same  range  of  specific  gravity  as 
the  dry  bituminous  coals.  They  contain  the  maximum  proportion  of 
volatilizable  matter,  averaging  about  30  per  cent  of  their  whole  weight 
They  develop  much  of  the  hydrocarbon  gases,  and  burn  with  a  long  flame. 
They  swell  considerably,  and  give  a  coherent  coke,  which  preserves  nothing 
of  the  original  form  of  the  coal. 

Small  Coal. 

In  South  \Vales,  where  the  reco;.iii/ed  system  of  working  is  by  *'  pillar  and 
stall,''  upwards  of  40  per  cent,  of  the  actual  contents  of  the  vein  of  steam- 
coal  is  lost. 

According  as  the  small  coal  is  raised  to  the  surface  or  not,  the  pit  is  said 
to  be  worked  on  the  altogether  coal,"  or  on  the  **  separation  '*  principle. 
In  the  former  case,  from  45  to  50  per  cent  of  small  coal  passes  through  the 
screen;  in  the  latter  case,  where  only  hand-picked  coal  is  sent  to  the 

surface,  the  small  amounts  to  from  5  to  10  per  cent.  The  smnll  coal  is 
screened  into  tliree  sizes,  known  as   nuts,"   peas  "  or   beans,"  and  dulf " 
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or  "  waste.**  Small  coal  generally  consists  of  what  passes  through  screens 
with  spaces  between  the  bars  from  i  inches,  as  in  South  Wales,  to 
inch,  as  in  the  Newcastle  district.  The  duf}*' consists  of  what  passes 
through  meshes  ^4  inch  square;  the  peas  or  l)L'ans  consist  of  what  does  not 
pass  through  these  meshes,  but  falls  between  bars  7/16  inch  apart  The 
remainder  of  the  small  is  nuts. 

The  relative  proportions  of  large  and  small  coal,  on  the  "altogether" 
system,  and  the  ''separation**  system,  brought  to  the  surface,  in  tlie 
Newcastle  district,  may  be  taken  as  follows: — 

ALTOGETHER.  SEPARATION. 


Round  coal  46.1  per  cent  %    80.39  cen^ 

Small  coal: — 

Nuts                              20.9     „  12.50  „ 

Beans                               17.6      „  3.85  „ 

Duff   15.4      »  » 


100.00  100.00 


The  relative  market  values  of  the  different  sizes  of  coal  as  raised,  are 
illustrated  by  the  following  list  of  quotations  from  a  certain  colliery, 
delivered  free  on  board  at  Sunderland. 


Round  coals,  los.  to  iis.,  average  los.  6d.  per  ton, 

say  100 

  8s. 

i> 

or  76 

  7S. 

or  67 

  6s. 

>» 

oi-  57 

» 

or  57 

>» 

'>!■  43 

Duff  

tt 

or  33 

The  quantity  of  small  coal  separated  from  the  coal  brought  by  railway 
to  London  is  found,  at  the  end  of  the  journeys,  in  passing  through  screens 
at  the  staiths,  to  amount  to  from  5  to  11  percent.,  averaging,  probably, 
yjj  percent.  This  represents  the  break  ap:e  of  coal  between  the  loading 
at  the  pit's  mouth  and  the  discharging  in  London. 

The  breakage  of  coal  conveyed  by  sea  is  also  considerable.  Between 
the  colliery  and  the  ship,  ii  lias  been  estimated,  in  one  case,  at  5  per  cent.; 
and  when  double-screened  at  Cardiff,  at  from  8  to  8^  per  cent  Again, 
the  (quantity  of  small  coal  made  by  loading  into  and  unloading  from  the 
ship  IS  stated  to  be  from  15  to  20  per  cent.^ 

In  France,  at  St.  Etienne,  the  ({notations  were  respectively  as  follows, 
for  round  coal,  medium  coal,  and  slack: — 

Round  coal,  2  francs  per  100  kilogrammes,  or  i6s.  per  ton,  say  100 
Medium  coal,  1.25  „       „  „         or  los.     „      or  62 

Slack,  0.25  to  0.50  „       „  „         or  2S.  to  4s.  „  12  to  24 

Utilization  of  Small  Coal. — It  is  a  matter  of  national  importance  lo  utili/e 
the  immense  accumulations  of  small  coal,  both  above  and  below  grmind. 

'  Sec  Cotxl  Economy^  by  Mr.  F.  C.  Don  vers,  1872 ;  from  which  the  above  particulaxs 
of  small  coal  are  derived. 
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The  best  known  system  is  that  of  Warlich  s  patent  fuel, — a  mixture  of 
small  coal  and  tar  or  pitch  moulded  into  blocks.  Each  ton  of  small  coal 
is  mixed  with  22  gallons,  or  242  lbs.  of  tar,  which  is  over  10  per  cent  of 
the  weight  of  the  coal.  It  is  then  fonned  into  blocks,  and  baked  at  a 
temperature  of  800^  F.  for  nine  or  ten  hours.  The  volatile  matter  of  the 
tar  is  driven  off.  leaving  the  pitch  as  a  cement  for  the  coaL  In  the  process 
of  baking,  the  blocks  lose  5  per  cent  of  their  weight. 

Wylam's  fuel  is  ])repared  by  mixing  with  slack  about  7  or  8  per  cent  of 

its  weight  of  pitch,  in  a  dry  state,  ground  fine.  The  mixture  is  passed  by 
means  of  an  Archimedian  screw  through  a  retort  maintained  at  a  dull  red 
heat,  by  which  it  is  softened,  w  hen  it  is  moulded  under  great  pressure  by 

a  species  of  brickmaking  machine. 

Mezaline's  fuel,  like  Wylam  s,  is  a  mixture  of  slack  and  pitch  ground  fine, 
in  a  pug-mill,  where  it  is  at  the  same  time  softened  by  superheated  steam 
introduced  into  the  mass  at  different  points,  thus  to  increase  the  cohesion 
of  the  partides.  Fuel  thus  prepared,  when  exposed  to  a  high  temperature, 
loses  four  per  cent  of  its  weight,  representing,  no  doubt,  the  moisture 
acquired  from  the  steam. 

In  Barker's  fuel,  the  binding  medium  consists  of  a  mucilage  formed  by 
the  mixture  of  potato-farina  with  water,  in  the  proportion  of  about  i  to  4, 
with  a  small  (juantity  of  carbolic  acid.  Thirty  gallons  of  die  mucilage  was 
mixed  with  one  ton  of  coal,  and  the  mixture  baked  for  nine  hours  at  a 
temperature  of  300'  F.  This  mixture  was  not  hard  enough  to  stand  rough 
usage  or  exposure;  and  more  recently  a  certain  proportion  of  powdered 
pitdi  has  been  added  with  good  results.  The  bulk  of  i  ton  is  33  cubic  feet 

In  Holland's  fuel,  lime  and  cement  are  mixed  with  small  coal; — ^making, 
of  course,  a  large  quantity  of  ash  when  burned. 

Washitig  0/  Small  Coal, — Coal-washing  has  long  been  practised  on  the 

Continent  for  the  purpose  of  separating  from  the  small  coal  the  greater  part 
of  the  schists,  pyrites,  and  other  matters  mbced  with  it  when  it  is  extracted 
from  the  mine.  The  clean  coal  thus  obtained  is  useful  j)rincipally  for 
the  manufacture  of  coke  for  metallurgi(  al  purjioses  and  for  locomotives. 
The  advantages  derivable  from  the  washing  of  coal  are  beginning  to  be 
appreciated  in  I\ngland. 

Coal  is  washed  by  two  different  methods.  By  one  system,  a  wooden 
box  is  divided  into  two  compartments,  by  a  partition  which  descends  nearly 
to  the  bottom,  leaving  a  communication  between  the  two,  of  which  one  is 
smaller  than  the  other.  The  laiiger  of  the  two  is  fitted  wth  two  grates,  one 
above  the  other,  of  which  the  ui)per  one  is  formed  of  bars  with  interspaces 
of  0.4  inch  in  width,  and  the  lower  is  a  ])late.  usually  of  copper,  pierced 
with  numerous  small  holes.  The  smaller  compartment  contains  a  piston. 
Coal  being  filled  into  the  larger  comjiartment  upon  the  grate,  the  whole 
box  is  filled  with  water,  and  the  pision  set  in  motion.  By  the  action  of  the 
piston  the  water  is  caused  to  traverse  the  coal  upwards  and  downwards, 
when  the  heavier  particles  of  schist,  &c,  fall,  and  are  collected  upon  the 
lower  grate.  When  the  space  is  fiUed  up  to  the  level  of  the  upper  grate 
with  deposit,  the  coal  is  removed. 

On  the  second  system,  the  operation  is  continuous.  Water  flows  in  a 
long  shallow  trough,  slightly  inclined,  with  cross  partitions  at  intervals  from 
top  to  bottom,  carrying  with  it  the  small  coal,  which  is  delivered  into  it  at 
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the  upper  end.  The  denser  particles  are  deposited  in  the  first  compart- 
mentSy  and  the  lighter  particles  in  the  last  ones. 

Deterioration  of  Coal  by  Exposure. 

Coal  deteriorates  or  decays  to  a  greater  or  less  degree  by  exposure  to 
the  atmosphere,  by  disintegration  or  crambling»  and  also  by  the  gradual 
combustion  of  tlie  volatilizable  elements.  Atmospheric  oxygen  is  absorbed, 
and  converts  the  hydrocarbons  into  water  and  carbonic  acid.  It  has  been 
proved  in  one  ( nse,  in  Germany,  that  bituminous  coal,  after  having  been 
exposed  for  nine  months,  lost  half  its  value  as  fuel;  coal  exposed  for  three 
months  to  a  temperature  of  284°  F.,  lost  all  its  hydrocarbons.  The  coke 
manufactured  from  coal  thus  deteriorated  is  inferior  to  what  is  made  from 
coal  freshly  mined. 

The  above  experimental  evidence  corroborates  the  &ct  diat  die  decay  of 
coal  proceeds  more  rapidly  in  the  hotter  climates.  Dryness  is  unfavourable 
to  the  change,  while  moisture  accelerates  it.  When  sulphur,  or  sulphuret 
of  iron  (iron-pyrites),  is  present  in  considerable  quantity  in  a  coal  still 
changing  under  the  action  of  the  air,  a  second  powerful  lieating  cause  is 
introduced,  and  both  acting  together  may  produce  *'  spontaneous  com])us- 
tion."  The  presence  of  sulphur,  or  iron-pyrites  alone,  if  in  considerable 
quantity,  is  sufficient  to  excite  combustion. 

BRITISH  COALS. 
Composition  of  Bituminous  Coals.--Dil  Richardson's  Analyses,  1838. 

The  first  accurate  analyses  of  bituminous  coals  were  made  by  the  late 
Dr.  Richardson,  of  Newcastle-on-Tyne.  The  coak  submitted  to  analysis 
were — ist,  Splint  coal ;  2d,  cannel  coal ;  3d,  cherry  ro  il ;  4th,  caking  coal. 
The  following  table,  No,  135.  contains  the  results  of  his  analyses.  The 
total  average  composition  of  the  sami)lcs  analyzed  was  about  81  per  cent, 
of  carbon,  5  '  2  per  cent,  of  hydrogen,  9  per  cent,  of  oxygen  and  nitrogen, 
and  5  per  cent,  of  ash. 


Table  No.  135.— Composition  of  Bituminous  Coals. 
By  Dr.  Richardson,  1838. 


Coiklt  and  Locality  of  Beds. 

Carbon. 

Hydrogen. 

Oxyecn 

and 
Nitro^BD. 

Ashes. 

per  cent. 
74.82 
82.92 

per  cent. 
6.18 

5-49 

per  cent. 

5-O0 
10.46 

per  cent. 
I.I3 

78.87 

5-83 

7.78 

7-52 

Cannel,  finom  Wigan,  Lancashire  .... 

83.75 
67.60 

5.66 
S-40 

8.04 
12.43 

2.55 

14-57 

75.68 

5-53 

10.23 

8.56 

Digitized  by  Google 


BRITISH  COALS.  413 


Table  No.  135  {amHmteii). 


Coal,  aad  Locality  of  beds. 

Carbon. 

Hydrogen. 

Oxygen 
and 

1 

1 

Ashes. 

Cherry,  from  J  arrow,  Newcastle  

Averaffe  

per  cent. 
84.85 

per  cent. 

5-05 
c  1  r 

5-45 

per  cent. 
8.43 

per  cent, 
1.67 

c.ac 

C<iking,  from  Garesfield,  Newcastle.. 
Do.,    from  South  Hetton,  Duiiiam 

Avcrau'e  

87. Qt; 

83.27 

S.I7 

9.04 

3.53 

85.61 

5.20 

7-23 

T.96 

1  80.80 

5-45 

8.85 

4.90 

WuGHT  AND  Composition  op  British  and  Foreign  Coals. 
By  Messrs.  Delab^he  and  Playpair,  1847-50. 

An  extensive  scries  of  analyses  and  of  trials  of  British  coals  were  con- 
ducted by  Sir  Henry  Delab^che  and  Dr.  I.yon  Playfair,  at  the  College  for 
Civil  Engineers,  Putney,  in  the  years  1847-50,  to  the  order  of  the  govern- 
ment The  results  of  their  investigations  were  published  in  three  Reports 
on  Coals  suited  to  the  Royal  Navy,  in  the  years  1849,  1850,  1851. 

Samples  of  98  British  coals  were  analyzed  and  tried  for  their  evaporative 
performance,  namely: — 37  Welsh  coals,  18  Newcastle  coals  (Hartley  dis- 
trict), 7  Derbyshire  and  Yorkshire  coals,  28  Lancashire  coals,  8  Scotch 
coals — Total,  98  coals. 

In  addition  to  these  there  were  analyzed  and  tried,  one  sample  of 
antliracite  from  Ireland,  six  patent  fuels,  and  24  foreign  coals. 

The  chief  results  of  these  analyses  and  trials,  compiled  from  the  reports, 
are  averaged  and  embodied  in  table  No.  136,  together  with  deductions  as 
to  the  total  heat  of  combustion  of  the  fuels.  The  specific  gravity,  and  the 
weight  and  bulk,  of  the  coals,  are  given  in  columns  2,  3,  4,  5;  and  the 
chemical  composition  in  columns  6,  7.  8.  9,  10,  11.  The  quantity  of  coke 
produced  from  each  coal  is  given  in  column  12.  The  total  heat  of  com- 
bustion is  given  in  units  of  heat  in  column  13,  and  also  in  equivalent 
evaporative  efficiency  in  columns  14,  15,  when  the  water  is  supplied  at 
62°  and  at  212°  F.,  and  evaporated  at  atmospheric  pressure.  These 
columns,  13,  14,  15,  have  been  calculated  by  means  of  formulas  (  6  ),  (  7  ), 
( 8  ),  page  406.  The  evaporative  efficiency  found  by  the  trials  is  given  in 
column  16. 
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BRITISH  AND  FOREIGN  COALS. 


There  are  very  great  variations  in  the  chemical  composition  and  properties 
of  coals.    In  British  coals,  the  constituents  vary  in  quantity  as  follows : — 

Carbon,  from  about  70  to  9 1  per  cent  of  the  gross  weight 
Hydrogen,  from  3>^  to  nearly  7  per  cent 
Oxygen,  from  about  }i  to  20  per  cent 

Nitrogen,  from  a  mere  trace  to  2  ^'^  percent 
Sulphur,  from  nothing  to  5  per  cent 
Ash,  from  ',  5  to  15  per  cent. 
Coke,  from  49  to  93  per  cent 

The  average  composition  d[  Mtish  coals  deduced  firom  the  table,  is  as 
follows: — 

Carbon  about  80  per  cent 

Hydrogen   „  5  „ 

Nitrogen   „  i  Vs  .» 

Sulphur   „  I  X  »» 

Oxygen   8 

Ash   „  4  „ 

n  100  f> 

Fixed  carbon,  or  coke   „    61  „ 

The  foreign  coals,  from  Van  Diemen's  Land,  and  from  Chili,  had  only 
from  63  to  66  per  cent  of  constituent  carbon,  with  28  per  cent  of  oxygen 
and  ash. 

lV(/s/t  Coals. — It  may  be  noted  here  that  Mr.  G.  J.  Snelus,  in  187 1, 
made  an  analysis  of  Llangennech  coaV  of  which  the  particulars  are  sub- 
joined, with  those  of  a  few  other  coals,  extracted  from  the  Reports  of  Dela- 
fa^e  and  Playfair,  for  compaxiscm.  "The  Ebbw  Vale  coal,"  it  is  said, 
may  be  taken  to  represent  the  Monmouthshire  steam  coals;  and  Powell's 
Duflfryn  represents  ^e  Merthyr  and  Aberdare  coals,  highly  esteemed  for 
locomotives  and  ocean  steamers."  There  is  a  close  correspondence  between 
the  anafyses  of  Liangennecfa  coal  made  in  1848  and  in  1871. 


Class  of  Coal, 
and  Dat«  of  Analyats. 

Carbon. 

Hydrageo. 

Niliagmi. 

Sulphur. 

Oxjrgen. 

Aih. 

Coke. 

per  cent 

per  cent. 



per  cent. 

per  cent. 

per  ceiu. 

p.  cent. 

p.  cent. 

Ebbw  Vale,  1848.  

89.78 

2. 16 

I.02 

.39 

1.50 

,  77.5 

Powell's  Duffryn,  1848... 

88.26 

4.66 

1-45 

1.77 

.60 

3.26  1 

1  84- 3 

IJangennech,  1848  

85.46 

4.20 

1.07 

.29 

2.44 

6.54  ' 

83.7 

84.97 

4.26 

.42 

3- 50 

5-40 

86.7 

J  84.87 

3.84 

.41 

.45 

7.19 

1.50 

85.5 

*  Sec  Appendi.x  to  the  Report  of  the  Judges,  Mr.  F.  J,  Bramwell  and  Mr.  W. 
Menelaus,  on  the  Trials  of  Portable  Steam  Engines  at  Cardiff  in  1872 ;  for  a  full 
Key^ort  OO  the  Coal  used  in  the  Trials  of  Steam  Machinery  by  the  Royal  Agricultoial 
Socieiy. 
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Patent  Fuels. 

The  patent  fuels  tried  by  Delabeche  and  Playfair  consisted  of  mixtures 
of  bituminous  or  tarry  matter  with  small  bituminous  coal.  They  had  an 
average  of  83.4  per  cent  of  constituent  carbon,  and  5  per  cent  of  hydrogen, 
with  less  than  3  per  cent  of  oxygen,  and  6  per  cent  of  ash.  Three  patent 
fuels  produced  an  average  of  74  per  cent  of  coke.  Warlich's  patent  fuel 
was  the  richest  in  carbon,  of  which  it  contained  90  per  cent.;  of  hydrogen, 
5.56  per  cent.;  of  ash,  2.91  per  cent.  It  yielded  85  per  cent,  of  (  oke;  and 
it  evaporated,  by  trial,  10.36  lbs.  oi  water,  per  pound  of  fuel,  reckoned  from 
water  supplied  at  2 1 2°. 

Wkic.ht  and  Bulk  of  British  Coals. 

The  average  specific  gravity  of  coal,  as  by  the  table  No.  136,  is  1.279; 
it  varies  from  1.20  to  i.^^Q. 

The  average  weight  of  coal  is  80  lbs.  per  cubic  foot,  solid;  Uie  weight 
varies  from  78  to  86  lbs. 

The  average  weight  is  50  lbs.  per  cubic  loot,  heaped;  the  weight  varying 
from  45  to  58  lbs. 

The  average  bulk  of  one  ton,  heaped,  of  coal,  is  44^  cubic  feet;  the 
bulk  varying  from  38  to  49  cubic  feet. 

riie  average  specific  gravity  of  patent  fuels  is  1.167;  the  average  weight 

73.'-^  i'c^  cubic  foot,  solid,  and  65  lbs.  per  cubic  foot,  heaped.  The 
bulk  of  one  ton,  heaped,  is  34 '  2  cubic  feet. 

These  averages  show  the  advantage  of  the  jjatent  fuels  in  point  of  com- 
pactness, over  coals;  for  though  they  are  the  lighter  fuel,  they  occupy  less 
Space  per  ton  than  coals,  on  account  of  the  regular  forms  in  which  the 
blocks  are  manuilEurtured,  and  the  facility  for  stowing  them  without  much 
interspace. 

Hygroscopic  Water  in  British  Coals. 

The  hygroscopic  water  in  coal, — ^apart  from  what  is  chemically  combined 
with  it, — varies  considerably.  In  the  analyses  of  Dela1x  (  lie  and  Play&ir, 
in  which  the  specimens  were  dried  at  212''  F.,  it  vaiied  from  0.61  to  9.31 
per  cent  of  the  weight  of  the  coal.   The  following  are  examples: — 


HVGkOSCOVIC  WATRR. 

}> 

99 

99 

  1.34 

99 

  >-55 

99 

99 

99 

Brooniliill  cual  

  9-3 1 

It 

  2.49 

99 

99 

99 

99 

  1.38 

99 

99 

99 

 6.58 

99 
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nvcMKMCQnc  WATn. 

Cannd  coal,  Wigan   i.oi  per  cent 

Stavely  8.54  „ 

Vancouver s  island   7.2 1  „ 

Chiri(}uc   9.1 1  „ 

Sydney,  New  South  Wales   3.25  „ 

Juan  Fernandez   6.00 


It  aj)ijc:ir.s  from  this  that  the  Welsh  coals  and  the  patent  fuels  contained 
the  least  proportion  of  hygroscopic  water. 

TORBANEHILL  OR  BOGHKAD  COAL. 

The  Boghead  coal  is  a  special  jnineral  found  on  the  estate  of  Torbane- 

hill,  Linlithgowshire.  Its  colour  varies  from  daik  snufT-bro^'n  to  brownish- 
black.  It  is  exceedingly  hard;  the  fracture  is  slaty  and  conchoidal.  When 
struck  with  a  hammer,  it  cri\  es  a  woody  sound.  Its  specific  gravity  varies 
from  1. 1 55  to  1.260,  the  avcra;:c  being  1.189. 

In  composition,  Boghead  coal  occupies  the  opposite  end  of  the  scale  to 
anthracite, — having  a  comparauvely  small  percentage  of  carbon,  and  a  large 
excess  of  hydrogen.  According  to  Dr.  Penny's  analysis  of  the  coal,  dried 
at  212**,  the  composition  is  as  fdlows: — 


Carbon    63.94 

Hydrogen   8.86 

Nitrogen   0.96 

Sulphur   0.32 

Oxygen   4. 70 

Ash   21.22 


100.00 

As  the  oxygen  amounts  to  only  4.7  per  cent,  it  leaves  free  a  surplus 

of  8J^  per  cent,  of  hydrogen,  to  form  hydrocarbons  with  the  constituent 
carbon,  when  the  coal  is  distilled ;  and  it  is  found  that  coal  of  the  above 
composition  yields  67  per  cent,  of  volatile  matter,  and  31  per  cent,  of  ash. 
The  composition  varies  in  different  sjierimens,  as  may  be  observed  in  the 
following  analyses  of  four  specimens  taken  from  the  pit  at  different  dates, 
table  No.  137  : — 


Table  No.  137. — Composition  op  Boghead  Coal. 


COMMSITtON. 

Spedfic 
gfftvity. 

COAU 

Fixed 
carbon. 

Volatile 
matter. 

Sulphur. 

Ash. 

Water. 

COKB. 

per  cent. 

per  cent. 

per  cent. 

per  cent. 

per  cent. 

per  cent. 

Brown,  1849.... 

1  1155 

7  i.o 

16.8 

0.6 

28.1 

Do.,    1 85 1  

1. 160 

71 

71.00 

0.2 

21.2 

28.3 

iilack,   1 85 1 .... 
Do.,  1853.... 

1. 218  1 
1.188 

1 

925 
10.52 

62.70 
67.11 

0-35 
0.32 

26.5 
21.0 

1.20 
1.05 

35-75 

1  31-52 

1 

I.180  j 

1  1 

954 

67.95 

0.29 

21,4 

0.84 

30.94 
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From  the  table  it  appears  that  the  fixed  carbon  averages  only  g}4  per 
cent;  and  that,  including  ash,  the  coke  averages  only  3 1  per  cent,  the  vola- 
tile matter  exceeding  two-thirds  of  the  whole  weight  of  the  coal.  When 
distilled  at  comparatively  low  temperatures,  Boghead  coal  affords  large 
quantities  of  paraffin,  paraffin  oil,  &c. : — a  discovery  made  by  Mr.  Young. 


AMERICAN  AND  FOREIGN  COALS. 

By  Propissor  W.  R.  Johnson,  1843-44. 

The  results  of  an  investigation  of  the  qualities  of  American  coals,  at  the 
Navy  Yard,  Washington,  for  the  Navy  Department  of  the  United  States, 
conducted  by  Professor  W.  R.  Johnson,  were  published  in  "A  Report  to 
the  Navy  Department  of  the  United  States,  on  American  Coals,"  in  1844. 

Thirty-nine  samples  of  coal,  and  three  samples  of  coke,  were  tried; 
and  the  general  results  are  given  in  table  No.  138. 

The  constituents,  so  far  as  the  analyses  extended,  were  in  the  following 
proportions: — 

Volatile  matter,  other )     ,  /       ,  /  ^ 

than  moisture,  /  34>3  per  cent.,  average  16.17  per  cent 


Hygrometric  moisture,.,  o    to  3^  „  „  1.37 

Sulphur,                      o    to  2^  „  „  0.49  „ 

Fixed  carbon,  53     to  91  „  „  73.35 

Earthy  matter,               4>^  to  15  „  „  9.15  „ 


About  100.00 

Coke  (fixed  carbon  and  earthy  matter),   82.50  per  cent 

The  proportions  of  volatile  matter,  fixed  carbon,  ash,  and  coke,  were  for 
the  three  classes  of  American  coal  as  follows: — 


Volatile  Fixed 
natter.  carboa. 


AdL  Coke 


Anthracites,   3.97  ...  88.54  ...   6.28  ...  94.83 

Free  burning  bituminous  coals,.... 1 5. II  ...  73.21  ...  lasy  ...  83.48 
Bituminous  caking  coals,  39*43      5^*39      10.90  ...  69.19 

Averages,  16.17      73*35  ***    9*^5  ••*  S2.50 

Weight  and  Bulk  of  American  Coals. 

The  specific  gravity  of  American  coal  varies  from  1.283  to  1.6 10,  and  it 
averages  T.400. 

The  weight  of  solid  coal  varies  from  80  to  100  pounds  per  cubic  foot, 
and  it  averages  87^4  pounds. 

The  weight  of  heaped  coal  varies  from  45  to  56  pounds  per  cubic  foot, 

and  it  average?  51^  pounds. 

The  bulk  of  one  ton  of  heaped  coal  varies  from  49ji  to  40  cubic  feet, 
and  it  averages  43)^  cubic  feet. 
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Table  No.  138. — American  Coals: — Average  Weight,  Bulk,  and 

Composition,  1843. 

(Compiled  bom  the  Report  of  ProfeHor  W.  R*  Joluioo.) 


Wbigut,  Bulk,  Cok£,  and  Ash. 


COAk 

• 

1 

Speafic 

Wbiomt  and  Btruc 

Coke 

Ash  and 
cUnken 
left  by 
ooabus- 

UOD. 

One 
cubic  foot, 
aoHd. 

One     !  Bulk  of 
cubic  foot,'  one  too. 

Free-burning  bituminous 
Foreign  and  Western..... 

Average  of  the  three  | 
chuoes  of  American  > 

1.500 

1.358 
1.342 
I.318 

pounds. 
93.78 

84.93 
83.90 
82.39 

pounds. 

53.05 

32.13 
52.84 

49.28 
49.31 

cubic  feet. 

42.35 
69.76 

42.42  ( 

4571 

4551 

per  cent. 
94.82 

< 

83.68 
69.01 
65.27 

per  cent. 

8.60 
14.94 
I  1.27 
8.48 
7.98 

1.400 

87.54 

5i-7a 

43.49 

82.50 

9.43 

CoMposmoN. 


Coal. 

CoMfosinoN,  IN  Perckntacks  op  tus 
Total  Wbicht. 

noHnm. 

Vobtae 

IBWMfff, 

muur 

Coke,  two  samples  from  Mid-] 
lothian  and  Neffs  Cumber- 

Free-buming  bituminous,  Mary-  ) 
land  and  Pennsylvania       ....  j 
Bituminous  caking,  Virginia. 
Foreign  and  Western  bituminous. 

Average  of  the  three  classes  ) 

percent. 
1. 19 

1.37 

1.56 
2.50 

per  cent. 
3.97 

15. II 

29.43 
32.68 

per  cent. 
0.04 

0.42 

1. 01 
0.24 

percent. 
88.54 

73.21 
58.29 

57-42 

percent. 

14.94 

10.27 

10.90 
7.85 

1.37 

16.17 

0.49 

73.35 

9.15 
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FRENCH  COALS. 

French  coals  are  divided  into  five  classes,  according  to  their  behaviour  in 

the  fiimace : — 

I  St.  Bituminous  caking  coals  {houi/Us  grmses  mark  hales). 

2d.  Bituminous  hard  coals  {Jwuillcs  grasses  tt  dures),  ditTering  from  the 
first  by  having  less  fusibility;  the  coke  is  more  dense  than  that  of  the 
first,  and  is  best  for  blast  furnaces. 

3d.  Bituminous  coals,  burning  with  a  long  flame  {houi/Ies  ^i^rasses  a  longucs 
flammes)  \  they  are  still  less  fusible  or  caking  than  the  preceding,  and  are 
best  for  boiler  and  other  furnaces.  They  are  known  by  the  designation 
flknu^  and  are  similar  to  Lancashire  cannd  coal. 

4th.  Dry  coals,  with  a  long  flame  {houiUes  shehcs  d  longues  flammes).  The 
coke  has  not  much  coherence.  These  coals  are  burned  on  grates;  they 
are  less  durable  than  the  foregoing. 

5th.  Dr)'  coals,  with  a  short  flame  {houilles  shhes  et  couries  flammcs). 
These  coals  burn  with  some  difficulty,  and  arc  used  chiefly  for  burning 
bricks,  and  in  lime-kilns,  m  breweries  for  dr)ing  malt,  and  for  domestic 
fires. . 

Anthracites  are  classed  by  themselves. 

The  coal,  as  it  comes  firom  the  mine,  large  and  small  together,  is  known 
as  Umt-vemint — "  as  it  comes.'*  In  the  market,  the  coal  from  a  mine  is  dis- 
tinguished, according  to  the  size  of  the  pieces,  into,  ist,  le gros^  round  coal; 

2d,  la  i^ailletfe,  coal  of  medium  size,  in  pieces  5  or  6  inches  in  diameter, 
which  is  sej)aratcd  by  screenmg  from  the  third  sort;  3d,  le  menu,  slack, 
which  is  subdivided  into  three  kinds: — gailldin,  the  size  of  nuts;  tele  de 
mouuau,  smaller  than  gailletin — hterally  the  size  of  a  sparrow's  head;  and 
fine^  which  is  again  distinguished  into  fine  mentu  and  fine  poussitTy  coal  dust 

Utiuzahon  or  the  Small  Coal. 

The  menu^  or  small  coal,  is  made  into  briquettes,  or  rectangular  blocks; 
heing  agglomerated  by  means  of  tar,  and  compressed  into  moulds,  as  has 
already  been  pointed  out  in  describmg  Engfash  patent  fuels,  wilh  some 

slight  differences  of  treatment  iSt  The  small  coal  is  mixed  wnth  pitch, 
and  compressed  in  moulds  to  form  blocks.  These  blocks  have  great 
durability,  and  do  not  deteriorate  by  exposure  to  air.  2d.  When  the 
slack  is  derived  from  rich  bituminous  coals  it  is  tilled  into  cast-u^on  moulds, 
which  are  so  ciosetl  that  nothing  but  gas  can  escape  from  them.  The 
moulds  are  heated  in  a  furnace  to  upwards  of  900'  F.,  wliere  tliey  remain 
from  half  an  hour  to  three  hours,  according  to  the  quality  of  the  ooaL  By 
the  action  of  the  heat  Uie  coal  becomes  a  kind  of  paste,  and  tends  to 
swell ;  but  it  is  on  the  contrary  powerfully  compressed  by  the  moulds.  3d. 
For  the  slack  of  dry  coals  a  certain  pro|>ortion  of  the  slack  of  bituminous 
coal  is  mixed  with  it,  to  give  cohesive  power. 

Composition  of  French  Coals. 

The  table  No.  139  contain^  the  specific  gravity  and  composition  of  a 
number  of  French  coals.  l  or  the  first  section,  comprising  Regnault's 
analyses.  <  ompiled  from  a  table  by  M,  Peclet.  tlie  samples  were  dried  at  a 
temperature  of  120  C,  or  about  250'  F.;  and  tiic  loss  of  weight,  repre- 
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senting  moisture,  varied  from  1.36  to  1.60  per  cent.  The  quantity  of 
nitrogen  was  in  general  very  small  in  the  anthracites;  and  in  the  other 
eoak  it  was  from  uca  to  a.a  per  cent  The  united  weights  of  oxygen  and 
nitiQgar  have  dierefore  been  taken  by  M.  Pedet  to  represent  the  quantity 
of  oxygen,  in  calculating  the  heating  power,  acconding  to  the  principle 
ahnead^  explained,  page  40^ 


Table  Nd  139. — BfkAN  DsNScnr,  CoMFOsrrioN,  and  Heating  Power 

or  Erench  Coals. 


Coal*. 


Regnaolt,  22  samples. 
Mnilly,  79Mniplw. 


{Jiegnauil.) 

AiitfifaHBite&  

BitumiiMws  hard  cods.. 

Bituminous  ciiking  coals 
Bitum.  coals,  long  flame 
Diy  ooda,  kiag  nme... 


Mons  Nutn.  

Mon>  Centre  Basin. 

Cliarlcroi  Basin  

'Valenciennes  Basiin. 
•Calais  Buni;  


Average   I  1. 310 


i 

Quan- 

UKlr  01 

coke. 

'  Composition. 

! 

1 

'Hydro- 
1  gen  ui 
excess. 

1 

Specific 
gravity. 

Carbon. 

Hydro- 
gen. 

<  )xyiien 
and  ni- 
trogen. 

Aah. 

Heating 
Power. 

1 

1.498 

«.3«9 

I  293 
1.303 

1.563 

88.83  1 
74.81 

67.54  1 
60.86 

54.72 

86.17 

88.56 

87.73 
82.94 
76.48 

2.67 
4.88 

5.08 

5-35 
5-23 

4-  38 

5-  65 
8.63 

16.01 

8.56 
2.19 

I  54 

308 

2.28 

1  2.43 
1  4.27 

430 

415 

3-09 

14,038 

15.525 
15.422 
14,622 

13.041 

1.365 

1.293  1 
M97 
1.289  1 
1.380  1 

81.79' 
86.58  ' 

83.85 
86.38 
86. 65 
1  86.50 
1  84.94 

5-19 

4.51 

4.18 

4.52 
5.  "5 

8.09 
5-46 

5-23 

5-39 
7.02 

2.85 
3.66 

3-95  ' 
3.52  , 

1  4.24 
3.82 

3-52 
'  3.SS 
1  4.2a 

14,884 

I4»93» 
14.787  ' 
14,976 
»5»«>3 

1. 310 

74.20  ' 

I 

85.02 

4.48 

6.S7 

3-4t> 

3-79 

14.723 

Xote. — The  averaj^cs  .are  here  de(luce<l  from  averages;  beitii^'  averages  of  avenges*  and 
are  to  be  accepted  as  approximate,  not  necessarily  exact  resulti.. 

For  the  second  section,  the  samples  were  dried  by  exhaustion  in  the 
receiver  of  an  air-pump  during  from  twelve  to  twenty-four  hours. 

It  appears  from  the  table  that  the  average  composition  of  French  coals 
is  as  follows: — 


Carbon,   85     per  cent. 

Hydrogen,   4>^ 

Oxygen  and  nitrogen,   7  „ 

Ash,   3>4  „ 

Sulphur,.   ?  „ 


100 

The.  average  specific  gravity  is  1.3 10,  giving  a  weight  of  81.68  lbs.  per 
eubic  loot  solid. 

According  to  Peclet  the  weight  of  heaped  coal  from  different  mines  is  as 
follows,  in  table  No.  140;  to  which  are  added  the  weight  of  one  cubic 
foot  heaped,  and  the  volume  of  one  ton  heaped. 
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Table  No.  140. — Weight  and  Volume  of  FkSNCH  Coals,  heaped. 


Mtm. 

vvC^hX  Cm 

one  hectolitre, 
heaped. 

WMvkt  nf 

weiKni  01 
one  cuDtc  foot, 
heaped. 

VaIhim 

Toniiiie 

of  one  ton, 
heaped. 

pOUOOSi 

Clinic  ICCV. 

00 

Art  T r 

87 

54-3 

41.22 

86 

53-7 

41.70 

53-1 

42.19 

84 

52.5 

42.69 

83 

5i.« 

43- « I 

Mons  

80 

C0.0 

A^8t 

79 

49*3 

4539 

Averages  of  bituminous  coals 

84 

42.75 

90 

56.2 

40.00 

An  abstract  of  a  resum<f  of  analyses  of  French  and  other  coals  and 
lignites.  l)y  MM.  Scheurer-Kestner  and  Charles  Mcunicr-Dollfus,  is 
given  in  table  No.  141,  together  with  the  observed  heat  of  combustion. 
The  figures  have  reference  to  pure  fuel,  from  which  the  ash  has  been 
separated,  in  terms  of  the  gaseous  constituents  only. 


Table  No.  141. — ^French  and  other  Coals  and  Lignites.  Analysis 
OP  Gaseous  Constituents  and  Observed  Heat  of  Combustion. 


(Sekiurer-Kestner  and  Meumer-DoUfus,) 

The  fuel  is  assumed  to  be  dry  and  pure — without  any  ash. 


D«igiiaiioo  of  Combustible. 

Gueoui  Elementa. 

Heat  of 
combustion  of 
1  pound  pure 
1    observed. . 

Carbon. 

Hydro- 

Oxygen 

and 
ulragen. 

Coal. 

per  cent 

per  cent. 

per  cent. 

units.  i 

88.59 

4.69 

6.72 

16,416  1 

81.10 

4.75 

14.15 

i5»3'0 

90.60 

4.10 

5-30 

16,994 

78.58 

5.23 

16. 19 

14*985 

87.02 

4.72 

8.26 

16,400 

84.45 

4.21 

11.32 

!  16,663 

8394 

4.43 

11.63 

16,290 

91.08 

3.83 

509 

15,804 

Do.  rowell-Uuffr>n  

92.49 

4.04 

3-47 

16,108 

Russian: — Grouchefski  anthracite.... 

96.66 

1-35 

1.99 

14,866 

9145 

450 

4.05 

i5»65i 

82.67 

5.07 

12.26 

14*438 
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Table  Na  141  {amimued). 


Gaseous  £lcmcnti. 

Z1C3U  01 

Combustion 

Qurbon. 

iiyaro- 

Oxygen 

aia 

of  I  lb.  pure 

Lignites. 

per  cent. 

per  cent. 

per  cent* 

units. 

72.98 

4.04 

22.98 

1 1,670 

70.57 

5-44 

23.99 

13,253 

66.31 

4-85 

28.84 

12,584 

76.58 

8.27 

14,263 

73-7^ 

6.09 

20.19 

I31837 

66.51 

4.7a 

28.77 

11,444 

67.60 

4.55 

27.85 

11,360 

INDIAN  COALS. 

In  July,  i860,  Mr.  R.  Haines,  acting  chemical  analyst  to  the  Bombay 
goveroment,  reported  on  samples  of  coal  firom  Australia,  the  Nerbudda 
Valley,  and  Nagpoie.   The  following  are  the  principal  results  contained  in 

the  report: — 

The  Australian  coal  is  jet-black  and  brilliant,  very  brittle,  and  breaks 
with  a  cubical  fracture  like  Newcastle  coal. 

The  Nerbudda  coal  is  dull  black,  heavy,  very  hard,  being  pulverized 
with  difficulty;  it  has  a  laminated  structure  and  slaty  cleavage;  it  has,  here 
and  there,  interspersed  in  its  substance^  small  lumps  of  half-formed  coal 
like  charcoal. 

The  Nagpoie  coal  is  veiy  similar  in  appearance  to  the  Nerbudda  coal, 
and  has  the  same  texture,  except  that  the  laminae  are  alternately  dull 

and  glossy. 

The  Au.stralian  coal  is  bituminous,  and  it  cokes  like  Newcastle  coal. 
The  Nerbudda  and  Nagpore  coals  do  not  even  cohere  in  coking.  The 
ash  of  the  Australian  coal  is  of  a  dirty  white  colour,  and  that  of  the  other 
coals  is  similar  in  appearance. 

The  results  of  analysis  of  these  coals  are  given  in  table  No.  143,  to- 
f;ether  with  similar  results  from  English  coals.  The  products  are  divided 
mto  solid,  or  "coke,"  and  volatile;  and  in  the  last  two  columns  are  given 
separately  the  sulphur  and  the  ash,  the  first  of  which  is  included  in  the 
volatile  matter  and  the  second  in  the  coke. 

The  proportions  of  ash,  or  incombustible  matter,  are  respectively  as 
follows : — 

Coal. 

Australian,  

Nerbudda  Valley, 

Nagpore,  

English,  
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Table  No.  142. — Comparative  Composition  of  Australian,  Nerbudda, 
Nagpore,  and  Engush  Coals.   By  Mr.  K.  Haines,  i86a  • 


Locality  or  DcMnptioB» 

Specific 

Coke. 

VobtUe 
matter. 

Su^plrar. 

Ash. 

por  om. 

per  out 

percent 

per  cent. 

r.312 

68.27 

3173 

0.50 

8.38 

1.440 

66.63 

33-37 

[  0.60 

18.09 

N  .-Ignore  

T.417 

'  76.00 

24.00  ' 

tS,7^  I 

Welsh  steam  coal : —  ' 

^•275 

62.5 

37-5 

0-33 

To  

88.1 

II.9 

5-07 

6.94 

I.3IO 

80.0 

20.0 

1-25 

3.00 

El  200 

50.7a 

r.13 

To  

59-^5 

40.85 

1-57 

14.57 

Average  

1.260 

<kA.OO 

46.00  1 

1. 10 

Newcastle : — 

1.23 

62.70 

37-30 

0.06 

0.20 

To  

72.30 

27.70 

1.85 

13-91 

1.28 

66.00 

34-00 

r.oo 

4.00 

1.28 

66.66 

33*33 

l,TZ 

3-66 

An  official  memorandum  was  adidiwed  to  the  Indian  government,  in 
January,  1867,  by  Dr.  Oldham,  superintendent  of  the  geological  survey  of 
India,  containing  the  results  of  analysis  of  eigh^-one  samples  of  Indian 
coal:  ^owiiq^  the  volatile  matter,  the  fixed  carbon,  and  the  ash.  These 

results  are  given  in  table  No.  143,  and  a  column  is  prefixed  showing  the 
percentage  of  coke,  which  is  arrived  at  by  adding  that  of  the  ash  to  tliat 
of  the  fixed  carbon.  For  comjiarison,  the  results  of  a  similar  analysis  of 
English  coals  saleable  at  Calcutta,  are  added. 

The  distinguishing  characteristic  of  the  Indian  coal  is  the  great  propor- 
tion of  ash  it  contains,  varying  from  per  cent,  tiiough  in  only  one 
instance,  to  59  per  cent,  and  averaging,  for  81  samples,  33  percent  The 
English  coal  saleable  at  Calcutta  has  only  an  average  of  2.7  per  cent  The 
following  are  the  average  compositions  of  Indian  and.  of  coal  at 

Calcutta,  deduced  from  table  Na  143: — 

Oidiaii  coals.  EiigUsheods. 

per  cent.  per  cent. 

Coke,  70.2  ...  70.8 

Fixed  carbon,  47.3  ...  68.1. 

Volatile  matter,  29.6  ...  29.2 

Ash,  23.9  ...  2.7 

showing,  notwithstanding  the  great  excess  of  ash  in  the  composition  of  the 
Indian  coals,  that  tlie  <iuantity  of  volatile  matter  is  about  tlie  same  as  in 
the  English  coals,  about  29  per  cent.  In  the  absence  of  a  full  chemical 
analysis,  it  is  impossible  to  say  how  much  of  this  consists  of  carbon, 
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oxygen,  hydrogen,  and  nitrogen  individcudlj^  and  therefore  the  heating 
power  of  Uie  volatile  matter  cannot  be  estimated. 


Table.  No.  143. — Composition  op  Indian  Coals,  1867. 
Gomfnled  fiaBa.Report  by  Du  QMimaL 


Localiiy. 

[sum  of  Axed 
carbon  and 

Mil). 

Fixed 
carbon. 

tiuiter. 

Kurhurbali  Field: — 

IMrMDC 

per  OBub 

par  cant. 

r 

50.9 

12.6 

4.8 

To  

&7.4 

73- 1 

24.8 

39-2 

79-9 

62.8 

aaa 

17.1 

54-4 

25.2 

28.8 

1-5 

71.2 

57-6 

44.8 

37-6 

60.& 

44-2 

39-3 

16.6 

Ranigunj  Field: — 

59-0 

39-2 

25.6 

1-75  1 

Tn. 

75-0 

03.0 

30-7 

35-2 

65.0 

50.0 

35.0 

55-4 

30.8 

18.0 

1-7 

To  

86.0 

68.4 

44.6 

28.8 

Average  

69.0 

56.3 

3I.Q 

12.7 

Central  India  (Pench  Kiver): — 

52.0 

14.0 

2.2 

To  

86.0 

61.6 

54.0 

48.7 

65.6 

47-4 

32.8 

18.2 

Madras  (Godaveiy  River)  

81.0 

23.2 

19.0 

57.8 

Total  averages  of  Indian  coals. 

70.2 

47-3 

29.6 

2*2.9 

English  coal,  saleable  at  Calcutta: 

70.8 

68.1 

Z9.2 

2.7 

It  may  be  added  that  Dr.  Oldham,  in  1859,  analyzed  two  specimens  of 
aaithracitic  coal  from  Kotlee,  in  die  Punjab,  and  found  their  compositian 
as  follows: — 

Carbon.  Vobtilc  mntMr.  Ath. 

per  cent.  per  cent.  per  cenC 

No.  1  90.5.  4.0    5.5 

No.  2  90.0    6.0    4.0 

Much  of  the  Indian  coal  is  peculiarly  liable  to  disintegration  from  ex- 
posure to  the  atnK)sphere,  particularly  in  the  hot  seasons.  Coal  from  the 
new  Chanda  coaltields  is  reported  to  have  fallen  to  so  small  pieces,  after  a 
short  period  of  exposure,  as  to  have  become  unlit  as  fuel  for  locomotives. 
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COMBUSTION  OF  COAL. 

When  coal  is  exposed  to  heat  in  a  furnace,  the  carbon  a^d  hj^drogen, 
assoctafced  in,  various  chemical  unions,  as  hydrocarbons,  are  volalihzed  and 
pass  off.  At  the  lowest  temperature,  naphthaline,  resins,  and  fluids  with  high 

boiling  points  are  disengaged ;  next,  at  a  hi^er  temperature,  volatile  fluids 
are  disengaged;  and  still  higher,  olefiant  gas,  followed  by  common  gas, 
light  carburetted  hydrogen,  which  continues  to  be  given  off  after  the  coal 
has  reached  a  low  red  heat.  As  the  temperature  rises,  pure  hydrogen  is 
also  given  off,  until  finally,  in  the  fifth  or  highest  stage  of  temperature  for 
distillation,  hydrogen  alone  is  discharged.  What  remains  after  the  distil- 
latory process  is  over,  is  coke,  which  is  the  fixed  or  solid  carbon  of  coal, 
with  earthy  matter,  the  ash  of  the  ooaL 

The  hydrocarbons,  especially  those  which  are  given  off  a£  the  lowest 
temperatures,  being  richest  in  carbon,  constitute  the  flame-making  and 
smoke-making  part  of  the  coal.  When  subjected  to  degrees  of  heat  much 
above  the  temperatures  required  to  vaporize  them,  they  become  decom- 
posed, and  pass  successively  into  more  and  more  permanent  forms  by 
precipitating  portions  of  their  carbon.  At  the  temperature  of  low  redness, 
none  of  them  are  to  be  found,  and  the  olefiant  gas  is  the  densest  type  that 
remains,  mixed  with  carburetted  hydrogen  and  free  hydrogen.  It  is  during 
these  transformations  that  the  great  £>dy  of  smoke  is  nuule,  consisting  of 
precipitated  carbon  passing  off  uncombined.  Even  olefiant  gas,  at  a 
bri^t  red  heat,  deposits  half  its  carbon,  changing  into  carburetted  hydro- 
gen; and  this  gas,  in  its  turn,  may  deposit  the  last  remaining  equivalent  of 
carbon  at  the  highest  furnace  heats,  and  be  converted  into  pure  hydrogen. 

Throughout  aU  this  distillation  and  transfonnation,  the  element  of  hydro- 
gen maintains  a  prior  claim  to  the  oxygen  present  above  the  fuel;  and  until 
it  IS  satisfied,  the  liberated  carbon  remams  unburned. 

Summary  of  the  Products  of  DEOOMFOsrrioN  in  the  Furnace. 

Reverting  to  the  statement  of  the  average  composition  of  coal,  page  415, 
it  was  found  that  the  fixed  carbon  or  coke  remaining  in  the  furnace  after 
the  volatile  portions  of  the  coal  are  driven  off,  averages  61  per  cent,  of  the 
gross  weight  of  tlie  coal.  Taking  it,  for  round  numbers,  at  60  per  cent, 
the  proportion  of  carbon  volatilized  in  combination  with  hydrogen,  will  be 
30  per  cent — ^making  up  the  total  of  80  per  cent  of  constituent  carbon  in 
average  coaL 

Of  the  5  per  cent  of  constituent  hydrogen,  i  part  is  united  to  the  8  per 

cent,  of  oxygen,  in  the  combining  proportions  to  form  water,  and  the 
remaining  4  parts  of  hydrogen  are  found  partly  united  to  the  volatilized 
carbon,  and  partly  free. 

These  particulars  are  embodied  in  the  following  summary'  of  the  condi- 
tion of  the  elements  of  100  pounds  of  average  coal,  after  having  been 
decomposed,  and  prior  to  entering  into  combustion: — 
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loo^Pounds  0/  Average  Coal  in  the  Furnace, 

CompoMtton.  lb*.  lbs.  Decomposition. 


Carbon  J  ^ 

Hydrogen. 


Ash. 


About  100 


lbs. 
60  1 

30 

r 

5 

*■  forming  - 

4 

100  J 

60     fixed  carbon. 

24    hydrocarbons  and  free  hydrogen. 
iX  sulphur. 
9    water  or  steam. 
I'/s  nitrogen, 
4  ash. 

100 


showing  a 'total  useful  combustible  of  86  per  cent,  of  which  26^  per 
cent  is  volatilized.  Whibt  the  decomposition  proceeds,  combustion  pro- 
ceeds, and  the  25)^  per  cent  of  vohitiiized  portioosy  and  the  60  per  cent 

of  fixed  carbon,  successively,  are  burned. 

It  may  be  added  that  the  sulphur  and  a  portion  of  the  nitrogen  are  dis- 
engaged in  combination  with  hydrogen,  as  sulphuretted  hydrogen  and 
ammonia.  But  these  compounds  are  small  in  quantity,  and,  for  the  sake 
of  simplicity,  they  have  not  been  indicated  in  the  above  synopsis. 

Quantity  of  Air  Chemically  Consumed  in  the  Complete 

Combustion  op  Coal, 

Take  coal  of  average  composidon.  Then,  applying  the  rule  i,  page  400, 
the  carbon  C  =  So,  the  available  hydrogen  (H  -  ^)  =  4,  and  the  sulphur 
Ssi.35,  and 

C  +  3  (H  -  O)  +  .4  S  =  80+ 12  +  .5  =  92.5, 

and  92.5  X  1.52  s  140.6  cubic  feet  of  air  at  62%  the  quantity  chemically 
consumed  by  one  pound  of  average  coal. 

To  find  the  proportions  in  which  this  quantity  of  air  is  appropriated  for 
the  volatilized  and  the  iixed  portions  of  the  coal,  as  above  divided,  for 
1 00  lbs.  of  the  fuel: — 

For  the  VoLATtLizED  Portion — 

Hydrogen   4    lbs.  x  457  =  1828  cubic  feet 

Carbon   20     lbs.  x  152  =  3040  „ 

Sulphur   lbs.  X  57=    71  „ 

  4939  cubic  feet 

For  the  Fixed  Portion — 

Carbon  60    lbs.  x  153  s   9x20  „ 

Total  useful  oombusdble,  85    lbs.  149O59  „ 

showing  that  14,059  cubic  feet  of  air  at  62°  are  rec^uired  for  the  complete 
combustion  of  100  lbs.  of  coal  of  average  composidon.   It  is  equivalent 
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to  140.6  cubic  fifitt  of  air  for.  one  pound  of  coal^  as  already  found,  or  in 
round  numbers,  140  cubic  feet,  of  which  there  are  required. 

For  the  volatilized  portions   50  cubic  feet,  or  36  per  cent. 

For  the  fixed  portion   90       „       or  64  „ 

140  100 

The  weight  of  this  quantity  of  air,  dividing  the  volume  by  13.14,  is 

10.7  lbs. 

The  following  table,  No.  144,  gives  the  composition  of,  and  the  quanti- 
ties of  air  chemically  consumed  in  the  complete  combustion-  0^  British 
coals  of  the  highest,  the  lowest,  and  average  heating  powers,  placed 
together  for  comparison.  It  appears  from  the  table  that  the  quantity  of  aor 
chemically  cansumed  in  the  combustion  of  one  pound  of  British  coal  varies^ 
according  to  tbe  compoaitian  of  thftooai,  finom  xr6  to  163  cubic  feet  at 
6a^— 


Table  Na  144. — CoMPARAXtvE  Statement  of  Cohiposition,.  HkAX  of 

GOMBUSTEOH,  AMD  AlR  CBBMICaLLV  CONSSIfSD  BT  BUTISK  COAIS 
OF  THB  HiGHBSX,  LOWBST,  AND  AtSBAOE  QuAUTY. 


QmI' 

(Sakoied  torn  Delabeche  and 
Flsyfiui^t  Report). 

Car  boo. 

1 

Sulphur. 

f  i 

Total  heat  of 
comboation 
ofonapowd 
of coal 

Air  cheoiicallf 
towwuod  in 
the  connplcce 

combustion  of 
one  pound  i 

Y  .  1 

pet*  OBAKi 

jptrcoBt: 

per  oeot. 

uiiiti. 

cubic  feet  ai 

\\  arh'rh's  patent  filcL 

Kbbw  \'alc  

Hasweil  VValisend... 

90.02 

89.78 
S3.47 

5.15 

6.68 

0.39, 
8.17 

1.62 

1.02 
0.06 

16,495 
16,221 

161 
153 

Coal  of  average  com-  1 

80.00 

5.0a 

8uOO^ 

140 

Ihce  Hall,  Pember-  "j 
ton  five  feet  (low-  > 
est  British)  j 

Chiriqiie,  Chili  (low- ) 

68.72 

38.98 

1 

i 

4.76 
4.01 

18.63 
1338 

6.14 

7,349 

f  iH  T  jm 
74 

Gaseous  Products  of  the  Complete  Combustion  of  Coal. 

The  quantity  of  the  paseoiis  products  is  found  by  rules  2  and  3,  pages 
401,  402.    Take,  for  e.xamplc,  the  case  of  coal  of  average  composition. 

I.  By  weight — ^The  percentages  of  carbon,  hydrogen,  sulphur,  and 
nitrogen  are  respectively  80,  5,  1.25,  i.ao.  Then,  by  rule  2,  page  402,  the 
weight  of  the  gaseous  products,  taken  collectivdy,  of  the  combustion  of 
one  pound  of  coal,  is 

(.126  X  80) +  (.358  X  5) +  (.053  X  1.25)  + (.01  X  1.20)  =  11.94  pounds. 
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The  weights  of  the  gases  individually  aie  given  by  the  expressions 
a,    c,  dy  page  401,  as*ibllDWSi — 

Pounds.  Pier  cent. 

Carbonic  acid  0366x80  -"2.93  or  24;; 

Steam  09  x  5      =  .45   or  3.8 

Sulphurous  acid  02x1.25  =  .025  01  0.2 

Nitrogen  =  (.0893  x  80)  +  (.268  x  5)    (.0335  x  1.25)  +  (.01  x  1.20)  «  8.536  or  71^ 

1 1.94.  100.0 

3.  By  volume. — The  total  volume  v  found  by  rule  3,  page  402 ;  thus: — 

(1.52  x  80)  +  (5.52  V  5)  -f  (.567  X  1.25)  +  (.135  X  1.20)  =  150.07  cubic  feet. 

The  volumes  in  detail  are,  by  the  expressions  e,  /,  page  401,  as 
follows : — 

Percent 

Carbonic  acid  513  x. 80    ^  25.2  or  17 

Steam  1.9   x5     =   9.5  or  6 

Sulphurous  acid  1 17  x  1.35  »   0.1$  trace 

J^itrpgen *•  (1.206  x.8o)  +  (3j6iJS  x^)  +  (45  x j.35)  +  (.135  x  j^)  =  115.29  or  77 

rjo.H  100 

showing  that  the  12  pounds  of  gaseous  products  have  a  volume  of  150 
cubic  feet  at  62°,  equal  \o  12^2,  cubic  feet  per  pound.  The  element  of 
nitrogen  is  nearly  three-fourths  by  weight,  and  fully  three-fourths  by  volume, 
of  die  total  quantity  of  gaseous  products. 

The  ie]ativel|r  buiger  volume  the  gaseous  products  at  the  higher  tem- 
perature at  which  they  enter  the  chimney,  is  found  by  the  formula  (  2  ), 
page  347,  repeated  at  page  402.  If  the  final  temperature  be  500°  F.,  the 
final  volume  of  the  gaseous  products  for  one  pound  of  average  coal  is, 

150  5QQ  +  4^i  _  276  cubic  feet; 
^  62+461 

or  nearly  double  the  volume  at  62°.  At  585"  tempeiature,  the  volimie 
would  be  exacUy  double,  or  300  cubic  feet;  and  at  zioS**  F.  it  would  be 
just  three  times  the  normal  volume  at  62^ 

Surplus  Air. 

The  quantity  of  surplus  air  which  passes  off  with  the  products  of  com- 
bustion into  the  chimney,  is  to  be  added  to  that  of  these  products  to  find 
the  total  weight  or  volume  of  the  gases  in  the  chimney,  as  already  stated, 

page  402. 

Taking  the  case  of  coal  of  average  composition,  suppose  that  the 
quantity  of  surplus  air  is  equal  to  that  which  is  chemically  consumed 
by  the  fuel;  then  it  amounts  to  140  cubic  feet  by  volume,  or  10.7  pounds 
by  weight,  for  one  pound  of  coal  consumed;  adding  th^  to  the  weight 
and  the  volume  of  tne  products  of  combustion  above  found,  there  is 

Cubic  feet  at  6a*.  Wc^btbi. 

Gaseous  products  of  combustion  per  lb.  of  coal,  ...150    12 

Surplus  air  „         „    ...140    10.7 

Total  escaping  gases,  290    22.7 
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When  the  quantity  of  stuplus  air  is  leas  than  that  i^ch  is  dienucally 

consumed,  the  volume  and  weight  to  be  added  to  those  of  the  products  of 
combustion,  are  less  thui  140  cubic  feet  and  10.7  pounds  respectively,  in 

the  same  proportion. 

The  total  quantity  of  escaping  gases,  therefore,  produced  by  the  com- 
bustion of  one  pound  of  average  coal,  varies  according  to  the  proportion  of 
surplus  air — • 

From  150  cubic  feet  to  390  cubic  feet,  at  63^; 
From  276      „      to  533      „       at  500*; 
From  13  pounds  to  33.7  pounds  in  weight 

It  is  here  assumed  that  the  maximum  quantity  of  surplus  air  does  not 
exceed  the  quantity  of  air  chemically  consumed. 

Toi'AL  Heat  of  Combustion  of  British  Coals. 

The  total  heat  of  combustion  of  coal  of  average  composition,  haviog 
80  per  cent  of  carbon,  5  per  cent  of  hydrogen,  8  per  cent  of  oxygen, 
and  1.35  per  cent  of  sulphur,  is,  by  rule  4,  page  406, 

145  (80  +  4.28  ( 5  -  8/3)  +  (0-28  X  1.25) )  -  14,133  units. 

The  heating  power,  expressed  in  pounds  of  water  evaporable  under  one 
atmosphere  by  one  pound  of  the  fuel,  is,  by  rule  5,  p.  406,  as  follows: — 
When  the  water  is  supplied  at  62^  the  total  evaporative  power  is 

0.13  (804-4.3S  (  5  -  Vt  )-f(o.38  X  1.35))  s  13.67  pounds  of  water. 

When  the  water  is  supplied  at  212°  the  evaporative  power  is 
0.15  (80  4-  4.38  ( 5  -  Vs )  +       ^  ^*^5) )  -  '4*^>  pounds  of  water. 

The  total  heat  of  combustion  of  British  coals  is  given  in  table  No.  136, 
page  414;  and  for  contrast  in  table  No.  144,  above. 


COKK 

The  quantity  of  residuary  coke  in  various  coals,  was  found  by  laboratoiy 
analysis  as  follows  (see  previous  tables): — 

(Excluding  anthracites,)  CoKK.  COKU. 

^  *  '  per  cent.  per  cent. 

English  coals                       50  to  72  Average  61.4 

American  coals                      64  to  86  „  76.4 

French  coals                         53  to  76  „  64.5 

Indian  coals                        52  to  84  „  70.2 

Anthrarite  coke  scarcely  deserves  the  name;  it  is  without  cohesion,  and 
pulverulent    The  best  coke, — from  bituminous  coal, — is  clean,  crystalline, 

and  porous;  and  it  is  formed  in  columnar  masses.  It  has  a  steel-gray 
colour,  possesses  a  metallic  lustre,  with  a  metallic  ring  when  struck,  and  is 
so  l\ard  a^  to  be  capable  of  cutting  glass. 
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The  quality  of  coke  obviously  depends,  in  a  great  measure,  on  the  propor- 
tions of  the  constituent  hydrogen  and  oxygen  of  the  coal  from  which  it  is 
made,  which  regulate  tbe  de^^  of  fusibility  of  the  ooal  when  exposed  to 
heat  Taking,  for  example,  me  particulars  of  the  coke  produced  from  the 
French  coals,  table  No.  139,  and  arranging  the  averages  for  each  kind  of 
coal  in  the  order  of  the  quantity  of  hydrogen  in  excess,  the  nature  of  the 
coke  produced,  as  described  by  M.  Pedet,  was  as  follows: — 


Hjfdnani. 

Oxygen 

and 
Nitrogen. 

Hytlragui 

Natufeof  Uw 

cdM. 

percent. 

percent 

percwt 

2.67 

2.85 

pulverulent 

5-23 

16.01 

309 

in  fragments 

5-35 

8.63 

4-15 

porous 

Bituminous  hard  coals  

4.88 

438 

4.27 

porous 

5.08 

5-65 

4.30 

very  porous 

Showing  a  series  of  five  coals,  with  an  ascending  series  of  hydrogen  in 
excess,  from  2.43  to  4.30  per  cent   The  nature  of  the  cokes  advances 

correspondingly  from  pulverulent  or  powdery,  to  veiy  porous  or  excessively 
fused  and  raised.   The  first  is,  in  fact,  a  failure  as  a  coke,  and  the  second, 

\nth  3.09  per  cent,  of  hydrogen  in  excess,  barely  coheres,  being  in  frag- 
ments; the  third  and  fourth,  with  about  4.20  per  cent,  of  hydrogen  in 
excess,  produce  a  porous  and  cohesive  coke,  and  the  fifth  an  excessively 
porous  coke, — bright,  but  comparatively  light  for  metallurgical  operations. 

From  this  it  appears  that  a  coal  having  less  than  3  per  cent  of  hydrogen 
in  excess,  is  unfit  for  coke-making;  and  that,  for  the  manufitctnre  of  good 
coke,  coal  containing  at  least  4  per  cent  of  free  hydrogen  is  required. 

It  is  not  clear  in  what  manner  the  presence  of  free  hydrogen  operates  in 
fusing  the  substance  of  the  coal;  unless,  probably,  that  the  hydrogen 
being  in  combination  with  carbon  in  various  proportions  to  form  tar 
and  oils,  softens  the  fixed  carbon,  and  forms  a  pasty  mass,  which  is  raised 
like  bread  by  the  expansion  of  the  confined  gases  and  vai)Ours  seeking  to 
escape.  The  increasing  proportions  of  volatilized  matter  which  is  raised  by 
heat,  successively,  from  anthracites,  bituminous,  and  caking  coals,  are  clearly 
exemplified  by  the  analyses  of  American  coals  in  table  No.  138,  page  419 ; 
and  diey  evidently  have  relation  to  an  increase  of  the  hydn^en  in  excess 
above  that  required  to  form  water  with  the  constituent  oxygea  They  are 
as  follows: — 


Ambkicam  Coal*. 


Voi.ATII.IZF.t) 

Matter. 


Prouucbd. 


Anthracite   5.16 

Free  burning  bituminous  coals   16.48 

Bituminous  caking  coals   30*99 


94.S3 

83.68 
69.01 


The  increasing  volatilized  matter  explains,  as  above  sug|;ested,  the  increas- 
ing porosity  and  bulk  of  the  coke  yielded  by  the  respective  coals. 
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Anthracitic  Coke. 


By  a  process  recently  introduced  at  Swansea  by  Messrs.  Pflnrose  & 
Richards,  and  described  by  Mr.  W.  Hackney,^  anthracite  has  been  sucoew- 
fiilly  used  as  the  basis  of  a  coke,  manufactured  from  the  following  mixture:— 
Anthracite,  60  per  cent. ;  Bituminous  coal,  35  per  cent. ;  Pitch,  5  per  cent 
The  materials  are  crushed  and  mixed  together  through  a  disintegrator.  The 
yield  of  coke  is  80  per  cent,  of  the  weight  of  the  charge.  The  coke  is 
steel-gray  in  colour,  and  so  hard  as  to  scratch  glass  easily  ;  and  it  is  about 
23  per  cent  heavier  than  the  best  WeUh  coke.  It  bums  in  a  common  fire, 
or  in  a  blast  fmnace^  without  any  sign  of  crumbling. 


QuANmr  OF  Cokb  Yielded  by  Coal. 

The  quantity  of  coke  produced,  on  the  large  scale,  from  coal  varies  from 
60  to  80  per  cent  in  weight    The  following  are  examples  of  tlie  yield: — 

Coals.  CbKB  Produced. 

Andrew's  House,  Taniield   65  per  cent  of  the  coal. 

Bristol   60  to  63.5     „  „ 

Kilsyth   60  „  „ 

Mons   7  7  to  80        „  „ 

Seraing   67 


In  general,  the  yield  of  good  ooke.is  about  two-thiids,  or  66  per  cent  of 

the  coal. 

The  whole  of  the  coke  matter  in  coal  cannot  be  extracted  from  it,  on  the 
large  scale;  a  portion  of  it  is  burned  off.  Thus,  Seraing  coal,  from  which 
67  per  cent  of  coke  was  made,  on  tlie  large  scale,  yielded  80  per  cent  of 
ooke,  by  labomtmy  analysis. 

Weight  and  Bulk  of  Coke. 

Coal  expands  in  volume  in  the  coking  process,  insomuch  that  the 
volume  of  the  resulting  coke  is  greater  by  from  10  to  30  ])er  cent,  than  that 
of  the  coal  from  which  it  is  made.  Tanfield  coke  has  j  i  per  cent  more 
volume  than  the  coal  from  which  it  is  made ;  and  as  the  specific  gravity  of 
the  coal  is  1.26,  that  of  the  coke  is  0.74,  cakulated  as  follows: — 

1.26  X  - 

I.I  I  X  iOO 

The  weight  and  volume  of  Taniield  coal,  and  of  coke  made  from  it,  are 
as  follows: — 

Specific       Wewht  of  i  cubit      Weight  of  i  culuc     Volume  of  t 
gravity.  foot,  solid.  foot,  heaped.         ton,  heaped. 

Tanfield  coal...  1.26        78.57  lbs.        52.19  lbs.        42.92  cubic  feet 
Do.    coke    0.74        46.14  f,  50.00  „  74-66  „ 

Mickleycoke  weighs  28  lbs.  per  cubic  foot,  heaped,  and  measures  in  bulk 
80  cub.  ft.  per  ton.   Gas  coke  weighs  from  1 2  ^2  cwt.  to  1 5  cwt  per  chaldron. 

'  In  a  paper  read  at  the  meettng  of  tiie  Iron  and  Stod  Institute,  1875,  pnblitlied  in 
Et^guum^g,  November  12, 1875. 
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The  American  cokes,  from  Midlothiaa,  Va^  and  Cumberland,  Md., 
averaged  a  weight  of  32.13  lbs.  per  cubic  foot,  heaped,  and  a  volume  of 

69.8  cubic  feet  per  ton. 

The  coke  used  for  smdtmg  fiimaces  in  France  weighs,  ordinarily,  25  lbs. 

per  cubic  foot,  heaped,  and  measures,  in  bulk,  about  90  cubic  feet  per  ton. 
Of  the  Seraing  coking  coal,  and  the  coke  j)ro(iuced  from  it,  the  weight  and 
bulk  are  as  follows, — assuming  that  the  coal  is  the  .same  as  average  New- 
castle coal,  with  which  it  is  almost  identical  in  chemical  composition: — 

Wdffbt  of  I  cubic  Volune  of  >  too, 

foot,  heaped.  helped. 

Seraing  coal   50  lbs.         45  cubic  feet 

Do.   coke   31  „  73  „ 

From  the  foregoing  particulars  it  may  be  gathered  that  coke  of  good  quality 
weighs  from  40  to  50  lbs.  per  cubic  foot  solid,  and  about  30  lbs.  per  cubic 
foot,  heaped;  and  that  the  average  volume  of  one  ton  is  75  cubic  feet, 
varying  from  70  to  80  cubic  feet  per  ton. 


COMFOSmON  OF  COKK. 


For  all  purposes,  the  less  ash  there  is  in  coke  the  more  valuable  it  is. 
Pure  coke,  if  such  there  be,  consists  entirely  of  carbon.    But  in  practice, 

coke  consists  of  carbon,  sulphur,  and  ash.  The  purest  coke  known  is 
Ramsay's  Garesfield  coke.  The  composition,  as  ascertained  by  analysis 
by  Dr.  Kichardson,  is  as  follows: — 

Carbon   97.6  percent 

Sulphur   0.85  „ 

Ash   1.55  „ 

100.00 

The  composition  of  Duriiam  coke  varies  within  the  following  limits:— 

Carbon   85  to  92  per  cent 

Sulphur    {o  2 

Ash   4  to  12 


Dr.  Muspratt  gives  the  results  of  nineteen  analyses  of  coke  of  the  usual 

qualities  supplied  to  manufacturers;  they  are  here  given  in  table  No.  145, 
arranged  in  the  order  of  the  percentages  of  carbon,  the  in  the  list  being 
Ramsay's  coke  above-mentioned. 

¥oT  the  service  of  locomotives  on  railways,  coke,  besides  being  dense 
and  liard,  should  not  contain  more  than  6  per  cent  of  ash  to  insure  its 
passing  as  coke  of  good  quality;  with  9  per  cent  of  ash,  it  is  of  mediocre 
quality;  with  12  per  cent  of  ash,  it  is  decidedly  bad  coke. 

The  washing  of  coal  destined  for  the  formation  of  coke  has  already  been 
described.  Its  effect  in  removing  the  earthy  matter  and  in  improving  the 
quality  of  the  coke  has  already  V)een  referred  to.  Suppose  a  coal  which,  in 
its  ordinary  condition,  yields  a  coke  containing  from  10  to  15  i)er  cent,  of 
ash,  the  effect  of  previously  washing  the  coal  would  be  to  reduce  the 
quantity  of  ash  in  the  coke  to  from  4  to  6  per  cent. 
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Table  Na  145. — Comfosition  of  Cokes. 

Arranged  from  data  given  by  Dr.  Muspratt 


No.  OF  COKB. 


COMrO&lTlON. 


Cifbgn.  i  Sulphur. 


I 
2 

3 

4 

5 
6 

7 
8 

9 

JO 


per  cent. 
97.60 
96.42 

95-51 
94.67 

94.31 
94.21 

94.08 

9354 
93-4 « 
93-05 


per  cent. 
0.85 
0.83 
1.64 
1.07 
0.73 
0.69 
0.88 
0.76 
0.79 
1.58 


Ash. 


per  cent. 

1-55 

2.75 
2.85 

4.26 

4-  97 
5.10 

5-  04 

5.80 
5-37 


Com  POSITION. 


No.  OF  COKB. 


II 
12 

13 
14 

15 
16 

17 
18 

19 


Carbon. 


per  cent. 
92.70 
92.44 
91.49 
91.16 

9053 
89.87 

89.69 

85-^5 
84.82 


Snlplwr. 


Average  of ) 
19  cokes  J 


93-44 


per  cent. 
1.60 

■56 

1.46 
I.I9 

I.OX 

1.78 

X.96 

2.08 

0.78 


1.23 


per  cent. 

5-70 
6.00 

7-05 

7-  65 
8.46 

8-  35 

8.35 
12.07 

14.40 


5-34 


MoiSTUR£  IN  Coke. 

Coke  is  capable  of  absorbing  from  15  to  20  per  cent  of  its  weight  of 
water.    It  has  been  found  to  absorb  as  much  as  8  per  cent  of  water  on  its 

way  from  the  ovens  to  its  destination  in  uncovered  waggons.  Directly 
exposed  to  rain,  it  may  absorb  as  much  as  50  per  cent,  of  its  weight  of 
water;  the  most  part  of  which  is  afterwards  quickly  evaporated,  leaving 
from  5  to  10  per  cent,  in  the  coke. 

Loss  OF  Combustible  Matter  in  the  Conversion  of  Coal  into  Coke. 

Peclet  quotes  the  experience  with  Alais  coal,  a  bituminous  hard  coal, 
having  the  average  composition  of  the  coals  used  for  the  manufacture  of 
coke  at  Seraing: — 

Percent. 

Carbon,   89- 2  7 

Hydrogen,   4.85 

Oxygen  and  nitrogen,   4.47 

Ash,   1.41 


100.00 


The  yield  of  coke  is  67  per  cent.,  and  deducting  the  ash,  1.41  per  cent., 
there  remains  65.59  per  cent,  as  carbon  in  the  coke.  The  total  loss  of 
combustible  matter  in  parts  of  the  coal  is  then — 

Percent 

Carbon,  89.27-65.59  =  23.68 

Hydrogen,   4.85 

The  heat  of  combustion  of  the  lost  carbon  and  hydrogen  is,  by  rule  4, 
page  406, 
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145  (23'6»  +  42*  (4-85  -  ^)  )  «  6096  units» 

showing  a  loss  of  40  per  cent,  of  the  total  heating  power  of  the  coal,  which 
is  15,606  units. 

Air  consumed  in  the  Complete  Combustion  of  Coke. 

The  quantity  of  air  chemically  consuined  in  the  complete  combustioii  of 
coke  is  found  by  means  of  rule  i,  page  40a   Take,  for  example,  coke 

of  average  composition,  having  93.44  per  cent,  of  carbon,  and  1.22 
per  cent,  of  sulphur.   By  the  formula,  the  volume  of  air  at  62°  chemically 

consumed  is 

1.52  (93.44 +  (1.22  X  0.4)  )  =  1,52  X  93.93  =^  142.8  cubic  feet. 

To  find  the  weight  of  this  quantity  of  air,  divide  the  volume  by  13.14, 

and  the  f|untient  is  the  weight,  10.87  lbs. 

Similarly,  the  air  chemically  consumed  by  the  best  and  worst  cokes,  in 
table  No.  145,  is  found,  and  the  quantities  for  the  three  cokes  are  here 
placed  together  ior  comparison : — 

Carbon.     Sulphur.        Ash.      Quantity  of  Air  Chkmically  Consumho. 
percent    poroott.    peremt         VoluoMatfe*.  Weight 


Na  1  97.60    0.85      1.55     148.9  cubic  feet  11.331118. 

No.  19.  8482     0.78     1440     138.9       n  9*^1  >» 

Average  coke...93.44     1.33      5.34     143.8      „         ia87  „ 

Gaseous  Products  of  the  Combustion  of  Coke. 

The  combustible  elements  of  coke — carbon  and  sulphur — produce  car- 
bonic acid  and  suli)hurous  acid.  These,  together  with  the  nitrogen  of  the 
air  chemically  consumed,  constitute  the  products  of  combustion.  By 
rule  2,  page  401,  the  weight  of  these  products  is  as  follows,  for  coke  of 
average  compositioa-^th  93.44  per  cent  of  carbon  and  1.33  per  cent 
of  sulphur: — 

Pkodicts.  Pounds.  Peroaat. 

Carbonic  acid,  93-44  x  .0366  =  3.42  or  38.4 

Sulphurous  add,   1.22  x. 02     =0.24  or  2.0 

Nittogen,  (93-44  >^  -0^93)  +  (1-22  x  .0335)  =  8.38  or  69.6 


Total  weight,   12.04  or  100.0 

showing  a  total  weight  of  1 2  lbs.  of  gaseous  products  for  one  pound  of 
average  coke— the  same  weight  as  was  found  for  average  coal  (i>age  428). 

The  volume  of  the  gaseous  products,  at  62°  F.,  is  found  from  the  per- 
centages of  the  combustibles  by  the  data  ( f )  {^^ )  (h),  page  401,  respec- 
tively as  follows:— 

Pkhwcts.  Cubic  feet  at  6a*.  Feroent. 

Carbonic  acid,  93-44  ^*Z^S  =  29*43 

Sulphurous  add,   1.33  x.  117  =    0.14  or  o.t 

Nitrogen  (93-44^  i.3o6)+(i.33  x  .45)=  113.35  or  79.3 


Total  volume,  14 2. 8 2  or  100.0 

Showing  a  total  volume,  as  at  63^  of  about  143  cubic  feet  of  gaseous 
products  for  one  pound  of  average  coke. 
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Heating  Power  op  Coke. 

The  heating  iiower  of  coke  is  calculated  directly  from  the  quantity  of 
constituent  carbon,  if  the  sulphur  be  neglected.  Taking,  for  example, 
the  first  and  the  last  samples  of  coke,  of  which  the  analyses  are  given 
in  table  Na  145,  with  coke  of  average  composition,  the  percentages  of 
constituent  carbon  are  as  follows,  to  which  are  added  the  heating  powers  of 
one  pound  of  the  foels,  calculated  by  rules  ( 4 )  and  ( 5  ),  page  406: — 

Constituent   Total  Heatillg      Toul  Evaporative 
Qf^iC^  Carbon.  Poiwr.  Power  from 

perccBt.      units  of  heat.         water  at  a»'. 

No.  1   97.60      14,150      14.64  pounds* 

Na  19   84.83      12,300      13.73  „ 

Average  coke   93.44      I3»55®      ^4.o3  „ 

Temper-viure  of  Comkustion  of  Coke. 

TTie  temperature  of  combustion  of  carbon,  whidi  is  the  combustible 
matter  of  coke,  was  found,  page  407,  to  be  4S77  F.  when  completely 
burned.  It  may  therefore  be  assumed  that  the  temperature  of  combustion 
of  coke  is  under  5000^  F. 

LIGNITE  AND  ASPHALTE. 

Lignite,  or  as  it  is  occasionally  called,  brown  coal,  though  it  is  often  found 
of  a  black  colour,  belongs  to  a  more  recent  formation — ^the  tertiary — than 
coal  It  is  in  fact  an  impofect  coal.  Brown  lignite  is  sometimes  of  a 
woody  texture,  somedmes  earthy.  Black  lignite  is  either  of  a  woody 
texture,  or  it  is  homogeneous,  with  a  resinous  fracture.  Some  lignites,  more 
fully  developed,  are  of  a  schistose  character,  with  pyrites  in  their  composi 
tion.  The  ( oke  proiUu  ed  from  various  lignites  is  either  pulverulent,  like 
that  of  anthracite,  or  it  retains  the  forms  of  the  original  tibres.  Lignite  is 
less  dense  than  coal. 

The  table  No.  146  contains  the  composition  of  lignites  of  various  quali- 
ties, including  the  hygrometric  mobture. 

Table  No.  147  contains  the  results  of  analyses  and  other  parti cidars  of 
lignites  and  of  asphalte,  according  to  Regnault  See  also  table  No.  141, 
page  433. 

TaUe  No.  X4d.*-DEMSITY  and  Composition  of  various  Lignites, 
INCLUDING  Hygrometric  Moisture. 


.'specific 
gravity. 


1. 12 


1. 13 


.Mcissnor    red  brown,  woody 

Rhfinhardswakle    ^'ray  or 
black,  with  abundance  of  , 
resin  )  I, 

Mcissner  —  brilliant  bhick,S 
fracture    Hbrous,    lustre  >  {l  I.33 
vitreous  3 

Hirschberg-brownish  black, } 
in  tree-like  masses  \ 


«-35 


Hydro- 
gen. 

Oxygen. 

Nitro- 
gen. 

Ash. 

Moii- 
ture. 

p.  cent 
SI.24 

pia  OBDt. 

4.17 

p.  cent 
53.33 

p.  CiBt 

ai7 

p.  oenL 

a8o 

p.  cent. 
10.30 

58.78 

4.04 

20.80 

0.15 

5-94 

10. 28 

70.0 

3.19 

17.59 

ai2 

5.47 

3.63 

60.30 

4.86 

20.17 

0.12 

3.»7 

U.39 
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Asphalts. 

Asphalte,  like  lignite,  has  a  large  proportion  of  hydrogen.  It  has  less 
than  9  per  cent,  of  oxygen  and  nitrogen,  and  thus  leaves  8^  per  cent,  of 
free  hydrogen,  and  it  accordingly  )'ields  a  porous  coke. 

The  average  compositioii  of  perfect  lignite  and  of  asphalte  may  be  taken 
in  whole  numbers  as  follows: — 

Carbon   69  per  cent  79  per  cent 

Hydrogen   5      »  9  »» 

Oxygen  and  nitrogen   20     „         9  „ 

Ash   6     „  3  m 

100  100 
Coke,  by  laboratory  analysis        47     „  9  „ 

The  lignites  are  distinguished  from  coal  by  the  large  proportion  of 
oxygen  in  their  composition — from  13  to  29  per  cent.,  which  goes  far  to 
neutralize  the  hydrogen,  so  that  for  the  first  and  second  lignites  the  free 
hydrogen  is  less  than  3  per  cent  For  the  third — ^bituminous  lignite — ^the 
free  hydrogen  amounts  to  nearly  6  per  cent.,  and  the  varied  effect  of  the 
proportion  of  free  hydrogen  is  visible  on  the  nature  of  the  coke  of  lignite* 
as  was  found  in  the  case  of  the  coke  of  coal.  Thus, 

With  S.64  per  cent  of  free  hydrogen,  the  coke  is  pulverulent 
„    1.75  „  „  like  wood  charcoal 

„   5.76  „  n  „  raised  and  porous. 

The  small  yield  of  coke  from  asphalte — only  9  per  cent — ^though  the 
constituent  carbon  amounts  to  79  per  cent,  is  evidently  caused  by  the  great 
amount  of  free  hydrogen  volatilizing  a  large  proportion  of  the  carbon. 

Total  Heating  Power  of  Lignite  and  Asphalte. 

The  total  beating  power  of  li^ite  and  asphalte,  in  units  of  heat,  and  their 
equivalent  evaporative  powers  m  water  from  2I2^  under  one  atmosphere^ 
are  as  follows:^ 


Fuel 


Peiftct  lignite  

Imperfect  lignite  

Bituminous  lignite  


anits  of  heat 
11,678 

91834 
14,449 


Asphalte   ...  16,655 


Toud  mnvonttve  power 
in  wMw  from  ««*p8r 
pound  of  fiid. 


12.10 
10.18 
14.96 
17.24 


It  may  be  observed,  with  reference  to  the  lignites  noted  in  table  No.  141^ 
that  the  more  perfectly  converted  lignites  possess  the  greatest  heating 
power.  There  is  a  fine  distinction  between  lignite  passing  to  fossil  wood, 
and  fossil  wood  passing  to  lignite;  their  heating  powers  are  nearly  equal 
to  each  other,  and  both  are  less  than  the  heatmg  powers  of  the  perfect 
lignites. 
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WOOD. 

Wood,  as  a  combusriblc,  is  divisible  into  two  classes: — ist.  The  hard, 
compact,  and  comparatively  heavy  woods,  as  oak,  beech,  elm,  ash;  2d.  The 
light-coloured,  soft,  and  comparatively  light  woods,  as  pine,  birch,  poplar. 
In  France,  firewood  is  classed  as  fresh  wood  {bois  neuf)^  carried  by  land  or 
water  to  its  destination;  raft  wood  {pois  flotte)^  floated  to  its  destination; 
and  peeled  wood  (b&is pidard),  or  oak  stripped  of  its  bark. 

According  to  M.  Leplay,  green  wood,  when  cut  down,  contains  about 
45  per  cent  of  its  wdgtit  of  moistoie  In  tlie  forests  of  Central  Europe, 
nood  cut  down  in  winter  holds,  at  the  end  of  the  following  summer,  more 
than  40  per  cent  of  water.  Wood  kept  for  sevoal  years  in  a  dry  place 
retains  fiom  15  to  20  per  cent  of  water. 

Wood  which  has  been  thoroughly  desiccated,  will,  when  exposed  to  air 
under  ordinary  circumstances,  absorb  5  per  cent,  of  water  in  the  first  three 
dajrs;  and  will  continue  to  absorb  it,  until  it  reaches  from  14  to  16  per 
cent.,  as  a  normal  standard.  The  amount  fluctuates  above  and  below  this 
standard,  according  to  the  state  of  the  atmosphere. 

M.  Violette  found  that,  by  exposing  green  wood  to  a  temperature  of 
212"  F.,  it  lost  45  per  cent,  of  its  weight,  which  accords  with  the  obsena- 
tion  of  M.  Leplay.  He  further  found  that  by  exposing  small  prisms  of  wood 
half  an  inch  square  and  eight  inches  long,  cut  out  of  billets  that  had  been 
stored  for  two  years,  to  the  action  of  superheated  steam,  for  two  hours,  they 
lost  from  15  to  45  per  cent  of  their  weight,  acoGHrding  to  tiie  temperature  <ir 
the  steam,  which  varied  fifom  257*  F.  to  437**  F.  ( 1 25°  C.  to  225'*  C).  The 
following  are  the  particulars  for  four  woods: — 


Temperature  of 
Desiccation. 

Loss  or  Weight. 

Oak. 

Ash. 

Elm. 

W.^lnul. 

125*  C.  or  257*  F. 

pcroeaL 

PMT  OBBt. 

percent. 

per  cent. 

15.26 

14.78 

1555 

150      »  302 

17-93 

16.19 

17.02 

17.43 

175       »»  347 

3213 

21.22 

36.94 

21.79 

200       „  392 

35.80 

27-51 

33.38  (?) 

41-77  (?) 

225       „  437 

4431 

33-38 

40.56 

3656 

The  hardest  wood,  oak,  lost,  according  to  this  statement,  more  weight 
than  the  softer  woods.  The  observations  queried  appear  to  have  been 
errors  of  observation.  At  a  temperature  of  200*  C,  or  392'  F.,  wood 
becomes  visibly  altered,  and  the  alteration,  or  decomposition,  may  likely 
commence  at  a  lower  temperature ;  and  it  may  be  that  the  losses  of  weight 
are  not  entirely  due  to  a  reduction  of  hygrometric  water.  A  higher  tempera- 
ture than  2 1 2^  F.  appears  to  be  necessary  to  disengage  all  the  water. 

Ordinary  firewood  contains,  by  analysis,  from  27  to  80  per  cent  of 
hygrometric  moisture. 
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Composition  of  Wood. 


M.  Gievandier,  in  i  S44,  published  the  xesults  of  analysis  of  five  woods, — 
beech,  oak,  birch,  poplar,  and  willow.  The  woods  were  reduced  to  powdeiv 
and  desiccated  at  a  temperature  of  140°  C,  or  284*^  F.,  before  being  sub- 
mitted to  analysis.   The  results  of  analysis  are  given  in  table  Na  14& 

Table  No.  148. — Composition  of  Woods. 
(From  AmlTsit  bf  M.  Gag^  Cbmidiar,  1844.) 


■  1 

Composition. 

Woods. 

Qurbon. 

Hydfogen. 

Aak. 

AMI. 

! 

per  cent. 

per  COT  I. 

per  cent. 

per  cent. 

per  cent. 

49-3<> 

6.01 

42.69 

0.91 

1.00 

Oak  

49.64 

5-92 

41.16 

1.29 

1.97 

Birch    

50.20 

6.20 

41.62 

i-»5 

0.81 

49-37 

6.21 

41.60 

0.96 

1.86 

Willow  

49.96 

5-96 

3956 

0.96 

3-37 

Twigs  and  Branches  composing  the  Fagots 

SO.  1 7 

6.12 

40.38 

1.77 

49.96 

6.02 

41.10 

1. 00 

1.90 

51-24 

6.22 

40.17 

1.05 

1.32 

4950 

6.09 

40- 43 

1. 00 

2.98 

Willow  

5154 

6.26 

36.21 

I.4I 

4-57 

49.70 

6.06 

41.30 

1.05 

1.80 

1 

50.46 

6.14 

39.65 

I.II 

2.50 

There  is  a  remarkable  nearness  to  identity  in  the  composition  of  these 
woods,  and  also  in  the  composition  of  the  trunk  and  the  branches. 
The  results  show  that  the  composition  of  woods  is  practically  as  follows: — 

Carbon   50  per  cent 

Hydrogen  •   6  „ 

Oxygen   41  „ 

Nitrogen   i  „ 

Ash   2  „ 

100 

Showing  that  there  is  only  56  per  cent  of  combustible  matter,  that  there 
is  a  laige  quantity  of  oxygen,  nearly  sufficient  to  neutralize  the  whole  of  die 

hydrogen,  and  that  there  is  only  2  per  cent  of  ash. 

The  above-mentioned  analysis  is  corroborated  by  the  analysis  of  M. 
Violette,  who  ascertained  the  com])osition  of  different  parts  of  the  same 
tree,  desiccated  at  a  temperature  of  So"'  C.  Or  176^  F.,  with  the  results 
given  in  the  following  table  No.  149: — 
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Table  Na  149. — Composition  op  thb  Various  Meiibers 

OF  ONE  Tree. 


(From  Analysis  by  M.  Violette. ) 


^  ^               I-.    .  - 

CoMPosmoH. 

OvbflB. 

Oxyfren  and 
N  itrogcn. 

Aih. 

Mcdtum  branches  < 
Ijuf^t  branches... 
Trunk   j 

MeSnm  root  ^ 

Small  roots  with  ba 

barlv 

wuocl  

^roo^L»«*  •  •  • 
fbMk  

wood. 

bark . .  •  •  • .  •  • . 

\  bark   

[  wood  

rk  

per  cent, 

45.01 

48.36 
48.85 
49.90 
46.S7 
48.00 
46.27 
48.92 
49.08 

49-  32 

50-  37 

47-39 
45-o6 

percott. 

6.97 

6.60 

6.34 
6.61 

5-57 
6.47 

5-93 
6.46 

6.02 

6.29 

6.07 

6.26 

5-04 

farcMb 

40.91 

44.73 
41.12 

4336 

44.66 

45.17 
44.75 

44.32 

48.76 
44. 1 1 
41.92 
46.13 

43-50 

7.12 

0.30 
3.68 
0.13 
2.90 

2M 
0.30 

1. 13 

0.23 
1.64 
0.22 
5-01 

Avenges: — 

Woof  1  

45.01 

49.00 
48.66 
45.06 

6.97 

6  ^  1 

6.45 
S-04 

40.91 

43-00 
44,64 

45.50 

7.12 
2.58 
0.25 
5.01 

Here  it  appears  that  the  coi"ni)osition  of  the  wood  is  about  the  same 
throughout  the  tree,  and  that  of  the  bark  also  ;  that  the  wood  and  tiie  bark 
liave  about  the  same  proportion  of  carbon,  49  per  cent.,  but  Hiat  the  bark 
has  more  ash  than  the  wood.  The  leaves  and  the  small  roots  have 
less  caibon  than  the  wood,— only  45  per  cent;  and  more  ash, — 7  and  5 
per  cent. 

The  leaves  when  dried  at  100^  C*  lost  60  per  cent  of  water,  and  the 
branches  45  per  cent 

Composition  of  Ordinary  Firewood. 

The  respective  percentages  of  the  constituent  elements  of  stacked  wood 
in  its  ordmaiy  state  are,  of  course,  reduced  in  amount  when  the  water  is 
taken  into  account  Thus,  in  the  following  analysis  of  ordinary  firewood, 
containing  25  per  cent  of  moisture,  the  carbon  constitutes  only  37.5  per 
cent  of  the  hiel: — 
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per  06ML 


Hygro metric  water   25 

Carbon   37.5 

Hydrogen   4.5 

Oxygen   30.75 

Nitrogen   0.75 

Ash   1.5 


X00.00 

Weight  and  Bulk  of  Wood. 

The  density  of  a  large  number  of  woods  has  already  been  given  in  table 
No.  65,  page  208.  These  values  can,  in  most  instances,  only  be  given 
as  a[)proximate,  for  the  density  changes  with  the  hygrometric  condition  of 
the  wood,  'i'he  specific  gravity  varies  from  1.35,  that  of  pomegranate, 
to  0.24,  that  of  cork  wood. 

The  density  of  the  ligneous  fibre  of  which  wood  is  formed,  has  been 
ascertained  by  M.  Violette,  from  a  great  number  of  observations.  The 
samples  of  wood  were  reduced  to  powder  in  a  mortar,  and  dried  at  a 
temperature  of  loo*'  C.  He  found  that  the  fibre  of  all  woods  had  the  same 
density,  and  that  its  specific  gravity  was  1.50. 

It  is  said  that  the  quantity  of  intersticial  space  in  a  closely-packed  pile  of 


Table  No.  150. — Of  the  Weight  and  Bulk  of  Woods  in  France. 


Woods  in  ordinaiy       of  dryness. 

j     Weight  of  one 
'  cubic  loot,  heaped. 

Bttlkof 
one  ton,  heaped. 

1  poinds. 

cubic  fML 

Firewood  

'  21.9  to  23.4 

102.3  to  95.7 

Wood  for  charring,  hard  and  soft,  cut  up 

1  18.8 

I  I9.I 

Do.       do.     hard  wood,  cut  up... 

234 

95-7 

1  22.4  to  23.7 

ICQ  to  94.4 

17-3 

19.8 

II3.I 

23- 7 

94.4 

19.0 

It  8.0 

19.6 

1 14.2 

Yoke-elm,  cut  up  

23.1 

97.0 

18.6 

120.3 

19.5 

I  14.6 

Birch,  cut  up  

21. 1 

106. 1 

16.8 

133-3 

Fir  

16.0 

14a  I 

18.3 

138.4 

18.0 

124.7 

17.0 

131-4 

21.0 

106.0 

20.0 

1 14.0 

Digitized  by  Google 


COMBUSTION  OF  WOOD. 


443 


wood,  consisting  of  uncloven  stems,  is  30  per  cent  of  the  gross  bulk;  for 
cloven  stems,  &  intersdcial  space  amounts  to  from  40  to  50  per  cent 

A  cord  of  pine  wood, — that  is,  of  pine  wood  cut  up  and  piled, — ^in  the 
United  States,  measures  4  feet  by  4  feet  by  8  feet,  and  has  a  volume  of 
128  cubic  feet.  Its  weight,  in  ordinaiy  condition,  averages  3700  lbs.;  or 
21  lbs.  per  cubic  foot. 

A  "  corde  "  of  wood,  in  Fiance,  has  a  volume  of  4  cubic  metres,  or  141 
cubic  feet. 

Firewood  is  measured,  in  France,  by  the  mV,  of  which  the  volume  is 
2  cubic  metres,  or  2  s^es.  As  the  length  of  the  billets  is  1.14  metres,  or 
3.74  feet,  the  half^mf,  or  siire,  measures  1.14  metres  x  0.88  metre  x  i  metre, 
equal  to  i  cubic  metre,  or  35.3  cubic  feet;  and  the  vote  is  equal  to  70.6 
Gubic  feet  in  bulk.  The  we^t  of  the  tune  of  firewood,  in  Paris,  is  from 
700  to  750  kilogrammes,  or  from  1544  to  1653  lbs.,  averaging  1600  lbs. 

The  7wV  of  wood  for  making  charcoal,  in  the  forests  of  the  Ardennes, 
weighs  1324  lbs.;  it  consists  of  one-fourth  oak  and  beech,  one-fourth  poplar 
and  willow,  and  one-half  elm.  The  hard  wood  for  charring,  of  the  forests 
of  the  Meuse,  weighs  1653  lbs.  per  voie. 

The  above  and  other  particulars  ^ven  by  M.  Chevandier  are  collected 
and  arranged  in  table  No.  150,  showmg  the  weight  and  bulk  of  ordinarily 
dry  wood. 

Quantity  of  Air  Chemically  Consumed  in  the  Complete 

Combustion  of  Wood. 

In  terms  of  the  average  percentages  of  carbon,  hydrogen,  and  oxygen,  in 
wood,  page  440,  the  quantity  of  air  consumed  is,  by  the  rule  i,  page  400, 

1-52  (50  +  3  (6- y) 1.52  ^  52.625  =  80  cubic  feet, 
or  80   13.14 = 6.09  lbs. 

Gaseous  Products  of  the  Combustion  of  Wood. 

For  one  pound  of  diy  wood  the  products  are,  by  the  expressions  ( a 
(^),(^),  page  401, 

PaoDUCTS.  Pounds.      Per  cent. 

Carbonic  acid,  50  x  .0366  =  1.83  or  21.7 

Steam,   6  x  .09     =0.54  or  6.4 

Nitrogen,... .  {50  X. 0893)  + (6  X. 268)  +  (i  X. 01)    »  6.08  or  71.9 

Total  weight  of  products  8.45  100.0 

says  S}4  lbs.  weight  of  products. 
The  volumes  of  the  products  at  62^  are,  by  the  expressions  (e),  (/), 


( M ),  page  401, 

Products.  Dtlnc  feet     Fer  cent. 

Carbonic  acid,  50  x  .315  =  15.75  or  14.4 

Steam,   6x1.9    -11.40  or  10.4 

Nitrogen,  (50  x  1.206) -f  (6.x  3,618)  =  82.01  or  75.2 


Total  volume  of  products  for  i  lb.  of  wood,  109.16  100.0 
being  about  13  cubic  feet  per  lb.  weight  of  gaseous  products. 
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Total  Hsat  op  Combustion  op  Wooa 

The  total  heat  of  combustion  of  dry  wood  is,  by  rule  4,  page  406. 

145  (5o+4.««  (6  -  ^) ) « 145   53.745  =  779a  units, 

which  is  a  little  more  than  half,  or  543^  per  cent.,  of  that  of  coal,  and  is 
equivalent,  by  rule  8,  page  406,  to  the  evaporation  of  0.15  x  53.745  -  8.07 
Ibk  of  water  at  2x2^ 

When  the  wood  holds  25  per  cent  of  wMer,  tfaeie  is  only  75  per  cent,  or 
tfaree-qoarter  pound  of  wood-substance  in  one  pomid;  and  the  total  heat 
of  combintion  is  75  per  cent  of  7792  units,  or  5844  units,  which  is  only 
41  per  cent,  of  that  of  average  coal.  Similarly,  the  equivalent  evaporative 
power  is  reduced  to  6.05  lbs.  of  water  at  212^,  of  which  the  equivalent 
of  a  quarter  of  a  pound  is  appropriated  to  the  vaporizing  of  the  contained 
moisture. 

Tkmperature  of  the  Combustion  of  Wood. 

It  is  found,  in  the  manner  already  shown,  page  407,  that  2.136  units  raise 
the  temperature  of  the  i)roducts  1  F.  The  total  heat  of  combustion, 
7792  units  -2.136-3648'  and  3648  +  62  =3710°  F.,  is  the  temperature 
of  combustion. 

When  the  wood  holds  25  per  cent  of  water,  the  weight  of  die  direct 
products  is  75  per  cent  of  8.45  lbs.,  or  6.34  lbs.;  and  die  total  heat  of 
combustion  is  5844  units,  of  which  1 116'' (total  heat  of  steam) -^4  =  270 
units,  are  appropriatied  to  evaporate  a  quarter  of  a  pound  of  water  from  62  , 

leaving  5844  -  279  =  5565  units  of  heat  available  for  raising  the  temperature 
of  the  leases.  To  raise  the  direct  products  one  degree  of  temperature^ 
there  are  required — 

UBin. 

2.136  X  ^  =   1.602 

The  evaporated  water,  as  gaseous  steam,  )^ 
a25lb.x.475  =  | 

Total  for  1°  F.   1.721 

Then,  5565  -  1.721  ^  3234°  F.,  the  temperature  of  combustion.  It  is  only 
88.6  per  rent,  of  the  temi)erature  for  perfectly  dry  wood. 

In  order  to  obtain  the  maximum  heating  power  from  wood  as  fuel,  it  is 
the  practice,  in  some  works  on  the  Contmcnt, — as  glass  works  and  porcelain 
works, — ^where  intensity  of  heat  is  required,  to  dry  the  wood-fuel  thoroughly, 
even  using  stoves  for  die  purpose,  before  using  it 

WOOD-CHARCOAX. 

When  wood  is  exposed  to  heat  it  is  at  first  desiccated  and  afterwards 
carbonized.  Under  temperatures  up  to  300^  F.,  the  wood  »  simply  desic- 
cated. Under  temperatures  over  300**  the  gaseous  elements  are  driven  off, 
until  at  650**  the  wood  yields  a  charcoal  which  is  black,  solid,  and  britde 
The  gases  are  not  completely  driven  off  except  under  much  higher  temper- 
atures. 

^^'ood  charcoal,  completely  converted,  is  black,  solid,  brittle,  and  friable; 
it  preserves  the  form  and  structure  of  the  wood  from  which  it  is  made. 
Though  easily  pulverized,  it  makes  a  very  hard  powder. 
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The  following  are  the  results  of  the  experiments  of  M.  Vidette  on  the 
carbonLEation  of  wood.  He  e]q>erimented  on  black  elder-wood,  formed 
into  prisms  a.4  inches  long  and  0.4  inch  in  diameter,  made  up  in  sets 
of  twenty  prisms.    Each  set  was  dried  separately  at  a  temperature  of  3 00**, 

in  a  current  of  superheated  steam,  to  which  it  was  subjected  during 
two  hours.  The  carbonization  was  effected  by  the  same  medium,  at  least 
up  to  662°  F.;  and  in  crucibles  placed  in  a  furnace,  at  higher  temperatures. 
The  temperatures  arrived  at  when  in  the  furnace  were  checked  by  the 
melting  of  small  pieces  of  various  metals  placed  in  the  crucible  with  the 
samples. 

The  table  No.  15 1  gives  the  weight  of  the  products  obtained  as  the  result 
of  carbonization  at  the  given  temperatures: — 


Table  No.  151. — Yield  of  Charcoal  from  Black  Elder  Wood, 
Carbonized  at  Different  Temperatures. 

(By  M.  Violetlc) 


1 

• 

1 

wctgM  or 

1  GuSoni 

1 
1 

itiire  of 

gro&s  product 
from 
diy  wood. 

ObservadoM. 

1  Cent. 

Fahr. 

per  ccal. 

150° 

302° 

,  100 

160 

320 

98 

170 

338 

180 

35^ 

88.59 

too 

374 

81.00 

These  nroducts  are  onlv  wood  more  and 

200 

77.10 

)     more  altered,  but  thev  are  not  charcoal. 

,  210 

410 

Thev  are  called,  in  Prance.  dHi/o/s. 

220 

428 

67.50 

230 

440 

55-37 

240 

464 

5079 

250 

482 

49.67 

/ 

260 

SCO 

40.23 

270 

518 

37.14 

280 

536 

36.16 

(  Bro^ni  charcoal  (charbm  roux).  Commences 
)    to  be  friable. 

290 

554  * 

3409 

300 

572 

33-6i 

590 

32.87 

320 

608 

32.23 

626 

31-77 

340 

644 

3153 

Very  black  charcoal. 

350 

662 

29.26 

432 

810 

18.87 

Melting  point  of  antimony.  Charcoal  very  hard. 

1023 

1873 

1  18.75 

Do.         sihor.            Do.  do. 

1 100 

201 2 

1  18.40 

Do.         copper.          Do.  do. 

1250 

22S2  , 

17.94 

Do.         gold.             Do.  do. 

1300 

2372 

17.16 

Do.         steel.            Do.  do. 

1500 

2732 

17-31 

Do.        iron.           Do.  do. 

? 

? 

1 

15.00 

Do.        platinum.      Do.  do. 
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From  this  table,  it  appears  that  charcoal,  properly  so-called,  is  not 
formed  until  a  temperature  of  536''  F.  is  reached.    From  536°  to  644°  F., 

brown  charcoal  {charhon  roux),  from  36  to  31^^^  per  cent.,  is  formed. 
Beyond  644^"  F.  the  charcoal  is  black,  and  the  yield  diminishes  with  the 
inc^ea^e  of  temperature,  until,  at  the  unknown  temperature  of  melting 
platinum,  it  becomes  just  15  per  cent  of  the  weight  of  the  dried  wood 
from  which  it  is  produced. 

Brown  charcoal  is  flexible,  unctuous,  and  soft  to  the  touch;  black  char- 
coal is  rigid,  brittle,  and  harsh  to  the  touch. 

Composition  of  Charcoal. 

The  composition  of  these  charcoals  varies  with  the  temperatures  at  which 
they  are  produced,  as  may  be  seen  by  the  annexed  table,  No.  1 52,  showing 
the  results  of  analysis  of  some  of  the  charcoals  obtained: — 


Table  No.  153. — Composition  of  Charcoal  Produced  at  Various 

Temperatures. 

(By  M.  Violelle.) 


Temperanirc 
of  Carbonization. 

Composition  of  the  Solid  Product 

1 

Carbon 
for  a  given 
weight  (tf 

wood. 

1 

Oubon. 

HydiQfeo. 

Oxygen, 
Nitrogen, 
and  L^oss. 

-1 

Centigrade. 

Fahrenheit 

percent. 

percent 

percent 

per  cent 

percent 

ISO' 

302** 

47-51 

6.12 

46.29 

0.08 

47.51 

200 

51.82 

3-99 

4398 

0.23 

39.88 

250 

482 

65.59 

4.81 

28.97 

0.63 

32.98 

300 

572 

73.24 

4.25 

21.96 

0-57 

24.61 

350 

662 

76.64 

4.14 

18.44 

0.61 

22.42 

43* 

810 

81. 04 

4.96 

15-24 

i.Ci 

15.40 

1033 

1873 

,  81.97 

2.30 

14.15 

1.60 

15.30 

IIOO 

201 3 

!  83.29 

1.70 

13.79 

1.33 

^5-32 

1250 

3283 

88.14 

1.42 

9.26 

I.  30 

15.80 

1300 

3372 

90.81 

1.58 

6.49 

15.85 

1500 

2732 

94.57 

0.74 

3.84 

0.66 

16.36 

Melting  j)oint 
of  platinum 

1- 

96.52 

0.62 

0.94 

1.95 

14.47  i 

From  this  lable,  it  is  evident  how  materially  a  higher  temperature  operates 
in  driving  off  the  injurious  gases,  oxygen  and  nitrogen — injurious,  that  is, 
in  reducing  the  heating  power:  though  the  useful  ga.s,  hydrogen,  is  hkewise 
driven  off— which  is  a  loss  for  lieating  power.  The  carbon  and  ilie  ash, — 
the  sohd  c  onstitucnts,  —  on  the  contrar\-,  are  proportionally  increased.  At  the 
same  time,  there  is  an  absolute  loss  of  carbon,  though  less  in  degree  than  the 
diminution  of  the  gases,  as  the  temperature  rises.  The  rate  of  diminution 
of  the  absolute  qtiantity  of  carbon  for  a  given  weight  of  wood,  is  arrived  at 
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by  multiplying  the  percentages  of  constituent  carbon  in  the  second  table 
(No.  152^  by  the  relative  percentages  of  ^oss  products  in  the  first  table 
(No.  151),  for  a  given  temperature,  as  given  in  the  last  column  of  the 
second  table.  Here,  the  absolute  quantity  of  carbon,  which  is  47.5  per  cent 

in  the  dry  wood  in  its  natural  state,  at  150°  C,  is  reduced  to  15.4  per  cent, 

<W  one-third,  at  432**  C.  or  810''  F.;  and  beyond  this  temperature,  however 
great  the  heat  may  be,  there  is  practically  no  further  diminution  of  the  carbon; 
that  is  to  say,  that  no  more  carbon  is  driven  off  by  raising  the  temperature, 
the  gaseous  elements  alone  being  driven  off. 

It  is  remarkable  that  the  proportion  of  ash  found  by  M.  Violette  is 
onlv  (torn  I  to  2  i)er  cent,  whilst  the  ash  of  the  original  wood  averages 
154  per  cent;  for,  it  is  naturally  suinx>8ed  that  the  whole  of  the  ash  should 
be  concentrated  in  the  charcoal,  ana  should  average  7)4  per  cent.,  suppos- 
ing that  the  yield  of  charcoal  is  one-fifth  the  weight  of  wood.  The  ash- 
element  must  have  been  withdra\Mi  with  the  gases  that  escaped  during  the 
process  of  carbonization.  It  is  found  that,  practically,  the  ash  of  the  char> 
coal  of  commerce  amounts  to  from  7  to  8  per  cent. 

According  to  M.  Sauvage,  the  charcoal  manufactured  in  the  forests  is 
composed  as  follows: — 

Carbon,   79  pcr  cent 

Hydrogen,  free   2  „ 

Hydrogen,  oxygen,  and  nitrogen,         11  „ 

Ash,   8  „ 

100 


Yield  of  Charcoal  by  Laboratory  Analysis. 

M.  yiolette  ascertained  that  the  greater  or  less  rapidity  with  which 
carbonizatioii  is  effected  influence  materially  the  quantity  of  the  yield. 

He  obtained  by  slow  carbonization  twice  as  much  charcoal  as  by  rapid 
carbonization,  at  the  same  temperature;  but  he  does  not  give  the  details  of 

the  experiments  by  which  he  arrived  at  this  conclusion. 

He  further  found  that  when  wood  was  carbonized  in  close  vessels 
hermetically  sealed,  the  yield  was  decidedly  greater  than  in  open  vessels, 
thus : — 

TempenUure  of  Carbooimion.  In  Open  Vessels.  In  Gosed  Vessels. 

yidd.  yidd. 

160"  C.  or  320''  F          97  per  cent           97.4  per  cent 

340"  C.  or  644°  F.           29     „    79.1  „ 

The  charcoal  obtained  at  180°  C,  in  a  close  vessel,  was  brown,  friable, 
and  similar  to  that  produced  at  280°  C.  in  an  open  vessel  (table  No.  151); 
though  differently  constituted,  as  the  former  held  a  greater  proportion  of 
gtseous  matter,  and  also  more  ash  than  the  latter. 

Finally,  M.  Violette  ascertained  by  experiments,  similarly  conducted  in 
open  vessels  witii  superheated  steam,  the  quantity  of  charcoal  for  various 
woods  and  other  ligneous  substances,  dried,  in  the  first  place,  at  150°  C.  or 
302°  F.,  and  then  exposed  to  a  temperature  of  300°  C.  or  572*"  V.  These 
are  arranged  in  table  No.  153,  in  the  order  of  the  quantities  yielded: — 
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Table  No.  153. — Yield  of  Charcoajl  from  Vauous  Woods,  Dried 
AT  150°  C,  OR  $02"  F.y  AND  Carbonized  at  300**  O,  or  572''  F. 


(By  M.  Violate.) 


Wooa 


Cork  

Decayed  \\  illow. 

Wheat  straw  

Oak  

Vcw  

Beech   

Pine  

Poplar  Heaves).., 
Do.  (loots).... 

wad  pine  

Larch  

Chestnut  tree  .... 

Cherry  tree  

Aspen  


Weight 
of  Cha^oal. 


6a.8o 

52-17 

46.99 

46.09 
46.06 

44- 2  5 
41.48 

40.95 
40.90 

40.75 

40.31 

36.06 

35-53 
34.87 


Wood. 


Apple 

Elm  

Hornbeam... .M.  

Alder  

Birch  

Plum  tree  

Maple  

Willow  

Black  elder  

Ash  

Pear  tree  

Lime  tree  

Poplar  (stem)  

Sweet  chestnut  tree... 


Weight 
of  Charcoal. 


54*69 

34.59 
34.44 
34.40 

34.17 
34.06 

33.75 

33-74 
33.61 

33-28 

3I-S8 

3185 
31.12 

30.S6 


It  appears  from  this  table  that  cork,  the  lightest  of  woods,  yields  the 
laigest  percentage  of  charcoal,  about  63  per  cent;  and  that  poplar  and 
sweet  chestnut  tree  )ield  the  lowest,  about  31  per  cent.  But  there  does 
not  appear  to  be  any  definite  relation  between  the  density  oi  the  wood  and 
the  quantity  of  the  yield 


Carbonization  of  Wood  in  Stacks — Yield  of  Charcoal. 

Wood  has  been  carbonized,  from  the  remotest  times,  in  heaps  on  the 
ground;  and  tins  process  is  still  generally  followed  on  the  Continent.  The 
stock  or  pile  is  covered  with  a  mbcture  of  earth  and  powdered  charcoal,  or 

with  turf.  A  few  openings  are  left  in  the  covering  to  admit  air  to  the 
interior,  as  well  as  a  larger  opening  at  the  summit.  When  the  stack  is  lit 
it  burns  raj^idly,  and  so  soon  as  flame  apjjears  at  the  chimney  it  is  partially 
damped  down  by  a  turf.  The  progress  of  carbonization  is  indicated  by  the 
colour  of  the  smoke,  and  when,  finally,  the  mass  becomes  incandescent,  it 
is  covered  up  with  earth  and  allowed  to  cooL  By  this  process,  the  chaxcoal 
obtained  usually  amounts  in  weight  to  from  17  to  20  per  cent  of  the  wood, 
and  to  more  than  this  in  the  laiger  heaps.  From  25  to  30  per  cent,  in 
volume  is  obtained  in  the  small  heaps,  and  from  30  to  34  per  cent  in  the 
larger  heaps.  The  charring  requires  fipom  sixty  to  eighty  hours  to  produce 
a  good  quality  of  charcoal. 

In  the  departments  of  the  Ardennes  and  the  Meuse,  in  France,  according 
to  M.  Sauvage,  the  following  are  the  particulars  of  the  yield  of  cliarcoal 
from  wood.  In  the  case  of  the  Ardennes,  the  wood  prepared  for  carbon- 
isation ig  a  miatture  of  one-fourth  oak  and  beech,  one4ourth  poplar  and 
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wfllow,  and  one^ialf  dm.  In  the  exanple  6oni  the  Hense,  hard  wood  is 
used.  The  billets  aie  about  30  inches  in  kqgth;  they  are  piled  on  end,  in 
itoe  tiers.  The  atadc  contains  ten  Id  90  cndtnc  metres,  or  fipom  60  to 
120  cubic  yards: — 


Htfd  wooda 

Weight  of  a  cubic  metre  of  wood,...        663  lbs.  837  lbs. 

Yield  of  a  cubic  metre  of  wood,  i  •«,^riKc 

in  weight,   \     131  to  145  lbs.  176  „ 

Yield  of  a  cubic  metre  of  wood,  )        ^  ,,_/        *        4^  a 
in  volume,   f         to  11^  mb.  ft.    13  to  14  CI*,  ft. 

Percentage  of  yield,  in  weight,   20  to  22  per  cent.         21  per  cent 

Weight  of  a  cubic  metre  of  char- 1         .  « 
c^  (heaped),  /        -^olbs.  530  lbs. 

It  is  obvious,  from  the  small  percentages  of  yield,  averaging  21  per  cent, 
for  the  mixed  woods  and  the  hard  wood,  that  much  of  the  substance  of 
the  wood  is  lost,  which  would  by  a  better  system  of  carbonization  be 
yielded  as  charcoal  According  to  the  table  Na  153,  the  maximum  yield 
obtainaUe  from  the  mixed  woods  is  38  per  cent;  and  from  the  hard  woods 
opwaipds  of  40  per  cent 

MAjrarACTURS  or  Brown  Crarooal. 

The  best  method  of  making  brown  charcoal  consists  in  heating  the  wood 
to  be  charred  in  a  close  vessel,  by  means  of  superheated  steam  introduc  ed 
into  the  vessel.  The  required  temperature  is  thus  readily  obtained,  and  a 
homogeneous  product  is  yielded.  This  process  was  introduced  by  Messrs. 
Thomas  &  Laurens,  and  is  successfully  employed  in  Fnnce  and  Belgium 
m  the  production  of  brown  charcoal  for  the  manufactore  of  gunpowder, 
princiiially  for  fiMding-pieces. 

Distillation  of  Wooa 

The  distillation  of  wood  in  close  vessels  affords  e\ndence  of  the  increased 
5rield  of  charcoal  obtainable  by  more  careful  treatment  than  in  the  open- 
air  stack.  In  France,  the  wood  is  distilled  in  large  iron  cylinders  or  retorts 
capable  of  holding  about  180  cuIhc  feet  of  wood,  as  piled ;  md  the  oper»* 
tkm  is  completed  in  from  seven  to  eight  houm.  By  this  process,  38  per 
cent  of  charcoal  is  obtained,  with  llie  products  of  distillation  in  addition. 
But  13^  per  cent  of  wood  is  consumed  as  fuel,  making  a  total  of  112^^ 
parts  of  wood  for  a  yield  of  28  parts  of  charcoal:  which  reduces  the  avail- 
able yield  to  25  per  cent,  of  the  whole  quantity  of  wood  consumed,  as 
against  21  per  cent,  in  the  open-air  stacks  of  hard  wood.  There  is  a  gain, 
in  addition,  in  reduced  cost  of  labour,  and  in  the  value  of  the  yield  of 
p>Toligneous  acid.  The  gases  are  directed  into  the  furnace  to  aid  as  fuel 
m  heating  the  retorts. 

Charbon  db  Paris  (Artificul  Furl). 

CJmrbon  de  Paris,  or  Paris  charcoal,  is  a  mixture  of  two  parts  of  powdered 
charcoal  with  one  part  of  gas-tar,  tunned  by  powerful  compression  into 
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round  pieces  4  inches  long  and  i}(  inch  in  diameter,  and  submitted  to 
a  high  temperature.  It  takes  fire  easily,  and  bums  slowly  until  it  is  entireljr 
consumed,  without  making  flame  or  smol^e;  it  makes  from  20  to  22  per 
cent  of  ash. 

Weight  and  Bulk  or  Wood-Charcoai* 

It  does  not  appear  that  the  density  of  wood-charcoal,  as  manufactured, 
has  been  accurately  determined.  M.  Violette  determined  the  density  of 
the  matter  of  the  charcoal  of  black  alder,  reduced  to  impalpable  powder, 
so  as  to  extinguish  the  pores.  It  varied  according  to  the  temperature  of 
carbonization,  as  shown  in  table  No.  154: — 


Table  No.  154. — ^Absolute  Density  of  the  Charcoal  of  Black  Alder, 

Dried  at  212''  F.,  as  Powder. 

(By  M.  VioleCte.) 


THnpmtun  of  GHboaintioo. 

Specific 
gmvitjr. 

1        ^T'OflUpOKKtUPS  of  ^^fti^^^NttSHKiOIL 

Specific 
franty. 

Centigrade. 

Fahrenheit. 

Centigrade. 

Fahrenheit. 

302** 

1-507 

330** 

626^ 

1.428 

170 

1.490 

350 

662 

1.500 

190 

374 

1.470 

432 

810 

1.709 

210 

410 

1-457 

1023 

1873 

I.841 

230 

446 

1.416 

1250 

2282 

1.863 

250 

482 

1.413 

1500 

2732 

r.869 

270 

518 

1.402 

(  Fusing  point  \ 

290 

554 

1.406 

? 

^  of  the  plati-  > 

2.002 

310 

590 

1.422 

(  num  retort  j 

• 

The  table  shows  that  the  density  at  302^  F.,  and  of  course  at  inferior 
temperatures,  is  that  of  the  natural  wood,  dried  at  too^;  that  the  density  of 
the  charcoals  produced  at  from  302**  F.  to  518**  F.  was  reduced  by  the 

increasing  temperature  from  1507  to  1.402. 
The  table  shows  briefly  as  follows: — 

1.  That  the  density  of  the  charcoal  at  302**  F.,  is  that  of  the  natural 
wood  dried  at  212%  namely  1.507. 

2.  The  density  of  tiie  charcoals  produced  at  from  302**  F.  to  518^  F.  was 
reduced  from  1.507  to  1.402. 

3.  The  density  at  temperatures  above  518*  F.  increases  with  the  temper- 
ature  until  it  reaches  2.000,  or  double  that  of  water,  at  tbe  melting  point 
of  platinum. 

The  specific  gravity,  weight,  and  bulk  of  various  charcoals  are  given  in 
table  No.  65,  page  211,  and  they  are  here  abstracted  for  reference — supple- 
mented by  the  weight  and  bulk  of  the  charcoal  of  the  Ardennes  and  the 
Meuse,  derived  from  the  data,  page  449: — 
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Wood  Cmakoau 

VTCiKni  01 
•  cubic  foot. 

Balk  of  OM  ton. 

As  powder  

1.500 

93.5 

CUiMpfMl* 

24.0 

0.405 

25-3 

88.5 

A  r_    .           1    I     _  1 

0.225 

14.0 

160.0 

0.201 
0.341 

12.5 

15.0 

180.0 

149.0 

MOISTURB  IN  WoOD-ChAROOAL. 

Charcoal  absorbs  moisture  with  avidity.  The  charcoal  of  commerce  is 
usually  exposed  to  the  atmosphere,  and  open  to  rain;  and  it  contains 
generally  from  10  to  12  per  cent  of  moisture. 

Chaicoal  fresh  made,  from  different  woods,  was  exposed  by  M.  Nau,  for 
twenty-fbw  hours,  to  an  atmosphere  loaded  with  moisture*  and  the  weights 
of  water  they  absoibed  during  that  time  are  given  in  die  following  table, 
No.  155.^ 

Table  No.  155. — Moisture  Absorbed  by  Charcoals  during 

Twenty-four  Hours. 


(By  M.  Nan.) 


Wood  from  which  the  Clweool 

was  made. 

Mmsture 
AbMrbed. 

Wood  finom  which  the  Chtttool 

was  made. 

BfoHtlire 

Absorbed. 

per  out. 

a8 

4.06 

4.28 
4.40 

4- 50 
4.80 

514 

Elm  

percent. 

6.06 
6.60 

7-93 
8.20 

8.20 

8.50 

8.90 

16.30 

Oak  

Birch  

Willow  

Fir  

Showing  a  capacity  for  absorption  varying  from  0.8  to  16  per  cent. 

It  is  certain  that  the  penod  of  exposure  was  not  sufficiently  long  to 
saturate  the  charcoals.  For  charcoals  have  been  known  to  absoib  increas- 
ing quantities  of  moisture  during  three  months. 

M.  Violette  made  some  observations  on  the  capacity  for  moisture  of 
charcoals  which  had  been  j)repared  from  black  alder  at  various  temper- 
atures. The  samples  were  exj)Osed  in  a  room  the  air  of  which  was  satur- 
ated with  moisture.  Observations  were  made  every  eight  days,  and  tliey 
lasted  three  months — until  the  charcoals  ceased  to  absorb  more  moisture. 
The  results  show  that  charcoal  is  less  absoibent  the  higher  the  temperature 
at  vdiich  it  is  produced.  The  ordinaiy  black  chaicoals,  produced  at  tem- 
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peratures  of  from  480^  to  750°  F.,  are  capable  of  absorbing  from  5  to  7  per 
cent  of  muter;  and  taking  the  extreme  observations,  the  absorption  ranges 
from  31  to  2.2  per  cent,  between  the  extreme  temperatures.  At  the  lower 
tenqpaaCnres,  of  ooune,  the  charcoal  was  only  partially  converted. 

Air  Consumed  in  the  Complete  CoHBUSTiON  of  Dry  WoodOharcoal. 

According  to  the  analysis  of  M.  Sausage,  page  447,  there  is  79  per  ceat 
of  carbon,  and  2  per  cent  of  free  hydrogen,  in  forest-chaicoai  By  ^anniila 
(i),  page  400,  the  volume  of  air  at  63°  F.  chemically  cDosiiiDed  in  the 
complete  combustion  of  one  pound  of  charcoal,  is 

1.52  (79 +  (3  X  3)  )  =  i39  cubic  feet  of  air  at  62^ 

The  weight  of  the  air  is  129  -r  13.14=  9.8  pounds. 

Gaseous  Products  of  the  Computb  Combustion  of  Dry 

The  gaseous  products  of  combustion  consist  of  carbonic  acid,  steaa, 
and  nitrogen,  and  the  total  weight  of  them  is  iound  by  Xonnula  (2 ),  pafe 
401,  as  follows : — 

(79  X  0.126) +  (2  X  0.356)  ^  10.66  pounds. 

The  total  volume  of  the  gases,  as  at  63''^  by  formula  (3),  page  403,  is, 
(79  X  1.52)  +  (3  X  5.53)  =  131  cubic  feet  at  63*. 

Heat  Evolved  by  the  Comflxtb  Combustion  op  WooD-CaAitooAL. 

The  total  heating  power  of  dry  wood-charcoal,  having  79  per  cent,  of 
carbon  and  2  per  cent,  of  free  hydrogen,  is  by  formula  ( 6 ),  page  406 : — 

145  (794-<4.38  X  3)  )s  12,696  units  of  heat 

The  total  evaporative  effidenqr  is,  by  formula  (8),  page  406, 

0-15  (79 +  (4-28  X  2) )  =  13.13  pounds  of  water, 

evaporated  from  2 1 2",  under  one  atmosphere. 

For  charcoal  containing  moisture  the  heating  power  is  less,  and  may  be 
estimated  in  the  manner  already  adopted  in  the  case  of  coke. 

PEAT. 

Peat  is  the  aiganic  matter,  or  -vegetable  nil,  of  bogs,  swampt,  and 
marshes, — decayed  mosses  or  spkaigDnms,  sedges,  cosne  passes,  &cx, — in 
beds  varying  from  i  or  3  feet  to  20,  30,  or  40  fJeet  deqx    The  peiet 

near  the  surface,  less  advanced  in  decomposition,  is  light,  spongy,  and 
fibrous,  of  a  yellow  or  light  reddish-brown  colour  ;  lower  down,  it  is  more 
compact,  of  a  darker  brown  colour  ;  and,  in  the  lowest  strata,  it  is  of  a 
blackish  brown,  or  almost  a  black  colour,  of  a  pitchy  or  unctuous  fed, 
having  the  fibrous  texture  nearly  or  altogether  oblitflrated. 

Peat,  in  its  natural  condition,  generally  contBins  fiom  75  to  80  per  oent 
of  its  entire  weight,  of  water.   The  oonstituent  water  QocasioBafy  amonnts 
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to.  85  or  even  to  90  per  cent,  in  which  case  the  peat  is  of  the  consistency 
of  miie.   It  shrinks  very  much  in  drying;  and  its  specific  gravity  varies 
ton  .su  OK  .^4.  ta  i.a6»  the  ni&ce  peat  being  the  lightest,  and  dit  lowest 
peat  the  deBsest.   Detailed  i»ailkii]ii&  of  the  wcigfat  and  spoa^ 
peat  aze  given  at  page  307. 

Table  N<k  156. — Chemical  Composition  or  Xeish  Peat^ 
TAJL&M  A&  Pfi&ficrLy  Dev. 


Ifiix  Robert  Kane.) 


DncumoK  and  Locautv 
OP  Pkat. 

Gravity. 

f 

1  Carbon. 

Hydrogen. 

Oxygen. 

Nitrogen. 

Ash. 

1.  Light  surface,  PhilipfitOWlL^. 

2.  Rather  dense,  da 

3.  Light  stur&ce,  Wood  of  Allen 

4.  Compact  and  dense,  do. 

5.  Light  fibrous.  Ticknevin   

6.  Light  fibrous,  Upper  bhanuon 

7.  Very  dense,  compact,  do. 

•405 
.669 

•335 
.655 
.500 
.280 

psr  ocnti 

57.5* 
58.56 

58.30 

56.34 

58.60 

58.53 
59*42 

pcrcMt 

6.83 
591 

6.43 
4.81 

6.55 
5-73 
5.49 

percent. 

31.40 

31-36 
3a  20 

30.50 

32. 32 

30.50 

percent. 

1.42 
■85 

r.22 

lilt 

•93 
1.64 

p.  cent. 

1.99 

330 
2.74 
7.90 
2.63 
2.47 
2.97 

.528 

58.18 

5.96 

31.21 

1.23 

3.43 

Table  No.  157. — Composition  op  Sundry  Peats,  including  Moisture. 

First,  Exclusive  op  Moistukb. 


DBacRiPTioN  or  Pbat. 

JAuittuM. 

Carbon. 

Uydrog. 

Oxygen. 

Nitrog. 

Sulphur. 

Ash.  1 

Coke, 
p.  cent. 

44-3 

Poor  sMxiBi. 
Dense,  firom  Galway 

per  cent. 

per  cent. 
59.7 

59^6 
59-5 

percent. 
6.0 

4.3 

7.2 

percent. 
31 

per  cent. 

:i 

a.3 

per  cent. 

.T 

p.  cent,  j 

2.4 

6.3 
'  5-4  I 

Averages  

59.6 

5.8 

29 

.6 

•3  1 

4.7  i 

Dense,  from  Galway  | 

Sbcon 

1  24.2 
294 
1  29-3 

D,  InCL 

i  4S3 
42.1 

42.0 

usrvE  0 

4.6 

3-1 
S.I 

IP  MOISTtTEB. 

34.! 

21.0 

17.5    1  1.7 

.6 

1.8 
4-4 
3.8 

31.3 

1  <7>8 

j  43-1 

4.3 

2r.4 

.2 

3*3 

When  wet,  peat  is  masticated,,  macerated,  or  milled,  so  that  Ae  fibre  is 
broken,  crashed,  or  cat   The  contraction  m  drying  is  much  increased  by 

this  treatment;  and  the  peat  hecomes  denser,  and  is  better  consolidated 
than  when  it  is  dried  as  cut  fixnn  the  bog.    Peat  so  prepared  is  known  as 

eondtfised  peat;  and  the  degree  of  condensation  varies  according  to  the 
natural  heaviness  of  the  peat.  Peat  from  the  lowest  beds  is  but  little 
condensed ;  but  peat  from  the  middle  and  U])per  beds  is  condensed,  when 
dr}',  to  from  two  to  three  times  its  natural  density-.  So  efl'ectively  is  peat 
consoJidated  and  condensed  by  thfi  simple  process  of  breaking  the  hbces 
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whilst  wet,  that  no  merely  mechanical  force  of  comprenion  is  equal  in 
efficiency  to  mastication. 

The  table  No.  156  contains  the  results  of  chemical  analysis  of  Irish  peat 
of  various  qualities  by  Dr.  Kane;  the  samples  were  desiccated  before  being 

submitted  to  analysis. 

Mr.  A.  M'Donnell  gives  the  composition  of  average  "good  air-dried" 
peat  and  "  poor  air-dried  "  peat,  analyzed  by  Dr.  Reynolds,  as  in  table 
No.  157;  to  which  are  added  an  analysis  of  dense  peat  from  Galway,  made 
by  Dr.  Cameron: — 

FlKMn  ^  above  tables^  it  appears  that  sulphur  is  rarely  found  in  Irish 
peat,  and  that  the  average  composition  of  the  peat  is  as  follows: — 

x>m^M^,\»  nr»      Including  25  per  cenL 
PtefecilyDry.  of  moistiSi. 

per  cent.  per  cent. 

Carbon                                       59  44 

Hydrogen                                    6  4.5 

Oxygen                                    30  22.5 

Nitrogen                                    ij^  i 

Sulphur                                    ?  ? 

Ash                                         4  3 

100  75 

Moisture   25 

roo 

Ordinary  air-dried  peat  contains  from  20  to  30  per  cent,  of  its  gross 
weight  of  moisture.  If  dried  in  air  in  the  most  effective  manner,  it  contains 
at  least  15  per  cent,  of  moisture;  and  even  when  dried  in  a  stove,  it  seldom 
holds  less  than  7  or  8  per  cent. 

The  peats  named  m  table  Na  156  were  subjected  to  distillatioii,  when 
they  yielded  water,  tar,  charcoal,  and  gas,  in  the  proportions  shown  in 
table  No.  158:— 

Table  No.  158. — ^Products  of.  Distillation  op  Irish  Peat. 


Description  and  Locality  of  Peat. 

Water. 

Crude  Tar. 

• 

Charcoal. 

Gas. 

percent. 

ptromt 

pMT  cent. 

per  cent- 

Nos.  I  and  2,  Philipstown  

2S.6 

2.0 

37-5 

36.9 

3.6 

39- 1 

25.0 

38.1 

2.8 

32.6 

26.5 

33-6 

2.9 

31.1 

32.3 

38.1 

4.4 

21.8 

35-7 

21.8 

1.5 

19.0 

57.7 

3M 

S.8 

39.2 

36.6 

The  tar,  when  re-distilled,  yielded  water,  paraffine,  oils,  charcoal,  and  gas. 
The  water  yidded  chloride  of  ammonium,  acetic  add,  and  wood*«pirit 
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Heating  Power  of  Irish  Peat. — In  peat  of  average  composition,  as  given 
above,  the  heating  power  is  by  rule  4,  page  406, 

perfectly  dry,  145  (59+4*28  (6-^) ) »  9951  units  of  heat; 

^TZi:.lZT..  }  '«  (44+4..»(4.S-^^)  )-743S  -nit.  of  he«. 

Deduct  for  evaporating  the  moisture,  %  lb., 

supplied  at  62^;  1116^ -i- 4  s  279  do.  da 

Effective  heating  power   7x56  do.  da 

The  total  evaporative  power  of  i  lb.  of  fuel,  evaporating  at  212%  is 
as  follows: — 

When  water  is  supplied  at  62°,  divisor  iii6°...  8.91  lbs.         6.41  lbs. 
Do.  do.       212",   do.      966°...  10.30  lbs.         7.41  lbs. 

British  and  foreign  peats  are  very  much  like  Irish  peat  in  composition; 
the  principal  variation  takes  place  in  the  proportion  of  ash. 


PEAT-CHARCOAL. 

The  charcoal  of  ordinary  dried  peat  is  very  porous,  and,  in  general,  light 
and  fragile;  but  the  charcoal  of  condensed  peat  is  dense  and  solid.  It 
bums  easily  but  slowly:  small  incandescent  pieces  separated  from  the  fire 
continue  to  bum  unnl  fhe  whole  of  the  carbon  disappears.  Good  peat 
yields  from  30  to  40  per  cent,  of  charcoal;  and  the  charcoal  when  perfectly 
dry  consists  generally  of  from  85  to  90  per  cent  of  carbon,  and  10  to  15 
per  cent,  of  ash. 

The  heating  power  of  one  pound  of  peat -charcoal,  containing  85  per 
cent  of  carbon,  by  rule  4,  page  406,  is,  145  x  85  =  12,325  units  of  heat; 
equivalent  to  the  evaporation^  at  212**,  of  ix.04  lbs.  of  water  supplied  at  63% 
or  of  13.76  lbs.  supplied  at  axs^  The  temperature  of  combustion  is  that 
of  carbon,  4877*  F. 

In  France,  the  peat<haiooal  of  fissonne  contains  18.3  per  cent  of  ash. 
In  the  Ardennes,  Bar  peat  carbonized  in  ovens  yields  44  per  cent,  of  char- 
coal ;  but  this  contains  one-third  volatile  matter,  one-fourth  ash,  and  only 
43  per  cent  of  carbon. 

TAN. 

Tan,  or  oak-bark,  after  having  been  used  in  Ae  processes  of  tanning,  is 
burned  as  fiieL  The  spent  tan  consists  of  the  fibrous  portion  of  the  bark. 
According  to  M.  Pedc^  five  parts  of  oak-bark  produce  four  parts  of  dry 

tan;  and  the  heating  power  of  perfectly  dry  tan,  containing  15  per  cent,  of 
ash,  is  6100  English  units;  whilst  that  of  tan  in  an  ordinary  state  of  dryness, 
containing  30  per  cent,  of  water,  is  only  4284  English  units.  The  weight 
of  water  evaporated  at  212''  by  one  pound  of  tan,  equivalent  to  these  heat- 
ing powers,  is  as  follows:— 
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—  »   -    -  With  30  per  cent. 

Water  supplied  at  62"  5.4O  lbs.         3. 84  lbs. 

»f         m      aia*  6.31  „  4.44  M 


The  average  composition  of  wheat-straw  is  as  follows: — 


Water  .  ....^  14.23  per  cent 

OijEanic  or  combustible  instlsr^  cuiisisCin^  of )  q 
carbon,  hydro^gen„  03^en»  and  nitrogen.,      '^^  " 

Ash   7  47  » 


100.00 


Chemists  have  notj^so  far  as  the  author  has  learned,  thought  it  worth 

while  to  record  the  proportions  of  the  organic  elements.  But  it  may  be 
supposed  that  the  composition  of  straw  is  similarly  proportioned  to  that  of 
peat    The  weight  of  pressed  stzaw  is  from.  6  to  &  lbs.  per  cubic  £oot 


UQUI0  FUELS. 

Pdrolatm  is  a  hydro-carbon  liquid  which  is  found  in  abundance  in 
America  and  Europe.  According  to  the  analysis  of  M.  Sainte-Claire 
Deville.  the  composition  of  fifteen  petroleums  from  different  sources  was 
found  to  be  practically  constant.  Tlie  average  specific  gravity  was  .8  70. 
The  extreme  and  the  avenge  dementaiy  composition  were  as  follows: — 

Carbon   8».o  to  97.r  percent  Average  84^7  per  cent 

Hydrogen   11. 2  to  14.8      „  „       13.1  „ 

Oxygen   as  to  5.7     „  ^2.2  „ 


100.0 

The  total  heating  and  evaporative  powers  of  one  pound  of  petrolcumi 
having  this  average  conqxisitiaB  aM»  by  ndn  4  and  5,  page;  apK  ^ 
foUows: — 

Total  heating  power  =  145  (84.7  +  4.28  20,240 units. 

Evaporative  power :  evaporating  at  2 1 2°,  water  supplied  at  62°  =  18.13  lbs. 
Do.  do.  do.      212°=  20.33  lbs. 

BiMmM'OUt  tBK  obtained  in  great  variety  by  distiOation  from  petro- 
leum.   They  art  compound*  cifcarim  and  hg^dnipcn,  tanging  fipoaC^ 
to  Cjs  H««;  or,  tn  weigfatr 

f  71.42  carbon     )     [  carbon 
I  28.58  hydrogen )     \  26,23  hydrogen 


loaoo  100.00 
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The  s|»ecific  gravity  ranges  from  USaS  to  .792.  The  boiling  point  ranges 
torn  to  495"  F.  The  tiolal  betting  povicr  wsm^M  tan  28,087  to 
atf,975  mule  of  heat:  eqmieleet  to  the  eviipecitioii»  at  211^,  of  from 
a5.i7  lbs.  to  24,17  lbs.  of  water  enpflRd  at  63%  or  ham  29.0S  lbs.  to 

e7.92  lbs.  of  water  supplied  at  212**. 

Sc/ust-Otl,  like  petroleum,  consists  of  carbon,  hydrogen,  and  oxygen;  but 
there  is  less  hydrogen  and  more  oxygen,  as  may  be  seen  from  the.  falloadag 
analysis  by  Su-Claire  Deville: — 


Carbon   80.3 

Hydrogen   1 1.5 

^^^ygen  «••«••»•  •  m*** m ••.••a****** ••>» »  8,2 


roo.o 


79-7 

11.8 

roo.o 


Pim-wood  Oily  analyzed  by  the  same  chemist,  contains  87.1  per  cent  of 
carbon*  10.4  per  ceoL  of  hydrogen,  and  2.5  per  cent,  of  oxygen. 


C0AL4>Aa 

MSr.  Temon  Harconrt  made  an  analysis  of  coal-gas,^  one  ponnd  of  whidi 


COAMAS. 
(Mr.  V.  HMOOOrt.) 

1 

Carbon. 

Hydrogen. 

Oxygen. 

TotaL 

percent. 

percent. 

per  cent. 

percent 

10.5 

1.7 

13.2 

39-7 

13-3 

52.9 

5-9 

7.9 

13.8 

1.9 

6.9 

8.1 

8.1 

5-8 

58.0 

33.0 

100.0 

had  a  volume  of  30  cubic  feet  at  62°  F.  The  heating  power,  calculated  for 
the  three  elements,  is  as  follows : — 

Units. 

Carbonic  oxide.   13.8  per  cent  x  4,335 -i- 100-  597 

Carbon   50.3     „      x  14,500 -f  100  ■>  7,279 

Hydrogen   33.0     „      x  63,000  4- 100*14,360 

Total  heat  of  combustion   2  2, 1 36 

This  is  equivalent  to  the  evqwradon  of  19.84  lbs.  of  water  from  62*  at 

*  See  a  paper  on  "Petroleum  and  other  Mineral  Oils,  applied  to  the  Manufacture  of 
Gas,"  by  Mr.  Owen  C.  D.  Ross,  in  the  Proceedings  of  the  InstUution  of  Civil  Engineers, 
voL  xl.  page  150. 
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812*  R,  or  to  98.98  lbs.  from  and  at  8i8^   The  heating  power  of  i  cubic 

foot  is  738  units,  equivalent  to  the  evaporation  of  .66  lb.  or  .76  lb.  of  water. 

Mr,  F.  VV.  Hartley^  tested  the  heating  power  of  gas  manufactured  by 
the  South  Metropolitan  Gas  Company,  London.  By  means  of  his  gas 
calorimeter  he  determined  the  heating  power  of  one  cubic  foot  of  gas  at 
60°  F.,  under  30  inches  of  mercury,  to  be  622.15  units,  equivalent  to  the 
evaporation  of  .56  pound  of  water  fh>m  60°  at  212°,  or  .64  pound  from  and 
at  818*. 

Taking  the  means  for  these  two  gases^  the  heating  power  of  i  cubic  foot 
at  6a^  ¥.  is  equivalent  to  the  evaporation  of  .70  poiind  of  water  from  and 
at  sis'"  F. 

^Rtport  on  the  Gas  Section  of  the  International  Electric  and  Gas  Exhilntion  at  the  Crystal 
Pakutf  1882-83,  page  23.  It  may  here  be  stated  that  according  to  the  teaidtt  of  tests  of 
several  ••Instantaneous  Gas  Waterheaters,"  made  by  Mr,  D.  K.  Clark,  in  the  same  con- 
nection, much  more  heat  was  generated  than  was  deduced  from  Mr.  Uartlej'i  deter- 
minations. 

It  is  due  to  Mr.  Hartley  to  state  that  he  was  cognizant  of  the  usual  presumption  that 

the  potentiality  of  gas  as  a  heating  power  is  greater  than  what  is  deduced  from  such 
experiments.  ••The  problem,"  he  says,  "of  determining  with  ease  and  certainty  when  a 
quantity  of  two  to  three  cuhic  feet  can  be  had,  the  absolute  calorific  value  of  a  combustiUe 
gas,  within  aboat  ^  per  cent,  of  the  tnith,  is,  I  think,  completely  solved;  and  the  fact 
that  the  calorific  power  indicated  for  the  gas  in  question  is  much  below  that  which  ordi- 
nary coal-gas  is  {Mroiinied  to  ponen^  in  no  degree  distnrbe  my  belief  in  ^  aoonmqr  of 
the  rcmha  which  I  lutve  now  toe  honour  to  aabmit**— Jf^g^er^  pagie  83. 
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This  section  on  the  applications  of  heat  comprises  the  principles  of  the 
transmission  of  heat  through  solid  bodies.  The  consideration  of  the 
application  of  the  heat  of  liumaces  for  the  genenitkm  of  steam  in  boilers 
inll  be  taken  up  in  the  section  on  steam-boilers.  In  the  present  section, 
the  subjects  dealt  with  relate  to  the  heating  and  evaporation  of  water  by 
steam,  the  condensing  of  steam  by  water,  the  heating  of  air  by  hot  water 
and  by  steam,  the  warming  and  ventilation  of  buildings,  distillation,  ooolingt 
drying,  blast-furnaces,  and  cognate  subjects. 

TRANSMISSION  OF  HEAT  THROUGH  SOUD  BODIES— 
FROM  WATER  TO  WATER  THROUGH  SOUD  PLATES 
OR  BEDS. 

With  a  view  to  educe  the  general  principles  of  the  transmission  of  heat 
through  solid  bodies,  M.  Peclet  made  a  series  of  experiments  on  the  trans- 
mission of  heat  through  plates  of  metal,  heated  on  one  side  by  heated  water, 
and  cooled  on  the  other  side  by  water  at  a  low  temperature.  He  found 
from  experiments  made  with  wrought  iron,  cast  iron,  copper,  lead,  zinc,  and 
tin,  that  when  the  fluid  in  contact  with  the  surface  of  the  plate  was  not 
changed  by  artificial  means,  the  rate  of  conduction  of  metals  was  not  only 
the  same  for  diflerent  metals,  but  also  for  different  thicknesses  of  the  same 
metal.  Correctly  ascribing  this  uniformity  of  performance  to  the  presence 
of  a  stagnant  film  of  water  adhering  to  the  surfaces  of  the  plates,  which,  by 
its  inferior  conductivity,  negatived  in  a  greater  or  less  degree  the  conduc- 
tivity of  the  i)lates  themselves,  he  made  a  new  series  of  experiments  with 
lead  plates,  in  which  the  water  was  thoroughly  circulated  over  the 
surface;  and  he  found  that  the  quantity  of  heat  transmitted  through  the 
plates  was  inversely  proportional  to  the  thickness.  Having  by  this  means 
settled  the  constant  for  lead,  he  adopted  the  results  of  Depretz's  experi- 
ments on  the  conducting  power  of  metals  (see  page  331),  and  calculated 
the  constants  for  other  metals  from  these  data.  He,  further,  made  a  series 
of  experiments  on  the  conducting  or  transmissive  power  of  **  bad  conduc- 
tors" of  heat,  between  two  surfaces  of  water: — stone,  and  wood  and  other 
vegetable  substances,  which  were  incased  in  two  thin  coats  of  copper,  to 
prevent  the  absorption  of  water  by  them. 

M.  Peclet  lays  down  the  elementary  law  of  the  tnmsmlssion  of  heat  as 
follows : — ^The  flow  of  heat  which  traverses  an  element  of  a  body  in  a  unit  of 
time  is  proportional  to  its  surface,  and  to  the  difference  of  temperature  of  the 
two  fiuies  perpendicular  to  the  direction  of  the  flow;  and  is  in  the  inverse 
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ratio  of  the  thickness  of  the  element  This  law,  he  maintains,  is  r^;oioii8^ 
deduoed  from  the  nature  of  the  motion  of  heai  and  he  embodies  it  in  the 
following  foimula: — 

M^CZ-O-J;   (I) 

in  which  /  and  fmn  the  temperatures  of  the  surfaces,  C  thequantity  of 
heat  transmitted  per  hour  for  one  degree  of  difference  of  temperature 
through  one  unit  of  thickness,  and  E  the  thickness.    That  is  to  say»  usinc^ 

English  mccOsures: — if  the  difference  of  temperatures  in  decrees  Fahren- 
heit be  multipHed  by  the  constant  C  for  the  given  material,  one  inch  thick, 
and  divided  by  the  thickness  in  inches,  the  (juotient  is  the  quantity  of  heat 
in  English  units  passed  through  the  plate  per  square  foot  per  hour. 

The  quantities  of  heat  transmilfeed  tfirough  plates  or  beds  of  melds  and 
other  solid  bodies,  one  inch  in  tftickness,  for  F.  difference  of  tgiupeui'- 
ture  per  hour,  as  determmed  by  M.  Peclet,  are  given  in  table  No.  159, 
being  the  values  of  the  constant  C  in  formula  (i).  The  conditions  are, 
that  the  surface<^  of  the  conducting  material  must  be  perfectly  clean,  that 
they  be  in  contact  with  water  at  both  faces  of  different  temperatures, 
and  that  the  water  in  contact  with  the  surfaces  be  thoroughly  and  con- 


Table  No.  159. — Quantities  of  Heat  Transmftted  from  Water  to 
Water  ihrough  Plates  or  Beds  of  Metals  and  other  Solid 
Bodies  1  Inch  Thick,  per  Square  Foot,  for  i°  F.  difference 
OF  Tempbraturb  between  the  Two  Faces  per  Hour. 


Sdadnl       M.  Pedet^  tafalo^  •0(1  convcrttJ  Ibr  English  maamM. 


Suteance. 


Gold  

Platinum. 

Silver  

Copper  .. 

Iron  

Zinc  


(Quantity 
of 


Lead  

Marble  

Plaster  

Terra  cotta.  

Oak,acrossfibre 


units. 
620 
604 

555 
225 

22$ 

177 
112 

24 
2.6 
4.8 
1.69 


Substance. 


Fir,  across  fibre 
Fir,  along  the 

fibre  

Caoutchouc.... 
Gutta-pescha  ^ 

Sand  

Brick,  powder'd 
Chalk,  do. 
Ashes  of  wood. 
Wood-diaicoal, 
powdered.... 


Quaniity 
of 


Uniu. 

1.36 

6.56 
2.16 
1.12 
.69 

•53 
.63 


Sttbttuoe. 


Coke,  powd  

Iron  filings  

Cotton  wool  

CaUco>  

Carded  wool.. 
Eiderdown.... 

Canvas  

White  writing- 
paper   

Gray  paper  un- 
sized   


of 


stantly  changed.  M.  Peclet  found  that  when  metallic  surfaces  became  dull, 
the  rate  of  transmission  of  heat  tlu^ough  all  metals  became  verj-  nearly  the 


Mr.  James  R.  Napier  made  CApeiimems  with  experimental  boilers  of  iron, 
and  copper  of  various  thicknesses,  over  a  gas  flme,  and  he  found  only 
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smdl  ^Itlfeiewift  a  evaponting  power  of  about  m  droRtaedi  -ar  a  tJwrdtfih 
in  favDor  df  the  copper:  refuUi  ^lUdi  ave  carroboiadve  of  lA.  Pedetfs 

deductions. 

Professor  Rankine  states  that  in  all  experiments  of  this  kind  the  con- 
dition of  the  heating  surface  is  important,  whether  smooth  or  lOi^,  a&d 
whether  perfectly  clean  or  incrusted  to  any  extent 

But,  the  rate  of  transmissioik  of  heat  through  metallic  plates  also  differs 
vei^  nnich  acnordii^  to  the  Buhstamxi  hi  tooiMact  widi  me  plate,  botwpccn 
which  the  heat  is  transmitted:— as  between  water  or  steam  and  water,  or 
between  water  and  air,  or  gaseous  matter  and  water,  and  so  on.  Mr. 
Thomas  Onddock,  at  an  early  period,  proved  that  the  rate  of  cooling 
by  transmission  of  heat  through  metallic  surfaces,  was  almost  wholly 
dependent  upon  the  rate  of  circulation  of  the  cooling  medium  over  the 
surface  to  be  cooled,  and  that  water  was  enormously  more  efficient  than  air 
for  the  abstraction  of  heat.  He  suspended  a  tube  filled  with  hot  water 
having  a  thermometer  suspended  in  the  water.  Hie  water  was  cooled  from 
a  temperature  of  180^  to  loo**  F.,  in  stiH  air,  in  25  minutes,  and  in  still  water 
in  one  minute.  Again,  when  he  moved  the  tube  filled  with  hot  water,  by 
rapid  rotation,  at  the  rate  of  40  miles  per  hour  through  air,  it  lost  as  much 
heat  in  i  minute  as  it  did  in  still  air  in  1 2  minutes.  In  water,  at  a  velocity 
of  two  miles  per  hour,  as  much  heat  was  abstracted  in  half  a  minute  as 
was  absorbed  in  one  minute  when  at  rest  in  the  water.  Mr.  Craddock 
concluded  that  the  circulation  of  the  cooling  fluid  becomes  of  greater 
importance  as  the  difference  of  temperature  on  the  two  sides  of  the  plate 
becomes  less. 

HEATING  AND  EVAPOIIATION  OF  LIQUIDS  BY  STEAM 
THBOUGH  METALUC  SURFACES. 

Mr.  John  Graham  heated  water  in  a  square  wooden  cistern,  having  a 
double  iron  bottom,  into  which  steam  of  163^^  lbs.  per  square  inch,  abso- 
lute pressure,  having  a  temperature  of  2iS°  F.,  was  admitted.  When  the 
water  in  the  datem  stood  at  60**  F^  the  steam  was  admitted,  and 
following  were  the  successive  temperatures  at  equal  intervals  of  timey  as 
tepaned  by  Mi;  Graham: — 

Time  from  the  Temperature  IncrcmcnLs  of 

oommeo cement.  of  the  water.  tempemture. 

■ticnndti  Fahrenheit.  Fahrcnheiu 

o    6o*    o'* 

10    *■«••«•••••««••«••    100   ««•«•••••••«••.•••  4^ 

  134    34 

30    158    24 

50    183    9 

60    192    9 

70    198   6 

60  «   201   «   3 

90   206    5 

ZOO   aio   4 

It  was  foond  to  be  difficnlt  to  taise  the  tempemture  above  210*  F.  The 
iacveaied  activity  m  the  rise  of  temperatuie  towards  the  end,  was  no  doubt 
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due  to  the  increased  movement  in  the  water  as  it  approached  the  boiling 
point.  To  show  the  rate  of  the  passage  of  heat  with  respect  to  the  mean 
difference  of  the  temperatures  of  the  steam  and  the  water  during  each 
interval  of  ten  seconds,  the  mean  temperature  of  the  water  during  each 
interval  is  given  in  the  second  column  below,  the  difference  of  these  mean 
tempeiatures  and  that  of  tlie  steam  in  the  third  column,  the  increments  of 
temperature  in  the  fourth  colunm;  and,  in  the  last  column,  die  rise  of 
tempeiature  per  degiee  of  difference  of  temperature  is  given: — 


Mean  tempera- 
tures of  the 

1)  I  TT       nf  ^  Cii 

temperatures  of 
the  water  and 
theMeam. 

IncreaMotsof 

tenmermture 

10 

«o' 

FahimlMU. 

fahradkdL 

VUhnnhoiL 
.290 

80 

"7 

lOI 

34 

•33« 

30 

146 

72 

24 

•333 

40 

166 

52 

16 

.308 

50 

178 

40 

9 

.225 

60 

187 

31 

9 

.290 

70 

195 

6 

.261 

80 

1995 

3 

.162 

90 

ao3-5 

14-5 

5 

345 

100 

808 

10 

4 

.400 

The  quantity  of  heat  transmitted  per  degree  of  difference  of  temperature 
is  in  proportion  to  fhe  increments  of  temperature  in  the  last  column. 
Though  irregular,  they  are,  taken  together,  practically  uniform  per  degree 

of  difference  of  temperature.  At  the  same  time,  the  quantity  per  degree  in 
the  middle  stages  appears  to  be  slightly  reduced  as  the  total  difference  of 
temperature  is  reduced. 

M.  Clement  found  that  a  sheet  of  copper,  i  metre  square  and  about 
}i  inch  thick,  when  heated  on  one  face  by  steam  of  212°  F.,  and  cooled  on 
the  other  face  by  water  at  82^4  F.,  making  an  excess  of  temperature  of 
I29^6,  condensed  20.5  lbs.  of  steam  per  square  foot  per  hour,  equivalent 
to 

20.5    1 29^6  =  o.  1 60  lbs.  of  steam 

condensed  per  square  foot  per  degree  of  difterence  of  temperature  per  hour. 
The  total  heat  of  steam  at  212**  F.  is  io95''.6  above  82^.4,  and  for  20.5  lbs. 
of  steam  there  are  1095.6  x  20.5  =  22,460  units  of  heat,  and 

22,460  -i- 1 29^6  » 1 73  units  of  heat, 

which  is  the  quantity  of  heat  passed  through  the  plate  per  square  foot  per 
degree  of  difference  of  temperature  per  hour. 

M.  Pedet  gives  the  performance  of  a  copper  boiler  with  double  bottom 
for  boiling  beet-root  juice  by  steam  of  three  atmospheres,  or  275^  F., 
admitted  mto  the  bottom.  The  area  exposed  to  steam  amounted  to  25.82 
square  feet  A  quantity  of  juice  weighing  1984.5  lbs.  was  delivered  into 
fhe  copper  at  a  temperature  of  39°  F.,  and  heated  to  212°  F.,  through  173° 
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in  sixteen  minutes,  eqcdvalent  to  a  rise  of  (173  x  60  -f- 16) »  649*of  tempeia- 
tuze  per  hour.  The  total  heat  transmitted  per  square  foot  per  hour  was 

649"  X  1984.5  -r-  25.82  =  49,880  units  of  heat 

The  mean  temperature  of  the  juice  was  (212  +  39)  2  ^  1 26**,  and  the  mean 
difference  of  temperature  was  275°  -  126°  =  149°;  then  the  total  heat  trans- 
mitted per  square  foot  per  de^^ree  of  difference  of  temperature  per  hour 
was 

49,880  -r  149^  B  335  units  of  heat 

The  total  heat  of  the  steam  was  107 1**  above  136%  the  mean  temperature 
of  the  juice,  and  the  qnantiQr  of  steam  coodcnsed  per  square  foot  per 
degree  per  hour  was 

.335  =.313  lb.  of  steam. 
1071 

M.  Pedet  quotes  the  results  of  e]q>eriments  made  by  Laurens  and 
Thomas  on  the  heating  power  of  steam  operating  through  coils  of  pipe. 
In  the  first  experiment,  the  pipe  was  137.8  feet  long  and  1.36  inches  in 
diameter  externally,  presenting  48.20  square  feet  of  surface.  Steam  of 
three  atmospheres,  or  275°  F.,  was  freely  admitted  into  the  pipe,  and  it 
raised  the  temperature  of  882  lbs.  of  water  from  46"  F.  to  212''  through 
z66*  in  four  mmutes,  equivalent  to  a  rise  of  (166**  x  60  4)  =  2490°  in  an 
hour.  The  mean  temperature  of  the  water  was  (212  4-  46)  a  s  129%  and 
the  difference  of  temperature  was  375  - 129  » 146^  Hence  the  total  heat 
transmitted  per  square  foot  per  hour  was 

2490**  X  882  ^  48.20  =  45564  units  of  heat, 

and  the  total  heat  per  square  foot  per  degree  per  hour  was 

45564 -r  146S319.1  units  of  heat 

The  total  heat  of  the  steam  was  1068°  above  129°,  and  the  quantity  of 
steam  condensed  per  square  foot  per  degree  per  hour  was,  therefore, 

^Itl  =  .2Q2  lb.  of  steam. 
1068  ' 

Next,  551*25  lbs.  of  water  was  evaporated  from  aia^  by  the  same  steam, 
in  II  minutes,  being  at  the  rate  of  3007  lbs.  per  hour,  or  62.38  lbs.  per 
square  foot  per  hour.  The  total  heat  of  the  atmospheric  vapour  was  966® 
above  212%  and  the  heat  transmitted  per  square  foot  per  hour  was 

966  X  62.38  ^59,710  units  of  heat 

The  difference  of  temperature  was  275-212:^  63°,  and  the  quantity  of 
heat  passed  per  square  foot  per  d^ee  per  hour  was 

59,7 10   63  =  948  units  of  heat 

The  quantity  of  steam  condensed  per  square  foot  per  degree  per  hour  was 

=  .081  lb.  of  steam. 

966 
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In  anodier  aperinent,  two  coik  of  ttem^njpe  49.2  ftet  long,  and  x.34 
inches  m  diameter^  presenting  a  smtiuse  of  54.52  square  feet,  with  steam 
of  two  atmospheres,  or  25o°.4  F.,  evaporated  1587.6  lbs.  of  water  at  212^ 
per  hour;  or  46  lbs.  per  square  foot  per  hour,  wnth  a  difference  of  tem- 
perature ( 2  50.4  -  2 1 2)  s  38°^  K  The  quanlity  of  heat  passed  per  square 
foot  per  hour  was, 

966  X  46«*  44,430  units, 
and,  per  degree  per  squaie  Soot  per  hour,  aas, 

44,430-38.4-  1 157  units. 

Hie  qoantity  of  jsteam  condepseri  per  degree  per  ^uaae  ibot  per  iioui  was 

iiijf  =  1.20  lbs. 
966 

The  foUowing  are  the  results  of  experiments  by  M.  P.  Havrez  In  heating 
water  \rf  steam  widi  a  coil  of  copper  pipe,  ^ven  in  Mfigmurir^,  vol  yi 
The  coil  was  14.21  feet  long,  aad  1.57  indies  m  dlsmetier;  superficial  area, 
5.85  sqoaze  feet  The  pipe  was  incrusted  to  some  e]Ctent>-* 

fZ'^^!^^rJi^  '^'^  heated.  Time  to  heat  water, 

temperature  oi  steam. 

I.  67  lbs.  300^  F.     232.65  lbs.  from  68°  to  212**  — 

2%  4  min.;  212',  10 

3.  «9  »    3194         217.80       „      104.  as  212  *     3    »»        n  7}in 


»    3»9-4       232.65  „ 

to  132%  4  min.;  212**, 

»    3194       217.80  „ 

104.  as  212 

Actwl  wd^t  oTiieni  \ 

'  fist    vFdipkt  per  t*  T.  diflit^ 

condensed. 

per  hour. 

e&oe  n  teiupei  ■im. 

I.  41.25  lbs. 

42.25  lbs. 

.264  lb. 

2.    4400  „ 

-271  » 

3.    28.60  „ 

39«>  n 

.270  „ 

Averages, 

42.08  ,, 

.268  „ 

It  may  be  noted  that  the  water  was  heated  to  122%  and  then  to  212*,  in 
die  second  and  third  expenment,  at  the  following  lates.*— 

ad  Experiment,  to  122**  at  i3°.5  per  minute.  To  212^  at  is"*  per  minute. 
3d      da         „       „  6.0      „  „      „  20  „ 

In  continuation  of  the  e.xperiments,  with  the  same  pressure  of  steam, 
portions  of  the  water  were  evaporated . — 

Water  evitpotated      irtodnilmi        £««poraied  per 
in  xonniutes.  gquie  foot  per  hour. 


1.  9.9  lbs.      soft,  far  5  lbs.  .it$lbk 

2.  15.95  »        violent,  16.35  „  .174  „ 

3.  7.7    n       very  soft,       7  89  „  .084  „ 


1146  „  .126 


It 


There  are,  as  Engineering  remarks,  inconsistencies  in  these  results.  The 
scale,  no  doubt,  impeded  &e  acdvity  of  the  heat 

The  results  of  experiments  by  M.  Haviez,  with  a  cast-iron  boiler  havmg 
a  double  bottom,  are  also  given  by  Engineering.  The  1  oiler  was  1S.5 
inches  in  diameter,  and  13.5  indies  deep,  and  bad  a  jacketted  surfiice  A 
6.576  square  feet: — 
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Total  pressure  and 
temperature  of  steam. 

1.  67  lbs.  300**  F. 

2.  67  „ 


heated. 


229.7  lbs. 
237.6  „ 


from  So'  to  2 1 2°,  in  25  minutes. 
68  to  212,  in  22 


»> 


Actual  weight  of 


Per  iqiiare  foot 


t. 
2. 


31.24  lbs. 

34.10  „ 

Averages, 


iai4lbs. 

14.10  „ 


And  per  d^ree  differ^ 
s  of  tcmpciMim. 

.066  lb. 
.088 


12.12 


»> 


.077 


n 


n 


In  evaporating  the  water  at  212°,  from  8.8  to  11.44  lbs.  of  steam  was 
condensed  in  10  minutes;  being  at  the  rate  of  8.02  to  10.4  lbs.  jjer  square 
foot  per  hour;  or  .091  to  .116  lb.  per  square  foot  per  degree  of  difference 
of  temperature  per  hour. 

The  quantities  of  heat,  in  M.  Havrez's  experiments,  transmitted  per 
square  foot  per  degree  of  difference  of  temperature  per  hour  are  found 
from  the  quantities  of  steam  condensed,  as  follows: — 


Heat  utilised  from 
I  lb.  of  iteam. 


Coiled  pipe ;  heating  water 


Steain  condensed  per 
foot  per  de 
per  hour. 


1st  Experiment, 
2d  Da 
3d  Do. 


1003  units 
1071  „ 

1053  I* 


X 
X 


.264  lb. 

.271  » 
•270  » 


Heat  transmitted  per 
•qiuare  foot  per  d«p«e 
per  hour. 


265.3  units. 
20a2  „ 

284.3  >» 


Averages, 
Coiled  pipe;  evaporating  water 

961  units 

967  » 


xst  Experiment, 
2d  Do. 
3d  Do. 


X 

X 
X 


Averages, 
Oot^iron  boiler ;  heating  water  > 


ist  Experiment, 
ad  Da 


10^9  units 
1003  I) 


X 
X 


.263 


.  1 1 5  lb. 

•  174  „ 
.084  „ 

126 


jo661b. 
.088 


28ao 


9> 


lias  units. 

168.2 

8].2 


i2ao 


If 


69.90  units. 
93-54  n 


Averages, 
Caat^nm  boiler;  evaporating  watnt : 


.077 


81.72 


1st  Experiment 
ad  Da 


961  units 

9*1  n 


X 
X 


0391  lb. 
.118 


» 


87.45  vnits. 
rt34o  „ 


Av. 


.105  „ 


10043 


n 


Mr.  William  Anderson^  gives  the  zesults  of  experiments  on  the  power 

of  sugar-clarifiers  in  heating  water.  They  were  6  feet  6)4  inches  in 
diameter,  and  2  feet  6  inches  deep;  containing  a  copper  pan  18  inches 
deep,  bolted  into  cast-iron  steam-jackets,  with  a  working  capacity  of 
450  gallons,  and  having  a  heating  surface  of  52.58  square  feet.  The 


>  *'0d  the  Aba-el- Wakf  Sugar  Factory,  Upper  Egypt"  Proceedings  ofthi  Institmiim 
0/  CivU  Engimerst  voL  xxxv.,  1872*73. 
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average  results  of  three  experiments  in  heating  water  to  812**  are  as 
foUows>— 

Mean  duration  of  the  experiments  24  minutes. 

Mean  initia]  temperature  of  water  67*  F. 

Mean  steam  pressure  above  atmosphere  ...42.1  lbs.,  289**  F. 

Mean  weight  of  condensed  steam  742  „ 

Mean  weight  of  water  heated  4558  „ 

imits. 

Units  of  heat  in  condensed  steam  743   „  X990"       s  754»S8o 

Heat  spent  in  heating  copper  840   „  xi45**x.095«  11,571 

„         „  cast  iron  2828    „  x  145° x. 129=  52,9cx> 

„         „  wrought  iron.  567    „xi45°x.ii3=  9,200 

„        „         water  455*   »  ^  HS'  -660,910 

  734»67i 

ttlUtt. 

Units  of  heat  per  square  foot  per  difference  of     per  hour  in 

heating  water   210.2 

Loss  in  heating  clarifier,  radiation,  &c   Ii.i  per  cent 

The  mean  temperature  of  the  water  was  ^^'^^^^ - 140%  and  the  heat 

2 

Utilized  per  pound  of  steam  was  1062°  (=1170  +  32  -  140).  Then, 

=  .108  lb.  of  steam, 

1062 

condensed  per  square  foot  per  degree  per  hour. 

In  other  experiments,  with  a  smaller  clarifier,  similar  in  construction,  of 
12  ^ons  of  capacity,  the  trials  were  carried  furdier,  and  the  rate  of  boiling 
was  ascertained,  boUi  for  water  and  for  sirup,  the  latter  consisting  of  a 
solution  of  9  lbs.  of  molasses  and  4  lbs.  of  sugar  in  90  lbs.  of  water,  equal 
to  juice  at  about  8*"  Beaum^  The  quantities  of  heat  passed  through  the 
metal  were  as  follows: — 

Water.  Juice, 
units.  units. 

In  heating,  per  square  foot  per  difference  of  1°  F.  per  hour.  260  219 

In  evaporatmg,         „  ^  n   606  521 

showing  a  greatly  accelerated  passage  of  heat  when  evaporating,  2}i  times 
as  much  as  in  only  heating  the  water;  also,  that  the  addition  of  14}^  per 
cent,  of  sugar  reduced  the  efficiency  of  the  stuface  by  about  1 5  per  cent. 

Mr.  Anderson  made  similar  trials  to  test  the  efficiency  of  the  concen- 
trators, for  their  evaporating  powers.  It  is  only  necessary  to  state  here  that 
each  of  the  concentrators  consists  of  a  copper  tray  23  feet  long  by  6  feet  wide, 

of  an  inch  thicl^  heated  by  a  steam4>oiler  beneath  it,  and  forming  part 
of  it  The  boiler  is  i2l£  inches  deep,  flat-bottomed,  and  stayed  to  the 
tray  at  6  inches  pitch,  llie  heating  surface  of  the  tray  is  increased  by  495 
upright  hollow  nozzles  of  brass,  screwed  into  it,  very  thin,  and  slightly  taper; 
average  external  diameter  2 '4  inches,  vertical  projection  4}^  inches.  The 
tray  is  inclosed  by  a  sheet-iron  cover.  The  heating  surface  of  the  trav 
consisted  of  138  square  feet  horizontal  surface,  and  187  feet  of  vertical 
surface,  together,  325  square  feet.  By  experiment,  it  was  found  that  surfaces 
similar  to  those  of  the  tray  performed  as  follows: — 
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In  heating  water  to  the  boiUng  point,  5.8  lbs.  effective  pressure 
per  square  inch,  228"  F.,  per  square  foot  per  1°  F.  difference 
per  hour   368  units. 

In  evaporating   660  „ 

Here  the  jjassage  of  heat  for  evaporation  was  1.8  times  as  nuu  h  as  in  heating 
without  evaporation.  Applying  this  ratio  to  the  performance  of  the  tray 
itself,  Mr.  Anderson  calculates  that  the  efficiency  of  the  tray  by  experiment 

For  heating   271  units. 

For  evaporation  491 

The  obviously  superior  efficiency  of  the  model  is  accounted  for  by  its 
having  been  fully  chargeii  with  steam  from  the  factory  boilers;  ^'whilst  in 
the  actual  tray  the  generator  was  evidently  unequal  to  the  work.." 

The  mean  pressure  in  the  generator  was  47  lbs.  effective,  with  the 
temperature  294°  F.;  and  that  in  the  tray  was  5.8  lbs.,  temperature  228*^  F. 
The  total  heat  of  the  fiist  steam  was  1171^  from  32^  F.,  or  975^  above  228**; 
and  the  quantity  of  steam  condensed  per  square  foot  per  degree  per  hour 

Condensed. 

For  heating  271  -r  975  =  0.278  pound  of  steam. 

For  evaporating  49 1  ^  975  =  0.504     „  „ 

Mr.  ¥.  J.  Bramwell,  in  discussing  Mr.  Anderson's  paper,  gave  particulars 
of  similar  experiments  made  by  him  with  a  jacketed  copper  pan,  having  a 
working  capacity  of  100  gallons,  and  a  heating  surface  of  25  square  feet. 
The  pan  had  been  at  work  for  eight  or  nine  years,  and  probably  was 
incrusted  on  the  steam  side.  He  tried  the  performance  of  the  pan  with 
steam  successively  of  5  lbs.,  10  lbs.,  15  lbs.,  and  20  lbs.  effective  pressure, 
raising  the  temperature  of  the  water  from  58*^  to  212^  and  evaporating  it 
In  the  first  experiment,  with  5  lb.  steam,  he  found  that  the  rates  of  trans- 
mission of  heat  per  square  foot  per  degree  of  difference  per  hour,  taking 
observations  everv-  five  minutes,  in  raising  the  temperature  to  200°,  were 
successively  161,  151,  176,  160  units  of  heat,  whilst  in  heating  from  200* 
to  212°  the  rate  advanced  to  327  units;  and,  when  ebullition  comn.enced, 
to  427  units.  The  observed  rates  at  the  different  pressures  are  subjoined 
for  comparison: — 

Effective  pressure        Initial  temper-         Average  rate  of  trans-  Average  rate  of  transmission, 
ofstaam.  aiwt  of  water.  auiwm  op  to  sta*.         cvapoiaisogat  ata*  F. 


5  lbs.    58*  F.    —    4*7  units. 

10  lbs.    58    186  units    435  „ 

15  lbs   58    —    458 

20  lbs.    58    205    „    488 


ft 
tt 


Averages   196   „    452  „ 

From  these  results  it  appears  that  the  rate  of  transmission  for  evapora- 
tion is  more  than  double  the  rate  for  heating  ;  and  the  detailed  observa- 
tions, nt  5  lbs.  ])ressure,  show  a  marked  acceleration  of  transmission  when  the 
water  was  within  12°  of  the  boiling  ])oint.  These  cxj)crimcnts  confirm 
those  of  Mr.  Anderson,  and  it  is  very  probable  that  the  greater  agitation 
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and  quicker  circulatioii  of  the  water  as  it  neared  the  boiling  point,  and 
whikt  boiling;  was  the  cause  of  tiie  increased  rate  of  transmission  of  the  heat 
The  average  rates  above  given  show  that,  per  square  foot  per  degree  per 
hour,  the  quantities  of  steam  condensed  were: — 

CondcMod. 

In  heating  up  to  212''  201  lb. 

In  evaporating  at  212%  463  „ 

The  various  results  of  performance  above  detailed  are  numbered  and 
collected  in  table  No.  i6oi  and  the  averages  for  copper-plate  sin&ces, 
copper-coil  sui&ces,  and  cast-iron  sut&ces  are  given  in  the  lower  part  of 
the  table. 


Table  No.  160. — Results  of  Pfrforman'ce  of  Coiled  Pipes  akd 
Boilers  in  Heating  and  Evaporating  Water  by  Steam. 


'  AUTHOKITV. 

• 

Apparatus. 

1    Steam  condensed 
1  per  square  foot.  Tor 

!  I  F.  difTerence  of  tem- 
perature per  hour. 

Heat  ttansnutted 
per  square  foot,  for 

I*  F.  difference  oftem- 
peraturc  per  hour. 

Heating. 

F,vajK>- 
rating. 

Heating. 

Evapo- 
nuing. 

1.  Clement.... 

2.  Peclet  

4.     Do.  ...... 

6.  Do  

7.  Anderson... 

8.  Do. 

9.  Do. 

10.  Bramwell... 

Cast-iron  boiler.  

Copper  clarifier   1 

Copper  concentrator., 
f  Copper  concentra- )  ' 
)    tor  (modd)  j 

lbs. 

.x6o 

.313 
.292 

.268 
.077 
.198 
.278 

.201 

Um. 

.981 
1.20 

.126 

.105 

  i 

.504 
.463 

1 

units. 

335 
312 

280 
82 
210 
271 

368 

196 

94S 

I  T20 
I  20 
100 

491 
660 

4S» 

Averages  for  copj^er-plate  surface, ) 

Nos.  2,  7,  8,  9,  10   1 

Averages    for   copper-pipe   surface,  1 
3,  4  f 

1 

.248 

.29s 

•077 

1 

.483  i 

1.090 

.105 

276 

312 

82 

534 

1034 
100 

jVoU. — Nos.  I  and  5  are  omitted  from  the  averages  as  the  information  is  incomplete, 
and  for  Na  5,  the  lesnltt  are  not  oonsistent. 


It  appears  that  the  efficiency  of  copper-plate  surface  for  evaporation  is 
double  its  efficiency  for  heating  water;  for  copper-pipe  surface  the  efficiency- 
is  more  than  three  times  as  much;  and  for  cast-iron  plate  surface,  a  fourth 
more. 

That  the  efficiency  of  pipe-surface  is  a  fifth  more  than  that  of  plate- 
surface  for  heating,  and  more  than  twice  as  much  tor  evaporation. 
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That,  in  round  numbers,  copper-plate  surface  condenses  half  a  pound  of 
steam,  copper  pipe  condenses  a  pound  of  steam,  and  cast-iioD  plate-eoi&ce 
a  tenth  of  a  pouud,  per  square  foot  per  dc^gpcee  of  difference  of  temperature 
per  hour,  for  evaporation. 

That  the  quantity  of  heat  transmitted  is  at  the  rate  of  about  1000  units 
per  pound  of  steam  condensed. 

Tlitse  are  the  results  to  be  expected  when  the  surfaces  are  in  good 
condition. 

COOLING  OF  HOT  WATER  IN  PIPES. 

M.  Darcy  states  that  the  water  from  the  artesian  wells  at  Grenelles 
passed  underground  through  cast-iron  pipes  of  from  6)<  to  10  inches 
diameter,  for  a  length  of  2530  yards,  in  8  ' ^  hours,  equivalent  to  an  average 
velocity  of  3  inches  per  s^ond,  dischargmg  about  50  gallons  per  mrnute. 
The  water  was  cool^  from  80*  to  69°. 5  F.,  or  10°.  5;  being  at  the  rate  of 
1^34  per  hour.  The  loss  of  heat  amounted  to  307,600  units  per  hour, 
whidi  passed  through  16,424  square  feet  of  surfiice:  at  the  rate  of  18.7 
units  per  square  foot  per  hour,  for  a  mean  temperature  of  75°.  When  at 
rest  in  the  pipe,  the  water  was  cooled  at  the  rate  of  10'  F.  in  7  hours,  or 
21.6  units  per  sc[iiare  foot  per  hour.  Taking  the  temperature  of  the  ground 
at  62^,  the  mean  difference  of  teni])erature  was  13°  F.,  and  the  heat  trans- 
mitted per  square  foot  per  degree  per  hour  was  18.74-13  =  1.44  units  when 
the  water  was  in  motion,  and  21.6-^13  =  1.66  units  when  the  water  was 
at  rest 

Taking  the  results  of  experiments  by  Mr.  T^red^ld  on  the  rate  of  cool- 
ing of  water  in  pipes,  in  air,  as  corrected  by  Mr.  Hood,  a  cast-iron  pipe 
30  inches  long,  2  3^  inches  in  diameter  internally,  and  ^  inch  thick,  was 
filled  with  water  at  152°  F.  It  exposed  a  surface  of  2  square  feet,  with 
a  surrounding  temperature  of  67^  F.;  and  the  quantity  of  water,  including 
an  equivalent  for  the  heated  iron,  was  172  cubic  inches,  or  6  lbs.  weight. 
The  water  was  cooled  at  a  nearly  tmiform  rate,  from  152°  to  140''  F.,  in 
the  following  times,  to  which  are  added  the  cooling  and  the  units  of  heat 
passed  per  minute:— 

State  of  aist-iron  surfnce.  Cooled  la*  F.  in    Jt?^,^  ^..SffLfT?***  ^  » 

per  minute.         square  foot  per  minute. 

1.  Ordinar)'  brown  (rusty )| ..J 5  minutes  ...  o°.8  F....  0.8  x  3  ^  2.4 units. . 

2.  Black  varnished,  14-53  »»      ...0.83    ...0.83x3^2.5  „ 

3.  White,  two  coats  of  lead  paint,  15.33  „     ...  0.78    ...  0.78  x  3  =  2.34  „ 

To  reduce  these  results  to  the  general  standard  Sor  comparison: — 

Hwtt  psMsil  off 

Mcin  tcm-     Mean  dilTcn  ncc  B»  ■miaM  fin*  per  square  f(X)t  per 

pcriturrnf     (if  tcnijK.riturc  of  ^nwThSr^  degree  of  differ^ 

water.  water  and  air.  *  ence  per  hour. 

Fahi;  fUv.  oniti.  tmia. 

1  146**           79*           M  X  60  =144    1.823 

s  146    79           2.5  X  60— 150    1.900 

3  146  •        79  •        2.34x60-*  140.4    1.778 

From  other  exjjeriments  by  Tredgold,  hot  water  was  cooled  in  vessels 
made  of  tinned  plate,  sheet  iron,  and  glass  from  180^  to  159°  ¥.,  in  a  room 
at  56%  showing  an  average  excess  of  tempeeattire  cf  1x4''  F.   They  con- 
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tained  3.3  lbs.  of  water,  indiidiog  an  equivalent  for  the  metal  The  results 
were  as  follows: — 


c..^,^       ArtAof      Time  10  cool      Cooled  per  Heat  paned  per  Mnara 

buriace.       ^uTf»ct,  y>' F.  minute.  ibotperi  '  " 


square  feet.        minutes.  Fahr. 

4.  Tinplate,  55  46   0^65  65  x  3.3  -f  -55  =  3.60 

5.  Sheet  iron,..  .533  39   i*.03  2,03  x  3.3  ■^  .533  =  4.36 

6.  Glass,  500  31^  o*.94  94x3.34-  .50^4.14 

The  beat  passed  off  per  hour  was, 

4.  156.0  units  per  square  foot,  and  1.37  units  per  d^ree  of  difference. 
5  255.6   „  „  „  3,34  „  „  „ 

6.  248.4   „  „  „  3.18   „  „  „ 

To  group  the  e.xperimental  results  adduced  for  the  transmission  of  heat 
from  hot  water  in  iron  pipes  and  vessels  to  the  external  air: — 

Per  square  fcx>t  per 
degree  difference  cf 
temperature  per  hour* 

2}4  inch  cast-iron  pipe,  }(  inch  thick,  naked,        1.82  units. 

Sheet  -iron  vessel,   2.24  ,, 


Mean,   3.03  „ 

Cooling  op  Hot  Wort  on  Metal  Plates  in  Air. 

The  results  of  experiments  on  the  cooh'ng  of  wort  at  Tnieman's  breweryr 

are  recorded  in  Engineerifig,  vol.  vi.  Two  coolers,  no  feet  by  25  feet, 
made  of  thin  copper,  No.  15  wire-gauge,  or  inch  thick,  were  supported 
on  open  joists,  and  air  was  free  to  circulate  above  and  below  the  coolers. 
The  total  cooling  surface  amoimted  to  5500  square  feet.  The  wort  was  run 
over  the  coolers  in  a  thin  stream,  of  wmch  50  barrels  of  360  lbs.  each  were 
cooled  from  313^  to  iio^  F.  per  hour.  The  total  heat  passed  off  by 
evaporation  and  by  conduction  through  the  metal  was  50  x  ^60  x  (3I3^- 
I  10")  =  1,836,000  units  per  hour;  being  at  the  mte  of  334  umts  per  square 
foot  per  hour. 

When  the  wort  was  left  to  stand  on  the  coolers,  from  2  to  2)2  inches  deep, 
it  was  cooled  140''  in  from  six  to  eight  hours.  Taking  10  lbs.  per  stjuare 
foot  as  the  weight  of  the  water,  the  quantity  of  heat  passed  off  was 
i4o^x  10  _      ^^.^  ^  square  foot  per  hour. 

The  mean  temperature  of  the  wort  was,  in  the  first  case,  iIfL^-I^=  161^; 

3 

and  in  the  second  case  212°-^^=  142°.    The  mean  differences  of  tem- 

3 

perature,  taking  that  of  the  air  at  63%  were  99^  and  8o%  and  the  heat 
passed  off  per  square  foot  per  degree  of  difference  of  temperature  per 
hour  was — 

For  the  flowing  wort,  334   99  =  3.37  imits. 

For  the  still  wort,  300  -4-  80  =  2.50  „ 
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Cooling  of  Hot  Wort  by  Cold  Water  in  Metallic  Rbfrigeratobs. 

From  the  instructive  discussion  of  the  principles  of  brewery  engineering 
in  En^ncain^:^,  \  ol.  vi.,  the  following  particulars  are  derived  of  the  perform- 
ance of  tul)ular  retrigerators,  in  which  cold  water  is  passed  through  thin 
metallic  tubes,  which  are  surrounded  by  the  wort  to  be  cooled,  i  he  water 
and  the  wort  are  moved  in  opposite  directions  in  such  a  manner  that 
the  cold  water,  on  its  entrance  into  the  refrigerator,  meets  the  cooled  wort 
just  before  it  leaves  the  refrigerators,  and  the  warmed  water  passes  away 
fix>m  the  refrigerator  where  the  hot  wort  enters.  The  following  are  parti- 
cuhus  of  the  performance  in  five  experiments: — 


Table  No.  161. — Results  of  Performance  of  Metallic  Refrigera* 
TORS  IN  Cooling  Hot  Wort  with  Cold  Water. 


1 

^^^^^^^^^ 

1 

W0«T. 

Watsk. 

Specific 

Quantity 
passed 

through 
per  hour. 

Initi.il 
tempera- 
ture. 

Final 
tempera- 
ture. 

Cooled 
down. 

Quantity 
passed 
tnrough 
1  per  hour. 

! 

1  Initial 
tempera- 
ture. 

Final 
tempera- 
ture. 

Wanned 
up. 

Square  feet. 

Barrels. 

'  Fahr. 

Fahr 

Fahr. 

Barrels. 

Fahr. 

Fahr. 

Fahr. 

I.  881 

33-9 

1  212° 

140'' 

61. 1 

169° 

104° 

2.  514 

1. 104 

36.1 

»55 

59 

96 

1  75-5 

1  5^ 

100 

46 

1.088 

36.6 

191 

59 

132 

i  99.5 

54 

100 

46 

4-  514 

1.035 

47.3 

193 

59 

134 

90.7 

54 

100 

46 

5.  514 

I.OI8 

48.0 

178 

59 

119 

102.0 

54 

TOO 

46 

IMi  I.— A  band  oootains  36  gaUons*  or  360  lbs.  of  water. 

X— The  tempentme  of  the  air  in  Nos.  2  and  4  was  44*  F.,  and  in  Nob.  3  and  5,  40^* 

Dealing  with  the  data  of  this  table,  the  following  are  the  mean  tempera- 
tures and  differences  of  temperature  of  the  wort  and  the  water,  with  the 
quantities  of  heat  transmitted  per  unit  of  surface,  temperature,  and  time 


Na  of 
eiqicrinwQt. 

If  can  tcBip<Hmim 

Mean  differ- 
ence of 
temperature. 

Heat  transmittcil  f  cr  sqiiare 
foot  per  degree  per  hour. 

Of  wort 

Of  water. 

Measured  by 
reduction  of 
temperature 
M  wort. 

Meatnradby 

increase  of 
temperature 
of  water. 

I 
3 

3 
4 
5 

Averages, 

Fahr. 
142*' 

*io7 

"5 
126 

1 18.5 

Fahr. 
117^ 

77 
77 
77 
77 

Fahr. 

30 
48 
49 
41.5 

units. 

78 
81 

71 

91 
96 

units. 

104 
81 
67 

59 
79 

834 

78 
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To  show  how  the  quantities  of  hest  in  die  last  two  columns  are  calculated, 
take  the  first  example.    The  quantity  of  wort  passed  through  per  hour  was 

33.9  barrels  of,  say,  360  lbs.  each,  neglecting  the  extra  specific  gravit)'; 
cooled  down  through  140°  F.,  the  cooling  surface  was  881  square  feet,  and 
the  mean  difference  of  temperature  of  the  wort  and  the  water  was  25°  F. 
1  hen, 

33-9  X  36°-' 140^^8  ,^its  of  heat, 

passed  from  the  wort,  per  S(]uare  foot  per  r°  F.  difference  of  temperature 
per  hour.  Again,  61.1  barrels  of  water  were  warmed  up  through  104^  F. 
Then, 

61.1x360x104  ri.  • 

 rrrr^  2=  IO4  UlUtS  Of  heEt, 

881X25  ^  ^ 

absorbed  by  the  water,  per  square  foot  per  i*^  F.  per  hour,  and  similarly  for 

the  other  examples.  There  is  nn  inconsistency  in  the  excess  of  heat  taken 
up  by  the  water,  as  calculated,  above  that  which  was  passed  from  the  wort 
in  the  first  exam{)le,  indicating  that  there  was  an  error  of  obser\-ation.  For 
the  second  example,  the  quantities  are  equal.  The  remaining  obser\  ations 
show,  reversely,  that  more  heat  passed  from  the  wort  than  was  taken  up  by 
the  water.  The  averages  of  all  the  examples  show  that  83.4  units  of  heat 
were  passed  from  the  wort,  and  78  units  were  absorbed  by  the  water,  per 
square  foot  per  i**  F.  difference  of  tempemture  per  hour. 

It  is  well  to  note,  as  observed  in  Efigineeringy  that  the  rate  at  which  the 
wort  parts  witii  its  heat  increases  generally  as  the  s])ecific  gravity  is  less. 
This  acceleration  points  to  the  conclusion,  that  if  water  be  substituted  for 
wort,  the  rate  of  transmission  would  be  100  units  per  square  foot  per  i  "  F. 
difference  per  hour;  although,  conversely,  the  cooling  water  would  absorb 
only  80  units.  The  difference,  20  units,  would  be  passed  off  by  radiation 
and  conduction. 

CONDENSATION  OF  STEAM  IN  PIPES  EXPOSED  TO 

Tredgold  found,  by  experiment,  that  steam  of  an  absolute  pressure  of 
17.5  lbs.  per  square  inch,  temperature  221^  F.,  produced  one  cubic  foot  of 

water  per  hour  by  condensation  in  iron  pipes  exposing  182  square  feet  of 
surface  in  a  room  at  60''  F.  The  difference  of  temperature  was  161'',  and 
the  condensation  per  square  foot  per  hour  was  .352  lb.  of  water;  or,  per 
degree  of  difference  of  temperature,  .0022  lb. 

Experiments  made  in  1859  by  M.  Bumat,  on  the  efficiency  of  coating 
for  cast-uron  steam  pipes,  aflbrd  valuable  data  in  this  connection.*  The 
pipes  were  4.72  inches  in  diameter  externally,  and  %  inch  thick;  they  were 
arranged  in  fi\  e  groups  of  four  pipes  each,  each  group  presenting  an  aggre- 
gate surface  of  58  square  feet.  The  groups  were  placed  at  40  inches 
apart,  and  inclincil  at  an  angle  of  i  in  20,  in  a  large  unheated  hall  free  from 
air-currents.  Tiie  pipes  of  the  first  group  were  covered  with  straw  laid 
lengilnvise  to  the  thic  kness  of  0.6  inch,  bound  with  straw  rope  laid  closely 
round  it.     The  second  group  were  left  bare  as  they  came  from  the 

>  Reported  in  Prouedtngt  ^  ike  ImidittioM  0/  CnM  Engituers,  vol.  xli,  1874-75. 
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foimdiy.  In  the  thkd  group,  each  pipe  was  laid  in  a  pottery  pipe,  with  an 
air-space  between  the  two,  and  coated  with  a  mixture  of  loamy  earth  and 
chopped  stiaw,  covered  with  tresses  of  straw.  In  the  fourth  group,  the  pipes 
were  covered  ^vith  cotton  waste  to  a  thickness  of  an  inch,  ^vmpped  in  cloth 
bound  with  string.  In  the  fifth  group,  the  pipes  were  coated  with  a  com- 
position of  clay  and  cow's  hair  to  a  thickness  of  2.36  inches.  Finally,  trials 
were  made  with  the  second  group  of  pipes  by  coating  them  with  some  old 
felt  which  had  been  treated  with  caoutchouc;  and  a  second  trial  of  the 
fiftii  group,  after  the  composition  had  received  a  coat  of  white  paint  The 
pipes  were  supplied  with  steam  of  from  16^  lbs.  to  30  lbs.  absohite  pressure 
per  square  inch;  and  each  eiqperiment  lasted  from  40  to  56  minutes.  The 
results  of  the  experiments  are  given  in  the  annexed  table  No.  162. 

Table  No.  162. — RssOLTS  of  Experiments  ox  the  CoNDENSAXiON  OF 

Stbam  in  Cast-Iron  Pipes. 


(M.  Bnniat) 


AbsohttB  pres- 
sure of  steam 
per  square  inch. 

SlMB  COndflBsed  per  square  foot  uf  Mtenal  ttnfiMe 
of  pipes  per  hour. 

Air. 

Straw 

Bare, 

Pottery 
ant, 

3^ 

Waste 

coat, 

4th. 

Pbster 
5*. 

Um. 
16.5 

16.5 
18.4 
18.4 
22.0 
22.0 

22.0 
22.0 

25-7 

25-7 
29.4 

I  29-4 

2i8**.o 
218.0 

223.4 
223.4 
233-2 

233- 2 
2332 
241.6 
241.6 
249.1 
249.1 

Fahr. 

46^4 

33.8 

33-7 
27.1 

41.5 
36.5 

36. 1 
2S.9 

43.3 

36.5 

43-3 
30.6 

Fahr. 
I7I°.6 
184.2 
189.7 
196.4 

191. 7 
196.7 

197.1 
204.3 
198.4 
205.1 
205.8 
218.4 

lb. 

•139 
.152 

.164 

.182 

.246 

.164 

.162 
.201 
.244 
.274 
.252 
.225 

lb. 
.496 
.485 

•555 
•571 
•576 

•557 
.586 

•645 

.721 
.621 

lb. 

.170 
.166 
.186 
.264 
.258 
.158 

.178 
.264 
.301 

•285 
.270 
.250 

lb. 
.217 

.205 
.229 
.287 
.244 
.250 

.260 
.328 

•375 
•369 
•342 
.328 

Ik 

•254 
.262 

.287 

.344 
.320 

•346 
.389 

.379 
.336 

ATerages, 
22.0 

233.1 

36.5 

196.6 

.200 

.581 

.229 

.286 

.324 

When  the  plaster  coat  of  the*fifth  group  was  painted  white,  an  average  of 
C.307  lb.  of  steam  was  condensed  per  square  foot  of  pipe  per  hour;  and 
the  second  group,  with  the  felt  coating,  condensed  0.313  lb.  of  steam  per 
square  foot  per  hour. 

From  these  data  the  follownng  constants  ha\'e  been  dLTi\  cd,  for  an  al)solute 
pressure  of  steam  of  22  lbs.  per  square  inch  ;  for  the  quantity  of  steam  con- 
densed, and  the  quantity  of  heat  passed  off,  per  square  foot  of  external 
surface  of  pipe  per  hour  for  1°  F.  difference  of  temperature.  The  quantity 
of  heat  transmitted  per  pound  of  steam  is  the  difference  of  the  total  and 
sensible  heats  of  the  steam,  or  (i  152.5  +  32)  -  233.  i  =  95 1.4  imits: — 
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Steam  Condensed 

GoHDiTioii  or  SvmrACS.  ^l^^I^ZI?  — 53*. 


degree  per  how.  paned  off 

•  o  units. 

Bare,  or  uncovered  pipe  ,  00300  2.812 

Coated  with  straw  00T02  0.968 

Cased  in  pottery  pipes,  witli  air  space  001 15  1.108 

Coated  with  mtton-waste,  i  inch  thick  00146  1-384 

Coated  with  old  felt  00159  i .  5 1 5 

Coated  with  plaster  of  loamy  earth  and  hair  00165  1.568 

The  same,  painted  white  00156  1.486 

The  most  effective  coat  for  the  prevention  of  condensation  was  the  straw- 
coat,  and  that  it  had  the  effect  of  reducing  the  loss  by  condensation  to  one- 
third  of  that  which  took  place  with  the  naked  pipe.  With  the  naked  pipe, 
2.812  units  of  heat  were  transmitted  per  square  foot  per  degree  per  hour. 

In  experiments  by  Mr.  B.  G.  Nichol,  a  wrought-iron  pipe  3^  inches  in 
diameter  outside,  }{  inch  thick,  and  lagged  to  half  an  inch  thick  with  felt 
and  spun  yam,  condensed  steam  at  245°  F.  at  the  rate  of  .262  lb.  per  square 
foot  per  hour,  in  an  external  temperature  of  60°,  equivalent  to  1.26  units  of 
heat  per  square  foot  per  1°  difference  of  temperature. 

According  to  M.  Clement's  experiments,  the  quantities  of  steam  given 
in  the  second  column  below,  were  condensed  per  square  foot  of  pipe^surfece 
per  hour,  in  a  temperature  of  77**  F.  Assuming  that  the  steam  condensed 
was  of  20  lbs.  absolute  pressure,  the  difference  of  temperature  was  151®  F., 
and  the  weight  of  steam  condensed  per  i""  F.  is  given  in  the  third  column. 

SuBTACK.  Steam  oondensed  per  squm  foot 

'  per  hour. 

tote].  per  t*  F. 

Bare  cast-iron  pipe,  horizontal  328  lb.  .00217  lb. 

Blackened     do.         do  308  „  .00204  „ 

Bare  copper  pipe,        do  267  „  .00177  >> 

Blackened     do.         do  308  „  .00204  „ 

Do.         do.      upright  359  „  .00238  „ 

Here  it  appears  that  the  blackened  suiiaces  of  hon  and  of  copper  were 
equally  acti\  e ;  and  that  the  upright  pipe  condensed  more  steam  than  the 
same  pipe  laid  horizontally. 

Mr.  Grou\'elle  found  that,  in  a  temperature  of  60°  F.,  a  square  foot  of 
pipe  heated  by  steam  condensed  0.328  lb.  of  steam  per  square  foot  per 
hour.  Assuming  that  the  steam  was  of  20  lbs.  absolute  pressure,  the  difler- 
ence  of  temperatures  was  228**  -  60** » 168^  F.;  and  0.0020  lb.  of  steam  was 
condensed  per  square  foot  per  i**  F. 

Summarizing  the  several  results  above  for  bare  cast-iron  pipes: — 

IMWmnoe  of  temperature.    Steam  oondensed  per  square  foot  per  hour. 

toud.  per  s*  F. 

Tredgold  1 6 1  °  F.         o.  3 5  2  lb.      .002 2  lb. 

Burnat  196.6  0.581  „        .0030  „ 

Clement   151  0.328  „        .00217  „ 


Grouvelle  168  0.328  „  .0020 


Average,  say,  for  steam  1 
of  20  lbs.  absolute  V 169  0.400  „      .00235  „  say  lb. 

pressure  J 
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To  find  the  quantity  of  heat  dissipated  by  the  condensation  of  'U20  lb. 
of  steam: — the  difference  of  the  sensible  and  total  heats  of  one  pound  of 
steam  of  so  lbs.  absolute  pressure,  is  the  latent  heat,  954  units;  and 
954^42o»a.27  units,  the  heat  dissipated  per  square  foot  of  surfoce  per 

I**  F.  difTerence  of  temperature  per  hour. 

To  compare  the  condensing  power  of  still  air  with  that  of  still  water,  and 
referring  to  the  contents  of  table  No.  160,  page  468,  in  the  absence  of 
records  of  experiments  made  under  exactly  the  same  conditions,  it  may  be 
inferred  that  the  rate  of  condensation  in  thin  pipes  in  air  is  to  that  in 
water  below  the  boiling  point,  per  unit  of  sui&ce,  temperature,  and  time,  as 
2.26  units  to  312  units,  or  as  i  to  138.  M.  Peclet  takes  the  ratio  as  i  to 
200,  though  so  high  a  ratio  is  scarceh-  \\  arranted  by  the  evidence. 

Condcfisation  of  Steam  in  a  Boiler  Exposed  in  0pm  Air. — Messrs.  Fox, 
Head,  &  Co.,  Middlesborough,  made  comparative  experiments  with  a 
steam-boiler  on  their  premises,  in  two  conditions — naked,  and  covered 
with  non-conducting  cement.  From  an  account  of  the  experiments  in 
Engineerings  vol.  vi.,  it  appears  that  steam  of  50  lbs.  absolute  pressure  per 
square  inch  was  maintained,  and  that  the  effect  of  removing  die  covering 
was  that  one  cubic  foot  of  water  converted  into  steam  was  condensed  by 
50  square  feet  of  exposed  boiler-surface  per  hour.  This  is  equivaioat  to 
1.25  lbs.  of  steam  per  square  foot  per  hour.  The  weather  was  fine,  and 
taking  the  temperature  of  the  open  air  at  62''  F.,  that  of  the  steam  was 
298  -  62"-  236"  above  the  atmospheric  temperature;  and  the  rate  of  con- 
densation per  square  foot  per  degree  of  difference  of  temperature  per  hour 
was, 

1.25 -7- 236  =  .0053  lb. 

The  latent  heat  of  one  pound  of  the  steam  was  904°  and  904  x  1.25  =  1130 
units  of  heat  transmitted  per  square  foot  per  hour.  The  quantity  of  heat 
ttansmitted  per  square  foot  per  degree  of  difference  of  temperature  per 
hour  was, 

X 130  -f  236  =  4. 79  units. 

This  is  more  than  three  times  as  much  as  was  found  to  be  transmitted  in 
the  still  air  of  a  room. 

Condensation  of  Vapours  in  Pipes  or  Tubes  by  Water. 

The  condensation  of  vapours  by  the  application  of  cold  water  or  air» 
Is  in  imndpte  the  same  as  the  heating  of  water  or  air  by  steam;  and  the 
same  pn^rtions  for  condensing  sur&ce,  when  steam  is  to  be  condensed, 
are  applicable  in  the  two  cases. 

The  surface-condenser  of  a  steam-engine  is  a  case  in  point.  To  educe 
the  constant  quantity  of  heat  transmitted  per  unit  of  surface,  temperature, 
and  time,  close  analysis  of  the  indicator-diagram  would  be  required,  to 
follow  exactly  the  variations  of  pressure  and  temperature  of  the  condensing 
steam.  From  die  investigations  of  M.  Audenet,^  of  the  action  of  the 
surface-condensers  on  board  die  transport  ship  Dtves^  it  appears  that  500 
English  units  of  heat  were  transmitted  per  square  foot  per  1°  F.  difference 
of  temperature  per  hour.   These  condensers  were  arranged  in  three  groups 

*  Proceedings  of  the  Imtitution  of  Civil  Et^ihuen,  vol.  xxxix.,  1874-75,  P*  399* 
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of  tubes,  successively  traversed  by  the  water.  For  the  condensers,  arranged 
in  two  groups,  on  board  the  JMtam^eau,  the  o(Histant  was  only  from  220 

to  240  English  units. 

A  valuable  series  of  experiments  on  the  surface-condensation  of  steam  was 
made,  in  1875,  by  Mr.  B.  G.  Nichol,  at  the  Ouseburn  Engine  Works,  New- 
castle.^ A  brass  tube,  ^  inch  in  diameter  outside,  and  No.  18  wire-gauge 
in  thickness,  was  inclosed  in  an  iron  pipe  3^  inches  in  diameter  outside, 
^  inch  thidc,  and  5  feet  5^  mches  long  betwieen  the  ends.  The  braas 
tube  exposed  an  external  condensing  sur&oe  of  r.0656  square  feet.  Steam 
was  admitted  into  the  pipe,  and  was  condensed  by  cold  water  passed 
through  the  tube.  The  pipe  was  lagged  with  felt  and  wrapped  with  white 
spun  yarn  to  a  diameter  of  4^  inches.  It  was  tested  for  the  radiation  of 
heat  from  its  external  surface,  which  had  an  area,  including  the  ends,  of 
5.48  scjuare  feet;  the  inner  tube  having  been  sealed  up  during  the  test.  It  was 
found  that  steam  of  an  average  temperature  of  245°  F.  was  condensed  in 
the  pipe  at  the  ate  of  1.4375  hoax,  equivalent  to  .262  lb.  per 

square  foot  of  surfiu:e.  The  heat  transmitted  was  (total  heat  r  154+32) 
-  245*941  units  per  pound  of  steam  condensed;  and  it  was  (941  x  .262) 
=  246.5  units  per  square  foot  per  hour.  The  external  temperature  in  the 
workshop  was  60°  F. ;  the  difference  of  internal  and  external  temperatures 
wxs  245°  — 60""  -  195';  thence  the  radiation  per  degree  of  dilference  of 
temperature  was  246.5^195  =  1.26  units  per  square  foot. 

The  temperature  of  the  steam  introduced  for  experiment  into  the  pipe, 
was  about  255"*  F.,  lor  a  total  pressure  of  32.5  lbs.  per  square  inch,  and  tiie 
initial  tempemture  of  the  condensing  water  was  58^  Two  series,  of  three 
experiments  each,  were  made  with  the  pipe  in  a  vertical  and  in  a  horizontal 
position.   The  following  are  the  principal  results  of  the  six  experiments : — 

Vertical  Position.  Homontal  Position. 

I  2  456 

Steam  condensed  per  square  foot  of  tube  per  hour, — 

52.32,   78.18,   84.34,  67.8,     104.6,     1 2 1.3  pounds. 

Condensing  water  passed  through  tube  per  square  foot  per  hour, — 
659,     2272,    3184,  633,      2505,      3390  pounds. 

Condensing  water  per  pound  of  steam  condensed, — 

12.6,      29,      37.7,  9.3,       24,        27.9  pounds. 

Velocity  of  water  through  the  tube  in  feet  per  minute^ — 

278,     39o»  78»  307*       415  feet 

Waal  temperature  of  condensing  water,—- 

140",    93°5,     85%  165%  loi",      94^5  F. 

Rise  of  temperature  of  condensmg  water, — 

35  -5,     27^  I07',  43°,       36^S  F. 

'  An  excellent  aoconnt  of  these  experiments  was  published  in  Engiruering^  of  December 
10^  1875,  from  whadi  the  prindiMl  data  ace  derived  for  this  notkei 
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Mean  tempeiatuze  of  condensing  watei; — 

99',     75*7,    7i".5.  "1^5.    79^5.      76*.«  F. 

Mean  difference  of  temperature  of  steam  and  condensing  water, — 

Heat  transmitted  from  steam,  reckoned  from  its  temperatwe,  per  square 
foot  per  hour, — 

45»96o,  68,670,  74»04o,  S9fiSo,  91,950,  106,700  units. 

'  Heat  transmitted  from  steam,  reckoned  ftom  its  temperature,  per  square 
foot  per  hour,  per  1°  F.  difference  of  temperature^ — 

295»     383*     401,  422,      530,  .    600  units. 

Heat  absorbed  by  the  water  per  square  foot  per  hour, — 

54,038,  80,656,  85,968,  67,731,  107,715,  123,735  units. 

1 1  cat  absorbed  by  the  water,  per  square  foot  per  hour,  per  1°  F.  difference 

of  temperature, — 

346,     449,     466,  479,      621,       696  units. 

The  condensing  tube  acted  more  efficiently  in  the  horizontal  position 
than  in  the  vertical  position :  a  result  the  reverse  of  what  was  found  by  M. 
Q^ment,  condensing  in  air  (p.  474).  There  is  a  large  excess  of  heat  as 
carried  off  by  the  water,  above  the  heat  as  calculated  from  the  quantity  of 
steam  condensed.  In  this  calculation,  it  is  assumed  that  the  condensed 
steam  left  the  pipe  at  the  temperature  of  the  steam  ;  hut  very  probably 
Uie  water  was  reduced  within  the  pipe  more  nearly  to  the  temperature  at 
which  it  was  discharged — about  200**  F. 

It  appears,  further,  that  the  efficiency  of  the  condensing  sur&ce  was  very 
much  mcreased  by  an  increase  of  velocity  of  the  water  through  the  tube. 

When  other  vapours,  as  diose  of  alcohol,  are  to  be  omdensed,  it  may  be 
assumed  for  purposes  of  general  comparison,  that  the  wcic;ht  of  vapour 
that  may  be  condensed  per  unit  of  surface,  temperature,  and  time,  will  be 
inversely  as  the  total  heat  of  the  vapour.  The  total  heat  of  vaporized 
alcohol,  by  table  No.  125,  page  372,  is  461.7  units,  which  is  about  1  ,oths 
of  that  of  steam  at  one  atmosph^e;  and  the  relative  weights  of  steam  and 
alcoholic  vapour,  at  this  pressure,  that  may  be  condensed  per  unit  of 
surfiux,  temperatiire,  and  time,  are  as 

461.7  to  1146.1,  or  as  I  to  2.5  nearly. 

WARMING  AND  VENTILATION. 
Ventilation. 

Mr.  Hood  finds  that  in  winter  from  3>^  to  5  cubic  feet  of  air  per  head 

per  minute  are  sufficient,  under  ordinary  conditions,  for  the  proper  ventila- 
tion of  apartments;  and  in  summer,  from  5  to  10  cubic  feet  per  minute. 
With  these  i^roportions  the  wholesomeness  and  purity  of  the  atmosphere 
are  maintained. 

These  proportions  agree  with  those  deduced  by  M.  Peclct ,  according  to 
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his  deductions,  i}i  cubic  feet  of  air  per  head  per  minute  is  the  minimum 
that  should  be  provided,  in  ordinary  circumstances.  When  the  ventilation 
takes  place  by  numerous  apertures  from  below  upwards,  from  4  to  6^ 
cubic  feet  maintains  the  air  of  the  room  sufficiently  ])ure.  In  peculiar 
cases,  as  in  hospitals,  from  30  to  60  cubic  feet  of  air  per  bed  per  minute 
are  admittevl. 

Ventilation  is  produced  by  natural  draft,  or  by  artificial  draft  produced 
by  mechanical  means.  The  second  method  will  be  considered  in  a 
subsequent  section.  With  respect  to  the  fost,  the  ascensional  force  is 
measured,  as  it  is  with  hot  water,  page  484,  by  the  difference  in  weight 
of  two  columns  of  air  of  the  same  height,  the  height  being  measured  by 
the  total  difference  of  level  between  the  inlets  for  warm  air  and  the  outlets 
into  the  ainiusphere.  The  ditierence  of  weight  is  ascertained  from  the 
difference  of  the  temperatures  of  the  ascendmg  warmer  air  and  the 
external  atmosphere,  by  the  aid  of  table  No.  115,  page  351;  or  for  inter- 
mediate tempoatuies,  by  the  formulas  (9),  page  350,  and  (2),  page  347. 
The  reasoning  that  is  applied  to  the  question  of  the  circulation  of  water- 
columns,  page  485,  is  applicable  to  that  of  air-columns.  Suffice  it  for  the 
present  to  reproduce  the  following  table.  No.  163,  by  Mr.  Hood,  showing 
the  rate  of  discharge  through  a  ventilating  opening  one  foot  square,  for 
various  heights  and  differences  of  temiterature,  calculated  by  a  rule  like 
that  for  water  at  page  485;  and  subjected  to  a  reduction  of  one-fourth 
the  calculated  quantities,  to  comprise  the  necessary  corrections  for  the 
contaminations,  chiefly  carbonic  acid,  which  go  to  increase  the  specific 
gravity  of  the  current,  for  fiictional  resistance,  and  for  the  resistance  of 
angular  deviations 


Table  No.  163.— Air  Discharged  thrcoh  a  Ventilator  per  Square 
Foot  of  Opening,  for  Various  Heights  and  Differences  of 
Temperature. 


Height  of  Ventilator 
frtMn  Che  FkNW. 

Excess  of  Temperature  of  the  Room  above  that  of  the  External  Air, 

in  Fahrenheit  dagrwM. 

10° 

IS" 

20" 

as' 

fact. 

cubic  Cml 

cubic  feet. 

cubic  feeL 

cubic  feet 

cubic  feet. 

10 

116 

164 

200 

360 

284 

15 

142 

202 

284 

318 

348 

20 

164 

232 

285 

330 

36S 

404 

25 

184 

260 

318 

368 

410 

450 

30 

201 

284 

347 

403 

450 

493 

35 

218 

306 

376 

436 

486 

531 

40 

235 

329 

403 

4^5 

518 

570 

45 

248 

348 

427 

493 

55> 

605 

SO 

260 

367 

450 

5.8 

579 

635  1 

The  velocity  of  the  draft  having  been  fuund  for  any  particular  case, 
together  with  the  quantity  of  air  to  be  supplied  per  minute,  the  sectional 
area  of  the  air  passages,  inlet  and  outlet,  may  be  simply  calculated  from 
those  data. 
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In  all  methods  of  ventilation, "  says  Mr.  Hood,  ''it  is  advisable  to  make 
the  aggregate  area  of  the  opemogs  that  admit  tiie  firesh  air  bu-ger  than  the 
aggi'egate  openings  for  the  efflux  of  the  vitiated  air.  This  becomes  necessazy 

notwithstanding  the  increase  of  volume  which  takes  place  in  the  heated  and 
vitiated  air.    If  the  opposite  course  be  adopted,  and  the  eduction-tubes 

be  larger  than  the  induction-tubes,  then  a  counter-current  takes  place  in  the 
hot-air  or  ventilating  tubes,  and  the  cold  air  descends  through  them;  but 
by  making  the  induction-tubes  numerous,  and  of  a  large  total  area,  the 
velocity  of  the  entering  current  is  reduced,  and  unjjleasant  drafts  are 
avoided.  It  is  also  expedient  to  divide  the  entering  current  as  much  as 
possible;  for  by  so  doing,  it  prevents  the  dangerous  effects  of  cold  draughts, 
when  the  entering  current  is  colder  than  the  air  of  the  room ;  and  when  it 
is  hotter  than  the  air  of  the  room  it  prevents  the  air  from  rising  too  rapidly 
towards  the  ceiling,  and  therefore  distributes  it  more  equally  throughout  the 
apartment.  Provided  the  aggregate  openings  for  the  admission  of  cold  air 
be  not  less  in  size  than  those  for  the  emission  of  the  heated  air,  the  (juantity 
of  air  which  enters  a  room  depends  less  upon  the  size  or  number  of  the  open- 
ing which  admit  the  fresh  air  than  upon  the  size  of  those  by  which  the 
vitiated  air  is  carried  off." 

In  very  hot  weatiier  and  with  crowded  assemblies,  the  draft  is  assisted  in 
theatres  and  some  other  large  buildings,  by  heatii^  the  air  in  the  upper 
part  of  the  ventilating  tube,  which  materially  accelerates  the  upward 
current,  and  increases  the  influx  of  fresh  air.  The  heat  of  the  large  gasa- 
lier  in  the  centre  of  the  house  near  the  ceiluigs  of  theatres  is  thus  utilized 
for  ventilation. 

Another  mode  of  accelerating  the  draft  is  to  conduct  the  spent  air  into 
the  lower  part  of  a  vertical  shaft,  where  a  furnace  is  maintained  in  active 
combustion,  and  a  very  hot  column  of  air  is  maintained. 

Ventilation  op  Mines  by  Heated  Columns  of  Air. 

Reser^'ing  for  a  subsequent  section  the  consideration  of  mechanical  venti- 
lation, the  ventilation  of  a  mine  by  the  assistance  of  a  furnace  placed  at  the 
bottom  of  the  upcast  shaft  is  effected  by  the  heating  of  the  ascendmg  colunm 
of  air  and  other  gases  discharged  from  the  mine,  just  before  entering  the 
shaft,  by  burning  fuel  The  furnace  should  be  as  low  down  as  possible, 
so  as  to  afford  the  longest  column  of  heated  air  that  may  be  got,  since  the 
velocity  of  draft  increases  as  the  square  root  of  the  height  of  the  column. 
The  furnace  should  be  so  constructed  that  all  the  air  from  the  mine  should 
pass  freely  under  and  over  the  grate.  The  grate  may  be  six  feet  in  length 
from  front  to  back,  but  only  the  first  four  feet  of  bar-surface  are  covered 
with  fuel;  and  with  air-space  round  the  arch,  the  radiant  heat  of  the 
furnace  is  economized.  There  is  a  great  loss  of  heat  by  lateral  conduction 
through  the  rock  and  the  walk  of  the  shaft.  When  shafts  are  dry  and  bricked 
throughout,  a  temperature  of  200"  F.  is  the  greatest  diat  can  be  had 
economically.  Even  in  such  shafts  die  loss  of  heat  laterally  often  amounts 
to  a  fifth;  and  in  shafts  which  are  wet  and  unwalled,  the  loss  amounts  occa- 
sionally to  four-fifths  of  the  whole  of  the  heat  communicated.  According 
to  Mr,  Mackworth,  loo'^  F.  should  be  a  sufficiently  high  temperature  for 
good  ventilation  ;  it  is  relatively  economical,  and  does  not  do  much  injury 
to  machinery.   With  a  powerful  furnace,  and  in  the  absence  of  obstructions. 
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the  greatest  vdodty  of  liie  ciHrent  is  30  feet  per  second;  but  when  there  is 
roshchinery  in  the  shaft,  the  velocity  seldom  exceeds  10  feet  per  second. 
The  first  object  in  ventilation  is  to  produce  a  slow  perceptible  motion  in 

the  whole  of  the  air  of  the  mine.  At  a  velocity  of  30  feet  per  minute,  the 
flame  of  a  candle  is  just  perceptibly  deflected.  The  air  should  not,  if 
possible,  be  made  to  travel  faster;  for  the  resistance  of  the  sides,  and  leak- 
ages, increase  rapidly  as  tiie  velocity  is  increased-  The  air  should  be  heated 
uniformly,  but  slightly;  and  that  it  may  not  be  impeded,  the  furnace-drift 
diould  be  5  or  10  fothoms  in  length,  and  should  rise  at  an  inclinaJaon 
of  I  in  4. 

One  pound  of  coal  of  average  composition,  when  completely  burned,  is 
capable  of  raising,  in  roimd  numbers,  600,000  cubic  feet  of  air  i"  F.  in 
temperature.  At  Hetton  Colliery,  where  tliere  are  three  furnaces,  of  which 
one  is  9  feet  wide,  and  two  are  8  feet  wde,  one  pound  of  coal  raises  the 
temperature  of  1 1,066  cubic  feet  of  air  62°  F.,  equivalent  to  the  raising  of 
11,066  X  62  -  686,092  cubic  feet  1°  in  temperature. 

One  of  the  best  examples  of  fiiniace^entilatbn  is.  or  was,  to  be  found 
at  Morfa  Colliery,  South  Wales.  The  fiimace  is  6  feet  2  inches  wide,  at 
the  base  of  a  shaft  10  feet  in  diameter,  and  60  fathoms  deep;  it  delivers 
62,000  cubic  feet  of  air  per  minute,  raised  to  a  teiiq>erature  of  198°  F.  by 
the  combustion  of  $}(  lbs.  of  coal.  The  average  temperature  of  the 
ascending  column  at  a  depth  of  25  yards  down  the  shaJft  was  observed 
to  be  188  ',  just  before  coals  were  charged  on  the  grate;  two  minutes  after 
cliarging  the  temperature  was  196°;  three  minutes  after  charging,  196  ;  and 
eight  minutes  after,  191^  The  *'drag"  or  draft  was  3)^  lbs.  per  square 
foiot,  not  including  the  shafts.   The  useful  effect  was,  therefore, 

62,000x3-5,^^^8  hoisepower, 

33,000 

or  6j4  horse-power,  as  estimated  by  Mr.  Mackworth;  from  which  he  infers 
that  i}{  horse  jjower  was  obtained  by  one  pound  of  coal  ])er  minute. 
This,  reduced  to  the  ordinary  form  for  comparison,  is  equivalent,  for 
(5.25  lbs.  X  60^ )  315  lbs.  of  coal  consumed  per  hour,  to  48  lbs.  of  coal 
per  horse-power  per  hour.  At  Hetton  Colliery  it  is  found,  by  a  similar 
calculation,  that  40  lbs.  of  coal  was  consumed  per  horse-power  per  hotur, 
in  a  shaft  150  fathoms  deep. 

It  is  stated  that  a  consumption  of  one  pound  of  coal  per  minute  for 
furnace-ventilation  is  sufiicient  for  a  mine  employing  300  men,  in  the 
hottest  suniimer  day. 

In  collieries  at  \\VexIiam,  the  waste-steam  of  the  engine  is  employed  to 
heat  the  air  in  the  upcast  shaft.  A  cage,  consisting  of  150  gas-pipes  united 
at  top  and  bottom  by  hollow  cast-iron  rings,  is  placed  in  me  lower  part  of 
the  shaft,  or  in  the  return  drift,  the  exhaust  steam  is  condensed  in  die  cage, 
and  a.  temperature  of  So**  F.  is  thereby  maintained.^ 

Cooling  Action  of  Window  Glass. 

Mr.  Hood  states  that  one  square  foot  of  window  glass  win  cool  1.28 
cubic  feet  of  air  (say  at  63^  F.)  i**  F.  per  minute,  or  76.8  cubic  feet  per 

^  The  data  conUuued  in  the  above  notice  of  the  ventilation  of  mines  are  deiiv<ed  from  a 
lecture  by  Mr.  H.  llCadcworth,  reported  in  the  OUiery  GtumNam,  ia  1858. 
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hour,  per  degree  of  difference  of  temperatures  of  the  intemal  and  external 
air.  One  unit  of  heat  will  raise  the  temperature  of  55)^  cubic  feet  of  air 
at  62°  F.  by  I*"  F.,  from  which  it  follows  that  heat  is  tfansmitted  through 
window-glass  from  the  air  <^  a  xo<Mn  to  the  external  air,  at  the  rate  of 

76.8 

L —  =  1.40  umts, 

55-5 

per  square  foot  i>or  degree  of  difference  of  temperature  per  hour. 

The  relative  cooling  influence  of  wind,  or  air  in  motion,  on  glass,  was 
tested  by  exposing  the  bulb  of  a  thermometer,  which  was  raised  to  a  maxi- 
mum temperature  of  120*  F.,  to  a  current  of  air  at  68*,  moving  at  various 
vdocities*  The  time  required  to  cool  the  thermometer  20^  varied  inversely 
as  die  square  root  of  the  velocity. 


HSATING  RoOlf  S  BY  HOT  WaTER. 


The  effect  of  hot  water  in  heating  air  is  a  function  of  the  respective 
spedhc  heats. 

The  average  specific  heat  of  water  between  32"^  and 
212°  F.  is   1.005 

The  specific  heat  of  air  is   .2377 

Ratio  of  densities  of  water  and  air  at  62*  F   i  to  819.4 

Ratio  of  the  volumes  of  water  and  air  raised  F. 
by  equal  quantities  of  heat  (i  to  819.4-T-.2377).  i  to  3465. 

From  this  it  appears  that  one  cubic  foot  of  water  will,  by  parting  with  i""  F. 
of  heat,  raise  the  temperature  of  3465  cubic  feet  of  air  at  62^  by  1^  F.;  or 
one  unit  of  heat  will  raise  55^^  cubic  feet  of  air  at  62**  by  F. 

Mr.  Hood  estimates,  from  experiments  made  by  Tredgold,  that  the  water 
contained  in  an  iron  pipe  of  4  inches  diameter  internally  and  4%  inches 
estmially,  loses  0.851°  F.  of  heat  per  minute  when  the  excess  of  its 
temperature  is  125  V.  above  tliat  of  the  surrounding  air,  and  that  one  foot 
in  length  of  the  pipe  will  heat  222  cubic  feet  of  air  one  degree  per  minute 
when  the  difference  of  temperature  is  125°  F.  This  estimate  is  too  low,  as 
it  is  based  upon  too  high  a  value  for  the  specific  heat  of  air,  namely,  .2767. 
If  the  quantity  be  increased  in  the  inverse  ratio  of  the  assumed  and  Uie 
actual  specific  heat  of  air,  the  volome  of  air  raised  by  one  foot  leng^  of 
four-inch  pipe,  when  the  esocess  of  temperature  is  125^  F.,  will  be 

222  X  -  '  ^7    258  cubic  feet 
.2377 

Assuming  that  the  rate  of  cooHng  of  a  hot-water  pipe  is  proportional  to 
the  excess  of  temperature,  it  would  follow  from  the  observation  above 
recorded  that  when  the  temperature  of  the  pipe  is  147°  F.  above  that  of 
the  air  in  the  room,  it  falls  1°  in  a  minute. 

Let  /  =  the  temperature  of  the  pipes,  f  ^  the  required  temperature  of 
the  room,  t"  =  the  temperature  of  the  external  air,  V  -  the  volume  of  air  in 
cubic  feet  to  be  warmed  per  minute,  and  the  lepgth  of  the  pipe  in  feet 
Then,  according  to  the  preceding  data, 

SI 
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,  i25(/--OV. 

232  (/-f)  ' 


or. 


/«.56  V 


t~t' 

using  Mr.  Hood's  divisor  222.  But 

t'-t' 


(I) 


/«.5oV 


(m) 


usii^  the  divisor  258. .  Whence  the  rule: — 

Rule. — Tb  find  the  iength  of  four4Hth  pi^e  required  for  hioUng  the  tUr  in 
a  huUding.  Multiply  the  volume  of  air  in  cubic  feet  to  be  wanned  per 
minute,  by  the  difference  of  tcmj>cratiire  in  the  room  and  the  external 
temperature,  and  by  0.56  (Mr.  Hood),  or  by  0.50  (the  author),  and  divide 

Table  No.  164. — ^Length  op  Foim-iNCH  Pipe  to  Heat  iooo  Cubic 

Feet  op  Air  per  Minute. 

Temperature  of  the  Pipe,  200**  F. 


TnmKATinw  op  tmb  Room. 

EXTKRNAl, 

A  ■MFKR  A* 

Tvas. 

45* 

SO* 

55* 

6o* 

65* 

75* 

8r 

Fahrenheit. 

feet. 

feet. 

feet. 

feet. 

feet. 

feet 

feet. 

feet. 

feet. 

feet. 

10° 

126 

174 

200 

229 

259 

292 

328 

367 

409  ' 

12 

119 

142 

166 

192 

220 

251 

283 

318 

357 

399 

14 

I  I  2 

135 

159 

184 

212 

242 

274 

309 

347 

388 

16 

127 

151 

176 

304 

233 

265 

300 

337 

378 

18 

98 

120 

143 

168 

195 

225 

256 

290 

328 

368 

20 

9« 

112 

135 

160 

187 

216 

247 

281 

318 

358 

22 

83 

128 

152 

179 

207 

238 

271 

308 

347 

24 

76 

97 

120 

144 

170 

199 

229 

262 

298 

337 

26 

69 

90 

112 

136 

162 

190 

220 

253 

288 

327 

28 

61 

82 

104 

128 

154 

181 

211 

243 

279 

3"7 

30 

54 

75 

97 

120 

145 

173 

202 

234 

269 

307 

3a 

47 

67 

89 

112 

137 

164 

193 

225 

259 

296 

34 

40 

60 

81 

104 

129 

155 

184 

215 

249 

286 

36 

3a 

5* 

73 

96 

120 

147 

175 

206 

239 

276 

38 

»5 

45 

66 

88 

112 

138 

166 

196 

230 

266 

40 

18 

37 

58 

80 

104 

129 

157 

187 

220 

255 

42 

10 

30 

50 

72 

95 

121 

148 

178 

210 

245 

44 

3 

22 

42 

64 

87 

112 

139 

168 

200 

235 

46 

15 

34 

56 

79 

103 

130 

159 

190 

225 

48 

7 

27 

48 

70 

95 

121 

181 

214 

50 

19 

40 

62 

86 

112 

140 

171 

204 

52 

II 

32 

54 

77 

103 

i3« 

161 

194 
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the  product  by  the  difierence  of  the  intenial  temperature  and  that  of  the 
pip^   The  quotient  is  the  length  of  pipe  in  feet 

Mr.  Hood.  Anihor. 

N<Bie, — ^For  three-inch  pipes,  use  the  multiplier  0.75,  or  0.67. 
For  two-inch  pipes,       da      do.     i.is,  or  i.oo. 

The  table  No.  164,  composed  by  Mr.  Hood,  shows  the  length  of  four- 
inch  pipe  reciuired  to  heat  1000  cubic  feet  of  air  per  minute,  when  the 
temperature  of  the  pipe  is  200°  F. 

TateU  Quantity  0/  Air  to  be  iVarmed  per  Minute, — In  habitable  rooms  the 
Table  No.  165. — Length  of  Four-inch  Pipe  required  to  Warm 

ANY  BUILDINa 


Buildttf. 


Churches  and  large  1 
public  rooms  j 


Dwelling-rooins  

Do  

Halls,  shops,  waiting- 
rooms,  &c  

Do.  do. 

Work-rooms,  manu- 

fectoriesy  &C.  

Da  do. 

Schoote  and  lecture-) 
rooms  I 

E>rying-rooms  for  wet  j 
linen,  &c — When  \ 
empty  ) 

Do.,  when  filled  

Drying-rooms  for  cur-  \ 
ing  bacon,  drying  ^ 
paper,  leather,  mdes ) 

Greenhouses  and  con- ) 
servatories  

Graperies  and  Stove- 
houses   

Do.  do. 

Pineries,  hot-houses,  )  1 
and  cucumber  pits .  j 


pSfw»cub«  Temperature 
feet. 


13 
14 
ID 

12 

6 
8 

6  to  7 
150  to  180 


so 

35 

45 

50 
55 


ir<^hr«iiiK«>jt, 

55* 

65 
70 

55 
60 

50  to  55 
60 

55  to  58 

ISO 

80 
70 

55 

65  to  70 
70  to  75 
80 


In  very  cold  weather. 
If  tile  air  is  regnlaily 

chanf^ed,  from  50  to  70 
per  cent,  more  pipe  is 
required. 


In  coldest  weather. 


Do., 
Do., 


do. 

do. 


I 


NpUto  Tai/f.— The  lengths  of  pipe  are  only  suitable  for  buildings  on  the  usual  plan 
and  of  ordinary  proportions. 
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total  quantkjr  is  eqoal  to  from       to  5  cabic  feet  per  minate  fcft  eadi 
person,  plus  the  equivalent  of  i     cabic  feet  for  each  square  foot  of  glaas. 
For  conservatories,  forcing-houses,  and  like  buildings,  the  quantity  of 

air  to  be  warmed  is  ij^^  cubic  feet  per  square  foot  of  glass  per  minute. 
The  radiation  of  heat  from  frames  and  sashes  made  of  metal  is  as  great  as 
from  glass.  The  surfaces  of  these  are  to  be  inc  luded  in  the  calculation. 
For  wood  fiame.s,  deduct  one-eighth  from  the  gross  area  of  surface. 

Approxinmtc  Rules  for  t/ir  Lnitrth  of  Four-inch  Pifc  required  to  Warm 
any  Buihiiu^.  —  Rules  are  deduced  by  Mr.  Hood  from  the  results  of  e.vperi- 
ence,  ami  they  are  generally  useful  m  practice.  I'he  multipliers  are 
collected  in  the  table  No.  165. 

Proper  Di a me/er  of  Pipe. — The  four-inch  pipe  is  of  the  best  size  for  all 
horticultural  j>uri)oses.  For  most  other  purposes,  smaller  pipes  may 
generally  be  more  adv  antageously  employed. 

Loss  l>y  Sinking  Heating  Pipes  in  Trenches. — ^^'hen  pipes  are  j)laccd  in 
trenches  coveretl  with  grating,  the  loss  of  hear,  as  estimated  by  Mr.  Hood, 
amounts  to  from  5  to  7  per  cent.,  which  passes  into  the  ground. 

Motive  Pinver  of  Hater  in  Circulation  through  Heating  Pipes. — The 
asc-ensional  force  is  measured  by  the  difference  in  weight  of  the  two 
columns  of  water  of  the  same  height,  ascending  and  descending  from  and 
to  die  boiler.  The  difference  of  weight  is  ascertained  from  the  difference 
of  the  average  temperatures  of  the  columns  from  which  the  respective 
densities  are  deduced  by  the  aid  of  table  No.  109,  page  539. 

The  following  table  showing  the  difference  of  weight  of  two  columns  of 
water  one  foot  high  at  various  temperatures,  which  is  calculated  by  Mr. 
Hood  by  Dr.  Young's  formula,  and  gives  practically  the  same  results  as 
Rankine's  formula,  table  No.  109,  i^age  339. 

Table  No.  t66. — Differencb  of  Weight  of  Two  Columns  of  Water, 
EACH  One  Foot  High,  at  various  Temfcratures. 


Assumed  actual  Temperatures  from  170**  to  190°  F. 


Di/ferencc  of 
Tcfflperature  of 
the  two  Cdumiu. 

Diameter  of  Pipe. 

;  1 

)  • 

DifTcrence  of  weight 

t  ladi. 

9  Inches. 

3  Indies. 

4  Inches. 

j     per  square  inch.  | 

Fahrenheit. 

grain*. 

giaini. 

grains. 

grains. 

« 

1-5 

6.3 

14-3 

254 

2.028 

4 

31 

12.7 

28.8 

4.068 

6 

4.7 

19.I 

43-3 

76.7 

6.108 

8 

6.4 

25.6 

57-9 

102.5 

8.160 

10 

8.0 

33.0 

72.3 

1 28. 1 

10.800 

12 

9.6 

38.5 

87.0 

154.1 

12.864 

14 

II. 2 

45.0 

101.7 

180.0 

t  14.388 

16 

12.8 

514 

1 1 6.3 

205.9 

i          16. ^Q2 

! 

■  14-4 

57-9 

13 1. 0 

231.9 

18.456  i 

1  ao 

1 

1 

64.5 

145-7 

2580 

20532  ! 
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The  velocity  of  circulation  is  that  of  a  falling  body  due  to  the  difference 
of  height  of  two  columns  of  water  of  equal  weights  or  pressures  on  the  base, 
and  it  varies  as  the  square  root  of  the  difference  of  height  The  \  elocity 
may  be  found  l)y  the  aid  of  table  No.  85,  page  280.  The  difference  of 
height  is  proportional  to  the  difference  of  volumes,  table  No.  109;  and  if 
the  mean  height  be  increased  in  the  same  proportion,  the  increase  will  be 
the  height  from  which  the  velocity  is  to  be  calculated.  For  example,  let 
the  mean  height  be  10  feet,  and  the  difference  of  average  temperatures  of 
the  two  columns  10°  F.,  say  between  170**  and  180".  The  respective 
volumes  are  as  1.0369  and  1.03 1,  and 

10  feet  X         =  10.04  fcet. 
1.0269 

Then  10.04  -  10  =  .04  foot,  the  difference  of  height;  and  the  velocity  due  to 
this  height  is  1.61  feet  per  second,  or  96.6  feet  i>er  minute. 

If  the  height  be  20  feet,  the  difference  is  .08  foot,  for  which  the  velocity 
due  is  136.20  feet  per  minute. 

In  practice,  of  course,  the  velocities  due  are  not  attained,  nor,  at  least 
in  the  mote  complex  forms,  nearly  attained.  The  actual  velocities  are,  in 
some  cases,  not  more  than  a  half  or  even  a  ninth  of  the  velocities  due  to 
giavity. 

Quantiiy  of  Coal  Required  to  Heat  the  Pipes. — Mr.  Hood  gives  the  fol- 
lowing table,  No.  167,  showing  the  quantities  of  coal  consumed  in  heating 
roo  feet  of  pipe  for  various  differences  of  temperatures.  These  quantities 
are  based  on  the  results  of  experiments  by  Rumford  and  others  in  heating 
water  with  coal  as  fuel,  and  are  no  doubt  approximately  correct 


Table  Na  167.— Coal  Consumed  pbr  Hour  to  Heat  100  Feet 

OF  Pipe. 


iXametar 


For  given  differences  of  temperature  of  the  pipe  and  the  air. 


Diflemot  of  Temperature  of  the  Pii 
Fahienheic  *^ 


and  the  Air  in  the  Room  in 


Pipe. 

150 

»45 

140 

<35 

'30 

120 

"5 

no 

105 

'  100 

I 

95 

90 

85 

80 

♦         _  _ 

1  lbs. 

lbs. 

Ibt. 

Ibe. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

;  Ifae. 

lbs. 

■ 

lbs. 

lbs. 

lbs. 

4 

4.7 

4.5 

4.4 

4.2 

4  » 

3-9 

3-7 

3-6 

3-4 

3.2 

31 

2.9 

2.8 

2.6 

2.S 

3 

3.5 

3-4 

3-3 

31 

30 

2.9 

2.8 

2-7 

2.5 

2.4 

2-3 

2.2 

2. 1 

2.0 

1.8 

a 

2-3 

2.2 

2.2 

2.1 

2.0 

1.8 

1.8 

1-7 

1.6 

i-S 

1.4 

1-4 

«-3 

1.2 

f 

I.I 

I.I 

,1.1 

I.O 

|a9 

a9 

a9 

0.8 

0.8 

1 

1  0.7 

0.7 

0.7 

0.6 

0.6 

Boilcr-Pinvcr. — One  square  foot  of  boiler-surface  exposed  to  the  direct 
action  of  the  fire,  or  three  square  feet  of  flue-surface,  will  suftice,  with  good 
coal,  for  heating,  in  round  numbers,  50  feet  of  pipe.  Mr.  Hood  fixes  the 
proportion  ajt  40  ieet  <tf  four-inch  pipe  for  all  pmpoaes.  The  usual  rate  of 
combustion  of  coal  is  about  10  lb&  or  ix  lbs.  of  coal  per  square  foot  of 
firegrate,  and  at  this  rate,  ao  square  inches  of  grate  suffice  for  heating 
40  feet  of  fournnch  pipe. 
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Four  square  feet  of  boiler-surface  exposed  to  the  direct  action  of  a  good 
fire  are  capable  of  evaporating  one  cubic  foot  of  water  per  hour.  The  best 
form  of  boiler  for  heating  purposes  is  shown  in  Fig.  126  annexed.    It  is 


F%.  n6i— Boiler  tor  htt/dng  porpwa.  Fif .  tt7.->Boiler  for  heaiinf  puipoMS. 

generally  made  of  wrought-iron  plates  rivetted  together.  Another  good 
form  is  shown  in  Fig.  127. 

Frmch  Practice. — M.  Claudel  states  that  to  warm  a  factory  13  metres 
wide  by  3.25  metres  high  (43  feet  by  10.5  feet),  a  single  hne  of  hot-water 
pipe  6  inches  in  diameter  along  the  room  appears  to  be  sufficient,  the 
temperature  in  the  pipe  being  from  170*  to  180*^  F.  He  adds  that,  in  prac- 
tice, tiie  water  being  at  180^  F.,  and  the  air  at  60**  F.,  maJdng  a  difference  of 
130''  F.,  it  is  convenient  to  reckon  from  1.5  to  1.75  square  feet  of  water- 
heated  surface  as  equivalent  to  one  square  foot  of  steam-heated  surface,  and 
to  allow  from  8  to  9  square  feet  of  ho^water  pipe-surface  per  looo  cubic 
feet  of  room. 

M.  Grouvelle  affirms  that  four  square  feet  of  cast-iron  pipe-surHice, 
whether  heated  by  steam  or  by  water  at  80°  or  90°  C,  or  176*'  to  194'  F., 
will  warm  1000  cubic  feet  of  workshop,  maintaining  a  temperature  of  60**  F. 
Steam  is  condensed  at  the  rate  of  0.328  lb.  per  square  foot  per  hour. 

Perking  System, — ^This  system  consists  of  the  continuous  circulation  of 
water  through  endless  wrought-iron  tubes  of  ^-inch  bore  and  i  inch  out- 
side diameter,  proved  under  a  pressure  of  200  atmospheres.  The  tempera- 
ture of  the  water  at  the  upper  part  of  the  circuit,  varies  from  300°  to  400°  F., 
corresponding  to  pressures  of  from  4^<  to  15  atmospheres.  The  tubes 
become  red-hot  in  the  furnace.  The  length  of  tube  in  the  furnace  is  a 
sixth  of  the  total  length  of  the  circuit.  Twenty  feet  of  length  are  allowed 
for  heating  1000  cubic  feet  of  capacity.  Taking  the  mean  diameter  ^  inch, 
this  gives  four  square  feet  of  surface  per  1000  cubic  feet  Though  the 
heater  is  apparently  water-tight,  the  larger  sizes  are  subject  to  a  loss  of 
about  a  pint  of  water  in  eight  or  ten  days,  which  is  reston^i  by  means  of  a 
force-pump. 

M.  Gaudillot,  in  France,  manufactures  heaters  on  this  system  with  tubes 
of  from  T.20  to  1.60  incites  in  external  diameter.  They  support  a  pressure 
of  40  atmospheres  very  well. 

Heating  Rooms  by  Steam. 

To  find  the  length  of  pipe  required  *for1ieating  a  room  by  steam,  the 
temperature  of  the  steam,  which  varies  with  the  pressure,  and  may  be  found 
in  table  No.  128,  page  387,  is  to  be  employed  for  the  value  of  /  in  the 

formulas  ( i )  and  {  \  a),  page  482.  The  length  of  pipe  required  for  heating 
by  steam,  is  of  course  less  than  that  required  with  water,  as  the  temperature 
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is  much  higher.  Taking  a  standard  absolute  pressure  of  steam  of  20  lbs. 
per  square  inch,  the  temperature  is  228^;  and  if  the  room  is  to  be  heated 
to  60^,  the  difference  is  168**,  and  the  formula  (la),  page  482,  becomes 

/=vi_i:  (2) 

RuLB.^ — 7b  find  tite  length  of  four4nch  pipe  required  for  heating  the  air  in 
a  kiiidifig  hy  steam  of  20  lbs.  absolute  pressure  per  square  isuh.  Multiply 
the  volume  of  atr  in  cubic  feet  to  be  warmed  per  minute,  by  the  difference 
of  the  external  and  internal  ten^wnitures,  and  divide  the  product  by  336. 
The  quotient  is  the  length  of  pipe  in  feet 

Ncte, — ^For  three-inch  pipes  use  tiie  divisor  252 

For  two-inch  pipes       „   16S 

For  one-inch  pipes      „       „    84 

The  boiler  for  a  steam-headng  apparatus  should  be  capable  of  evapor- 
ating as  much  water  per  hour  as  die  pipes  would  condense  in  the  same 

time.  Mr.  Hood  recommends  that  six  square  feet  of  direct  sur&ce  of 
boiler  should  be  provided  to  evaporate  a  cubic  foot  per  hour.  Now,  adopt- 
ing the  mean  weight  of  steam  of  20  lbs.  absolute  pressure  condensed  per 
square  foot  of  pipe  per  degree  of  difference  of  tem])eraiure  per  hour, 
namely  .00235  ^  quantity  of  pipe-surface  that  would  form  a  cubic 
foot  of  condensed  water  per  hour,  taking  the  weight  of  this  volume  of 
water  at  62.4  lbs.,  would  be,  per    diflference  erf*  temperature, 

62.4  ~  .00235  =  26,550  square  feet 

For  a  difference  of  168**  the  required  sui&ce  would  be 

26,550  -r  168**=  158  square  feet,  say  160  square  feet. 

Four  square  feet  of  direct  boiler-surface,  or  its  equivalent  of  flue-surface, 
should,  therefore,  be  provided  for  every  160  square  feet  of  steam-pipe  con- 
taining steam  of  20  lbs.  absolute  pressure  per  square  inch,  and  maintaining 
a  tempemture  of  60^  F.  in  a  room. 

The  following  lengths  of  pipe  are  required  to  present  160  square  feet  of 
surfoce: — 

Loigth  for  Lengtii  for 

t  iquuv  loot.      160  M|iiara  feat. 


4-inch  pipe,     inch  thick,  10.2  inches,    136  feet 

3        »>         «  n   I3«*^     »  173  w 

*        »         n  tf   1^3      ft  244  „ 

I      ff      )i       ff   3^"^    »»        48^  ff 

French  praetke, — According  to  M.  Grouvdle,  one  square  metre  of  pipe- 
surface,  heated  by  steam,  sufficed  to  heat  and  maintain  at  15^  C,  or  say 
60**  F.,  a  room  with  ordinary  proportions  of  walls  and  windows,  such  as 
a  library  or  an  office,  of  from  66  to  70  cubic  metres  of  capacity,  or  a  work- 
shop of  from  90  to  TOO  cubic  metres.  If  the  workshop  is  to  be  maintained 
at  a  high  temperature,  a  square  metre  of  surface  is  allowed  for  70  cubic 
metres.    The  Exchange  at  Paris  is  suihciently  heated  by  one  square  metre 
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for  67  cubic  metres.  The  allowanoe  of  one  squaie  metre  fiir  70  cubic 
metres  is  equivalent  to  4.35  square  fieet  per  1000  caSoac  feet  of  capacity;  or 
to  5. 1 1  lineal  feet  of  four-inch  pipe  per  1000  feet 

For  heating  workshops,  8  metres  wide  by  3  metres  high,  having,'  260 

square  feet  of  section,  with  a  wndow-surface  one-sixth  of  the  total  surface, 
engineers  in  France  allow  an  iron  pipe  of  16  inches  in  circumference,  or 
5  inches  in  diameter,  passing  once  through  the  shop,  presenting  1.33  s(]unre 
feet  of  surface  per  foot  run,  or  5.2  square  feet  per  1000  cubic  feet,  tJie 
same  as  has  just  been  calculated. 

According  to  the  observations  of  M.  Pedet  on  steam-heating  apparatus, 
particularly  m  a  large  fectory,  for  a  maximum  difference  of  $6"  F.  between 
the  interior  and  eiEterior  temperatures,  it  was  necessary  to  reckon  on  a 
delivery  of  26  units  of  heat  per  hour  per  square  foot  of  wall  of  13  or  14 
inches  in  thickness,  and  30  units  of  heat  per  square  foot  of  glass. 


Heating  by  Ordinary  Open  Fires  and  Chimneys. 

M.  Claude!  says  that  the  quantity  of  heat  radiated  into  an  apartment  from 
a  fireplace  is  about  one^burui  of  the  total  heat  radiated  by  the  combustible. 
The  heat  radiated  into  an  apartment  from  wood  when  burned  amounts 
to  only  6  or  7  per  cent,  of  tiie  total  heat  of  combustion.    For  coal  and  for 

coke,  the  heat  thus  utilized  amounts  to  about  13  per  cent. 

In  burning;  wood,  ordinary  chimneys  draw  about  lOoo  cuImc  feet  of  air 
per  pound  of  fuel:  and  better  constructed  chimneys  about  1000  cubic  feet 
A  sectional  area  of  from  50  to  60  square  inches  is  suthcient  for  the  chim- 
neys of  ordinary  apartments.  For  apartments  designed  to  hold  a  great 
number  of  persons,  a  section  of  400  square  inches,  say  32  by  13  inches,  is 
usually  employed. 

From  experiment  it  appears  that  the  proportions  of  fuel  required  to 

heat  an  apartment  are  as  100  for  ordinary  fire-places,  63  for  metal  StOVCS, 
and  irom  13  to  16  for  apparatus  similar  to  stoves,  with  open  fires. 


Heating  by  Hot  Air  and  Stoves. 


Sylvester's  cockle-stove  is  constructed  of  wiought-nxm,  }(  indi  thidc, 

formed  with  an  arch  and  two  sides,  dosed  at  the 
ends,  through  one  of  which  the  fumace-raouth  is 
made.  The  furnace  is  formed  of  firc-brirk  within 
the  case,  and  the  products  of  combustion  are 
drawn  off  by  Hues  below  the  furnace.  The  case 
is  inclosed  in  fire-brick,  with  about  5  inches  clear 
space  for  the  circulation  of  the  air  to  be  heated. 
The  air  is  introduced  through  the  brickwork  at 
the  lower  jiart  of  the  sides,  through  numerous  iron 
tubes,  which  are  laid  to  within  an  inch  clear  of  the 
sides  of  the  rase,  and  cause  the  fresh  air  to 
impinge  upon  tlie  heated  surface.    I'he  air  thus 

Rl.,.a-S,lmt«'.Cockle.-«vc>»'0"f'^^      P''^^'^^'^         the  entire  surface  of  the 

cockle  mto  the  upper  part  ot  the  envelope,  whence 
it  is  led  away  through  any  rec^uired  number  of  pipes  to  the  different  rooms 
to  be  wanned.    The  ends  of  these  exit  pipes  are  placed  within  an  inck 
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above  the  top  of  the  case.  One  of  these  cockle-stoves  is  illustrated  by 
Fig.  12S;  die  wrought-iron  case  is  5  feet  squre  by  5  feet  There  are 

mm  150  to  200  air  pipes  a  inches  m  diameter,  or  2  indies  square,  at  the 
sides.  The  grate  contains  about  5  sqms  feet  of  area,  and  the  flues  at  the 
bottom  are  9  by  6  inches. 

From  the  results  of  Mr.  Sylvester's  experiments  with  a  smaller  coclcle- 
stove,  it  was  found  that  with  a  consumption  of  5  lbs.  of  coal  per  hour,  and  a 
heating  surface  of  17  square  feet,  the  temperature  of  344,600  cubic  feet  of 
air  was  raised  56°  ¥.  in  twelve  hours,  with  60  lbs.  of  coal;  being  equivalent 
to  the  heating  of  95,000  cuhic  feet  of  air  F.  per  square  foot  of  surface 
per  hour;  or  to  the  heating  of  32 1,626  cubic  feet  of  air  x*"  F.  by  one  pound 
of  coaL  It  thus  appears  that  each  square  foot  of  cockle-surfece  is  equal 
to  7  square  feet  of  hot-water  pipe. 

French  Practice. — From  results  obtained  by  M.  Pedet,  it  is  ascertained 
that  when  the  flue-pipes  of  stoves,  conveying  hot  products  of  combustion, 

heat  directly  the  air  of  a  room,  the  quantities  of  heat  passed  off  per  square 
foot  per  hour  for  1°  F.  difference  of  temperature,  vary  according  to  the 
material  of  the  pipe  as  follows: — 


It  may  be  noted  that  the  great  difference  here  observable  between  cast 
and  wrought  iron  in  passing  heat  from  a  flue  to  the  outer  air,  does  not  exist 
when  the  pipe  is  occupied  by  steam  or  hot  water.  If  an  excess  of  temper- 
ature equal  to  800°  F.  be  assumed,  as  bet^veen  the  inside  and  outside  of 
the  pipe,  the  quantities  of  heat  given  off  per  square  foot  per  hour  would  be, 


Yet,  in  practice,  the  same  suriace  is  allowed  for  cast  and  for  sheet  iron; 
at  the  rate  of  one  square  foot  for  328  cubic  feet  of  space  to  be  heated. 

The  diameters  of  stove-pipes  vary  from  4  to  8  inches. 

The  air  thus  heated  receives  a  degree  of  humidity  from  a  vase  full  of 

water  placed  on  the  stove.  The  water  so  dissipated  amounts  to  a  little 
more  than  2^  pints  per  day  for  a  room  of  firom  2500  to  3000  cubic  feet  of 

capacity. 

House-stcrjcs  placed  i?i  ihc  Room  to  be  Warmed. — M.  Claudel  says  that 
inside  stoves  are  employed  in  schools  and  hospital-wards;  they  consist  of 
an  upright  column,  square  or  cylindrical,  from  5  to  7  feet  high,  inclos- 
ing the  furnace;  surmounted  by  a  pipe  whidi  rises  vertically,  and  is  tiien 
carried  nearly  boriaontally  durough  the  apartment  to  a  chimney.  The 
column  is  inclosed  in  an  outer  casing  of  sheet  iron  or  brickwork,  with  an 
interspace  into  which  the  external  air  is  admitted,  and  from  the  upper  part 
of  which  the  air  passes  into  the  room.  The  temperature  of  the  furnace 
does  not  exceed  from  1100°  to  1300^  F.  In  ])ractice,  it  is  found  conven- 
ient to  assume  that  the  products  of  combustion  leave  the  stove  at  a  temper- 
ature of  about  950°  F.,  or  500^  C,  that  they  are  completely  cooled  in  their 
course,  that  the  tcn^enture  of  the  mm  is  60*  F^  aiid  that  the  quantity  of 


Cast-iron,  

Sheet-iron,  

Terra-cotta,  a4  inch  thick,. 


3.65  units  of  heat 


For  cast-iron,... 
For  sheet-iron,. 
For  terxa-cotta,, 


3.65  X  450  s  1642  units  of  heat. 

1.45^450=  »  »» 
1.42x450=  639  „  „ 
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heat  emitted  is  the  same  as  if  the  pipe  had  an  amage  tmnpentme  of 
480**  F.»  or  a5o*  C.  A  heating  stu&ce  of  from  so  to  30  square  feet  is 
allowed  per  pound  of  coal  burned  per  hour,  not  reckoning  the  suifeoe  of 
the  stove.   Laige  grates  are  preferred,  with  sk»w  combustion. 

It0us§4ikfoes  piaad  OutsOi  ike  Mom  to  be  Heated, — The  useful  eflRect  of 
these  stoves  may  be  taken  at  from  60  to  70  per  cent  of  the  heating 
power  of  the  fuel  The  sux&ce  of  grate  should  be  15  square  inches  per 
pound  of  coal  consumed  per  hour.  The  heating  surface  is  two  square 
metres  per  kilogramme  of  coal,  or  per  two  kilogrammes  of  wood :  equivalent 
to  10  square  feet  per  pound  of  coal  per  hour.  From  2^  to  3^  pints 
of  water  are  consumed  per  1000  cubic  metres;  or  1  pint  for  from  1000  to 
1400  cubic  feet  of  space. 

The  spent  air  of  the  room  is  passed  off  into  a  chimney. 


HEATING  OF  WATER  BY  STEAM  IN  DIRECT  CONTACT. 

The  heating  of  water  by  steam,  when  the  elements  are  brought  into 

direct  contact,  is  practically  instantaneous.   The  author  made  experiments 

on  this  subject  by  admitting  steam  at  90  lbs.  effective  pressure  from  a 
locomotive-boiler  into  a  body  of  cold  water  contained  in  a  cylindrical 
reservoir,  3  feet  6  inches  in  diameter,  and  15  feet  long,  made  of  |_'-inch 
iron  plate,  having  a  total  capacity  of  1 44  cubic  feet.  The  steam  was  con- 
veyed from  the  boiler  to  the  reservoir  by  a  i-inch  pipe,  from  which  it  was 
frady  discharged  into  a  a-inch  iron  pipe,  open  at  the  extremity,  laid  in  the 
water  along  me  bottom  of  the  reservoir.  The  reservoir  lay  horizontally, 
without  any  covering,  in  a  factory.  Fifty-five  and  a  half  cubic  feet,  or  3464 
lbs.  of  cold  water  at  60®,  were  dehvered  into  the  reservoir,  and  the  water 
was  heated  by  the  steam  blown  into  it  to  a  pressure  of  85  lbs.  effective 
per  square  inch,  in  two  hours,  with  a  temperature  of  328'  or  through 
328  -  60  -  268°  F.  The  (juantity  of  heat  communicated  in  two  hours  was, 
therefore,  3464  x  268  -  928,352  units,  at  the  rate  of  464,176  units  per  hour. 
Taking  the  initial  temperature  of  the  steam  of  the  boiler,  331"  F.,  and  the 

mean  temperature  of  the  heated  water  3^^"*"^ -  194'*;  the  mean  difference 

3 

of  temperature  was  331  - 194=  137%  and  the  quantity  of  heat  communi- 
cated per  r*  F.  of  difference  per  hour  was, 

1^111^  =  3388  units  of  heat 
137 

To  communicate  the  whole  of  this  quanti^  of  heat  through  the  sur&ce  of 
a  pipe  at  the  rate  of  300  units  per  foot  per  t*  F.  per  hour,  there  would 
have  been  required  3388  ^  300    1 1.3  square  feet  of  sur&ce.  It  is  piobaUe, 

as  a  matter  of  fact,  that,  though  the  2-inch  pipe  was  open  to  the  water  at 
the  end,  the  most  of  the  steam  was  condensed  within  the  pipe  before  it 
could  reach  the  end.  The  surface  of  the  pipe  had  about  8  square  feet  of 
area. 

There  was,  of  course,  a  loss  of  heat  by  radiation  from  tlie  surface  of  the 
reservoir;  but  it  is  not  maleiial  to  the  purpose  of  this  notice. 
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EVAPORATION  (SPONTANEOUS)  IN  OPEN  AIR. 

So-called  "  spontaneous  "  evaporation  from  water  exposed  to  air  proceeds 
at  all  temperatures,  when  the  conditim  are  suitable.  The  total  rate  of 
evaporation  is  in  proportion  to  the  extent  of  the  surface  exposed  to  the  air. 
An  increase  of  the  temperature  of  the  liquid  is  attended  by  an  increase  of 
the  rate  of  evaporation,  though  not  in  direct  proportion.  The  rate  of  evapora- 
tion is  greater  when  the  air  is  in  motion  over  the  surface  of  the  water  than 
when  it  is  at  rest.  The  rate  of  evaporation  is  also  greater  in  proportion  as 
the  air  is  dryer,  or  the  less  the  moisture  previously  existing  in  the  aur;  and 
on  the  contrary,  when  the  air  is  saturated  with  moisture,  the  evaporation 
is  reduced  to  nothing. 

When  the  atmosphere  is  perfectly  dry,  the  rapidity  of  evaporation  is 
proportional  to  the  pressure  of  the  vapour  due  to  the  temperature  of  the 
water,  for  which  reference  may  be  made  to  tables  No.  127,  page  386,  and 
No.  130,  page  396.  This  law  was  discovered  by  Dr.  Dalton,  who  gives 
the  following  illustration 

At  the  temperatures  912%  i8o%  164%  152%  144%  I38^ 
The  pressures  are     30,    15,    10,    7^,    6,      5  inches  of  mercury; 
And  the  weights  of  water  evaporated  at  diese  temperatures  are  proportional 
to  30,    15,    10,    7>i,   6,  5. 

But  the  atmosphere  impedes  the  diffusion,  and,  consequently,  the  genera- 
tion of  vapour;  although,  ultimately,  the  full  charge  of  saturated  vapour 
due  to  the  temperature  is  absorbed  by  it.  When  vapour  is  present  in  the 
air,  which  it  usually  is  to  a  greater  or  less  degree,  the  pressure  of  this 
vapour  is  to  be  deducted  from  that  of  the  vapour  due  to  the  temperature 
of  the  water;  and  the  residual  force  is  the  acdve  "evaporating  force.'* 
Dr.  Dalton  found  that  with  the  same  evaporating  force,  thus  determined, 
the  same  rapidity  of  evaporation  is  maintained,  whatever  be  the  temperar 
ture  of  the  air. 

But  when  a  current  of  air  blows  over  the  surface  of  the  water,  the  rapidity 
of  evaporation  is  greater  than  when  the  air  is  still,  because  the  air  in  motion 
sweeps  awa^  the  vapour  as  it  rises,  and  a  continuous  sui)ply  of  compara- 
tively dry  air  is  seciued.  With  the  same  evaporating  force,  a  strong  wind 
will  double  the  production  of  vapour,  compared  with  the  quantity  produced 
m  a  still  atmosphere. 

Dr.  Dalton's  experiments  were  made  with  an  evaporating  surface  of 
6  inches  in  diameter,  in  still  air  and  in  wind,  and  he  gives  a  table  of  the 
rates  of  evaporation  in  grains  per  minute,  for  temperatures  up  to  85^  ¥.,  on 
the  assumption  that  the  air  is  perfectly  dry. ^  The  following  table,  No.  168, 
in  calculated  to  show  the  rate  of  evaporation,  in  pounds  per  square  foot  per 
hour,  extended  up  to  ais^  F.,  and  for  three  states  of  the  air:->Hvhen  still, 
when  there  b  a  gentle  wind,  and  when  there  is  a  brisk  wind.  The  pressures 
are  given  in  inches  of  mercury,  and  are  those  adopted  by  Dr.  Dalton,  which, 
for  the  purpose  of  the  table,  do  not  materially  vaiy  nom  tibose  given  in 
table  No.  127. 

Mmmn  0/  the  LiUrary  and  Philosophkal  Society  of  Manchester^  vol  v.  p.  579. 
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Table  No.  i68. — "Spontaneous"  Evaporation  of  Water  in  Still 
Air  and  in  Wind,  Assuming  the  Air  to  be  Perfectly  Dry, 

FOR  TBMPERATtnUES  FROM  32**  TO  3X3''  F. 

(Foanded  on  Dr.  Dftkoa's  tables.) 


pcraturc 

Pressure 
vapour. 

Watar  evaporated  per  square 
toon  of  Mirface  per  hour. 

Tem- 
P'jr.iturc 
of  the 
water. 

PRSMWe 

oftbe 
vapour. 

i  Water  evaporated  per  square 
foot  of  surface  per  hour. 

1  Air  still. 

Gentle 
wind. 

Bosk 
wind. 

1  Air  still.  1 

Geatta 

wind. 

Brkk 
wind. 

Fahr. 



'  lbs. 

lbs. 

lbs. 

Fahr. 

'  lbs. 

Ibv 

lbs. 

mercury. 

mcrcur>'. 

.200 

•  0'?4Q 

.0448 

.0S50 

•J  ^ 

125 

3-79 

1  .6610 

•  8404 

1.04^ 

35 

.221 

.0^86 

.040s 

.0608 

130 

4-34 

i  .7s8o 

.0727 

1. 1 94 

40 

.263 

.0459 

.0589 

•0723 

13:) 

5.00  } 

1  .8730 

1. 121 

1376 

45 

•0552 

.0708 

.0869 

T  4 
I  i^\J 

5'74 

1.003 

1.286 

1-579 

50 

•375  , 

•0655 

.0841 

.1032 

145 

0-53 

1. 140 

1.463 

1.796 

55 

.443 

.0774 

.1218 

150 

7.42  i 

i.2q6 

1. 66-1 

2.04^ 

00 

•524  1 

.oqi  7 

.1441 

155 

2 

1.407 

1.882 

2.310 

DZ 

.^00  1 

.0979 

•1255 

.1540 

T 

I  00 

9.40 

1.652 

2.120 

3.602 

05 

•  U 

.1070 

.1381 

.1094 

1.005 

2.394 

2.938 

70 

.721 

.1257 

.1616 

.1983 

I/O 

12.13 

3.1 18 

2.719 

3.336 

8m 

.i486 

.1907 

•2341 

I  1  62 

2-378 

3-053 

3- 746 

80 

1. 000 

.1746 

.2241 

•2751 

180 

15-^5 

2.646 

13-395 

4.167 

85 

1.17 

.2043 

.2622 

.3218 

185 

17.00 

2.969 

3,810 

4.676 

90 

1.36 

•2375 

.3048 

•3745 

190 

19.00 

3.318 

4.258 

5.226 

95 

1.58 

.2760 

'3541 

.4346 

21.32 

3.706 

4.758 

5.837 

100 

1.86 

.3248 

.4169 

.5116 

200 

23.64 

4.128 

5.298 

6.502 

105 

2.18 

.3807 

.4886 

.5996 

205 

36.13 

4.563 

5.856 

7.187 

no 

2.53 

.4418 

•5670 

•6959 

210 

38.84 

5.034 

6.464 

7-933 

"5 

2.92 

.5  100 

•6544 

.8030 

2  12 

30.00 

5-239 

6.724 

8.253 

120 

3-33 

•5815 

.7463 

.9160 

It  appeals  from  the  table  that  the  rates  of  evapoiation,  for  each  of  the 

three  conditions  of  the  air,  when  perlcctly  dry,  are  in  simple  proportion  to 
the  ]>ressure  of  the  steam;  and,  as  affected  by  the  stillness  01  the  motion  of 
the  air,  they  are — 

for  still  air,         a  gentle  wind,         a  brisk  wind, 
as        I,  1.38,  1.57. 

It  is  to  be  understood  that  the  temperature  3 13^  is  a  limiting  tempera- 
ture, which  cannot  be  actually  reached  vrithout  displacing  the  air  entirely. 

It  is  also  to  be  remarked  that,  though  Dr.  Dalton  lays  down  the  proposi* 
tion  that  the  rapidity  of  die  evaporation  is  the  same,  whatever  may  be  the 

temperature  of  the  nir.  \ci  it  is  clear  that  water  is  evaporated  more  rapidly 

when  a  warm  ciirrciu  blow.s  over  it  than  when  it  is  traversed  hy  a  cold 
current.  Such  increase  of  evaporation  is  probably  the  result  of  the  retlex 
action  of  heat  imparted  by  tiie  air  to  the  superficial  water,  the  evaporative 
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force"  of  which  is  increased  by  the  rise  of  temperature  due  to  the  heal 
abstracted  from  the  air.  The  cooling  of  air  by  passing  it  over  or  through 
waiter  is  a  weU4mo¥m  expedient  In  India,  the  air  of  apartments  is  cooled 
by  passing  it,  as  it  enters,  through  and  over  the  "  tatta,"  a  bamboo  fiame  or 

trellis,  over  which  water  is  suffered  to  trickle. 

From  what  has  been  stated,  with  respect  to  "  mixtures  of  gases  and 
vapours,"  page  392,  it  appears  tliat  the  condition  of  '*  saturation,"  attributed 
to  the  mixture  of  vapour  and  air,  properly  belongs  to  the  vapour  itself,  as 
vapour,  when  it  has  arrived  at  its  maximum  density  and  piesBure  ibr  the 
tempenitnre  of  the  air. 

Use  of  Uu  Table  No.  168, — Dr.  Dal  ton  gives  the  solution  of  the  problems 
based  upon  the  original  tables,  of  which  the  first  is  here  lendared  into  a 
rule  in  relation  with  the  table  No.  168. 

Rule.  To  find  the  quantity  of  water  exposed  to  air  that  would  be  ei  aporaied 
per  square  foot  of  surface  per  himr^  ai  a  given  temperaiure  of  air^  wUh  a  gjttfen 
dewpmni,  Subdract  the  tabulated  weight  of  water  coixesponding  to  the 
dew-pomt  from  the  weight  conespondmg  to  the  temperature  of  the  air;  the* 
remainder  is  the  weight  of  water  that  would  be  evaporated  per  square  foot 
of  surface  per  hour. 

The  weights  of  water  are  to  be  selected  from  the  3d,  4th,  or  5th  columns, 
accordinf;  to  the  slate  of  the  wind. 

To  find  die  dew-point,  Dr.  Dalton  used  a  very  tlim  glass  vessel,  into 
whidi  he  poured  cold  water,  of  which  he  noted  the  temperature.  If  the 
vapour  in  die  atmosphere  was  instantly  condensed  on  the  glass,  he  changed 
the  water  for  warmer  water,  and  so  proceeded  until  he  ascertained  the 
proper  temperature — ^the  dew-point — when  he  could  just  perceive  a  slight 
dew  deposited  on  the  glass.  The  dew-point  may  be  found  with  much 
greater  precision  by  means  of  hygrometers,  described  at  page  393. 

Dr.  Pole  has  constructed  an  empirical  formula  which  roughly  re]iresents 
the  results  of  Dr.  Dalton's  experiments.  Let  T  -  die  temperature  of  the 
atmosphere  in  degrees  Fahr.,  /s^  the  dew-point,  V  =  the  velocity  of  the  wind 
in  miles  per  hour,  E^the  rate  of  evaporation  in  Inches  per  day  fixm  a 
wdkter  sttrmce,  and  Asa  numerical  coeflkient  Then, 

E=    7*-'V,  -   <3) 

A (100  -  V) 

The  value  of  A  =  80  for  high  or  summer  temperatures,  and  A^  100  for 

low  or  ^^^nter  temperatures.  Dr.  Pole  remark-^  that  DaUon's  tables  do  not 
provide  for  cases  where  the  temperature  of  the  water  differs  materiall)-  from 
that  of  the  air :  and  that,  probably,  in  such  cases,  T  should  be  made  to 
represent  the  temperature  of  the  water-surface,  and  not  that  of  the  air.' 


DESICCATION. 

The  drying  of  wet  or  moist  materials,  by  means  of  currents  of  air,  is 
based  on  the  principles  already  announced  which  regulate  the  evaporation 
of  water  fifom  the  aur&ce.   If  a  cunent  of  air  be  satuta^  widi  moistuve 

>  jUtete  0fJPmmlings  of  ike  ImUiiiiiam  9f  GkU  Biq^um^  yoO.  xsocix.  page  36. 
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or  vapour,  its  effidency  for  drying  out  moisture  from  bodies  with  which  it 

comes  in  contact,  is  exactly  nothing.  To  act  as  a  dryer,  in  other  words,  to 
assist  in  evaporating  and  carrying  off  moisture,  it  must  be  either  perfectly  dry, 
or,  at  the  least,  sub-saturated ;  and  inasmuch  as  its  capacity,  in  the  conven- 
tional language  already  explained,  for  absorbmg  moisture — in  the  state  of 
vapour,  of  course — increases  with  its  temperature,  it  is  obvious  that  the 
hi^er  the  temperature  of  the  air,  the  greater  is  its  efficiem^.  If,  dien,  the 
air-canrent  be  surchaiged  with  heat,  it  stimulates  evaporation  in  two  forms 
^by  imparting  a  portion  of  its  heat  to  the  wet  or  moist  surface,  ffdiich  is 
utilized  in  the  evaporation  of  the  moisture,  and  by  tolerating  the  presence 
of  a  greater  quantity  of  moisture  in  mixture  with  it,  which  is  carried  away 
as  it  rises  from  the  surface  by  the  current. 

The  drying,  or  vajjorization  of  moisture,  by  such  means,  involves,  of 
course,  a  lowering  of  the  temperature  of  the  air,  or  the  moist  body,  or 
both;  and  the  proUem  arises:  What  is  the  initial  temperature  of  diy  air 
required? 

The  first  problem  for  solution  is  twofold: — Given  the  final  temper- 
ature at  which  the  saturated  mixture  is  to  be  discharged,  what  is  the 
quantity  of  dry  air  required  for  a  given  weight  of  vapour  in  saturated  mix- 
ture? and  to  what  initial  temperature  is  the  air  reciuired  to  be  raised  in 
order  to  su|)ply  heat  for  the  evaporation  of  the  given  weight  of  steam? 
The  answer  is  to  be  found  in  the  sub-section  on  the  "  Properties  of  Satur- 
ated Mixtures  of  Air  and  Aqueous  Vapoiur,"  with  table  No.  130,  page  394. 

But,  in  ordinary  practice,  the  artificially  heated  air-current  does  not 
arrive  at  the  condition  of  saturation  before  it  is  discharged;  and  a  large 
surplus  of  air  is  therefore  to  be  provided,  the  proportional  amount  of  which 
vanes  with  the  circumstances  under  which  the  current  is  applied.  The 
standard  of  perfect  efficiency  is  presented  in  the  table  No.  130.  M.  Peclet 
notices  a  process  enii)loyed  by  M.  Montgolfier  for  dr)ing  the  skins  of 
grapes  after  having  been  pressed,  by  means  of  a  forced  current  of  air.  It 
was  found  that,  in  autumn,  5340  cubic  feet  of  air,  moving  at  a  velocity  of 
about  16  feet  per  second,  were  required  for  die  evaporation  of  one  pound 
of  water  from  the  pressed  grapes.  Let  the  initial  temperature  of  the  air  be 
assumed  at  64''  F.,  then,  by  the  table  No.  130,  a  volume  of  dry  air  equal 
to  3526  cubic  feet  would  have  sufficed  to  evaporate  one  pound  of  water; 
but  if,  as  is  probable,  the  air  had  already  been  loaded  with  half  the  quantity 
of  moisture  it  could  carry,  then  at  least  double  the  tabular  quantity  would 
have  been  necessary,  or  2526  x  2  =  5052  cubic  feet,  which  is  nearly  equal  to 
the  quantity  actually  employed. 

In  the  design  of  a  drying-chamber,  it  is  of  the  first  importance  that  the 
air-cunent  should  be  admitted  at  the  highest  point  of  the  chamber  and 
discharged  at  the  level  of  the  floor.  The  revene  process,  of  admitting  it  at 
or  near  the  floor,  and  dischaiging  it  at  the  upper  part,  is  vicious  practice. 
In  the  latter  case  the  circulation  is  imperfect,  for  the  hot  air  seeks  the 
most  direct  route  to  the  points  of  egress;  in  the  former  case  the  hot  air 
is  uniformly  distributed,  and  if  the  points  of  discharge  are  proper!)  placed, 
the  descending  current  is  applied  equally  over  the  area  of  the  chamber. 
In  a  drying-chamber,  noticed  by  M.  Peclet,  for  drying  vermicelli,  at  Saint 
Ouen,  having  a  capacity  of  uDwuds  of  6000  cubic  feet,  and  heated  by  air 
of  fi'om  86^  to  104*"  F.,  the  following  were  the  results  of  heating  by  ascend- 
ing and  by  dcsceiuling  cunents: — 
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DncBAMMi  tm  Cmimrr.  VsnncsLLi  Produced. 

First  Quality.  Second  Quality.  Fermented. 

Above(mean  of  5  trials)   540  lbs.    400  lbs   4.5  lbs. 

Below     „         „    3,200  „    143  »    S6.0  „ 

These  results  prove  decisively  the  superiority  of  the  descending  current 
The  consumption  of  fuel  with  the  descenduig  current  was  also  much 

the  less. 

Drying-house  for  Calico  (^Qf^^i), — In  a  drying-house  used  by  M.  Rene  Duvoir, 
the  pieces  of  calico  were  suspended  from  bars  ranged  horizontally  across  the 
upper  part  of  the  house.  Air  heated  to  350*^  F.  was  admitted  through  a 
number  of  openings  fipom  a  brick  flue  at  the  floor,  regulated  by  dampers, 
from  which  it  rose  to  the  upper  part,  and  thence  descended  to  the  floor, 
where  it  was  discharged.  The  external  temperature  was  77°  F.,  and  the 
temperature  of  the  discharged  current  in  the  chimney  was  100°  F.  In  six 
hours,  150  pieces  of  calico,  holding  2490  lbs.  of  water,  were  dried,  with  a 
consumption  of  706  lbs.  of  coal,  corresponding  to  an  evaporation  of 
3.52  lbs.  of  water  per  pound  of  coal.  The  quantity  of  air  heated  to 
350**  F.,  for  this  du^,  was  1,943,000  cubic  feet,  the  weight  of  which,  at 
the  rate  of  13.52  cubic  feet  to  the  pound  (by  Rule  9,  page  350),  was 
1431713  Then  143713  x  .2377  =  34160  units  of  heat  for  i*  F.  devac 
tion  of  temperature,  and  for  350  -  77  =  173°,  the  total  elevation  of  temper- 
ature, the  total  heat  consumed  was  34160  x  1 73' 59909,250  units,  being 
at  the  rate  of 

5»909>25.g   g^yo  uuitg      pound  of  coal 

706 

The  water  evaporated  per  pound  of  coal  was  3.52  lbs.,  for  which  1067 
units  of  heat,  reckoned  from  77*^  F.,  were  absorbed  per  pound  of  water; 
and  for  3.52  lbs., 

1067  X  3.52  =  3756  units  of  heat, 

was  the  quantity  of  heat  utilized  for  evaporation  per  pound  of  coal,  being 

45  per  cent,  of  the  total  heat  communicated  to  the  air. 

The  temperature  at  which  the  air  was  dischazged  being  100°,  it  was  23'' 

above  the  external  temperature,  or  the  loss  by  the  excess  was  ^  x  loo^  15 

173 

per  cent,  of  the  whole  heat  communicated  to  the  air. 

The  distribution  of  the  heat  communicated  to  the  air  was,  therefore, 
ai^noximately  as  follows: — 

In  evaporating  moisture,   45  per  cent 

Carried  off  by  the  air,   13  „ 

Loss  by  radiation  and  conduction,   43  „ 

100 

It  is  easy  to  show  that  the  air  when  discharged  was  not  nearly  saturated. 
At  100**  F.,  the  temperature  of  discharge,  the  proportions  of  moisture  and 
atr  in  one  pound  of  a  saturated  mixture,  by  table  No.  130,  are  as  .283  to 
6.641,  or  as  I  to  33.5.  In  i43»7i3  lbs.  of  air,  therefore,  when  in  a  state  of 
saturation,  there  would  have  been 

143,713  -i-  23.5  =  6,1 15  pounds  of  moisture. 
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But  there  was  only  2490  lbs.  of  moisture  in  the  aar,  or  aiboat  two-fifths 

of  the  proportion  for  saturation. 
The  single  good  feature  in  this  drying-house,  is  the  eictraction  of  the 

spent  current  at  the  level  of  the  floor.  So  provision  \v^s  made  to  effect 
the  distribution  of  the  heat  uniformly  through  die  room ;  and  there  can  be 
no  doubt  that  the  condition  of  sub-saturation  of  the  aur  was,  ibr  the  most 
part,  the  result  of  the  absence  of  such  provision. 

Drying  Linm. — The  maximum  evaponitive  performance  of  coal  in  dr\'ing 
linen,  does  not  exceed  an  evaix>ration  of  3  lbs.  of  water  per  pound  of  fuel; 
and  it  is  sometimes  as  low  as  1.36  lbs. 

Drying  Various  Stuffs. — ^According  to  M.  Rouget  de  Lisle,  in  one  pound 
of  wet  doth,  after  having  been  wrung  or  pressed,  or  passed  dirough  the 
hydro-extractor,  there  remained  the  respective  quantities  of  water  as 
follows : — 

Water  Left  in  One  Pound  of 
Ffanod.        Cttlioa  SiHt.  Ltnea. 

When  twisted,  2.00  lbs.  1.0  lb.  .95  lb.  .75  lb. 

When  pressed,  i.oo         .6  .5  ^40 

When  passed  through  the  )  * 

hydro-extractor,  f                35  3  .25 

In  these  instances,  the  centrifugal  machine  was  26  inches  in  diameter, 
and  made  from  500  to  600  turns  per  minute. 

M.  Penot  made  experiments  on  drying-houses  at  Mulhouse,  and  found 
that  one  pound  of  coal  evaporated  from  i.oa  to  3.86  lbs.  of  water:  the 
latter  under  favourable  circumstances. 

According  to  M.  Rover,  in  a  drying-house  31)^2  ft^et  long,  26  feet  wide, 
and  62^2  feet  high,  tlie  healuig  surface  of  the  stove  amounted  to  758 
square  feet,  with  a  consumption  of  55  lbs.  of  coal  per  hour.  There  were 
during  these  trials,  lasting  fifteen  days  each,  evq)orated  successively  2.37, 
2.53,  and  2.18  lbs.  of  water  per  pound  of  coal. 

Mr.  J.  R.  Napier,  in  drying  stufts  by  air  heated  to  240°  F.,  with  a 
descending  draft,  evaporated  3  lbs.  of  water  ])er  pound  of  coal. 

Drying  Stuffs  by  Contact  with  Heated  Mdallic  Surfaces. — M.  Clement 
applied  a  piece  of  calico,  weighing  2)^2  ll>s.,  holding  an  equal  weight 
of  water,  to  a  plate  of  copper  of  the  same  extent,  heated  by  steam  at 
212°  F. ;  and  it  was  dried  in  one  minute.  The  evaporation  was  effected  at 
the  rate  of  1.42  lbs.  of  water  per  s(|uare  foot  per  hour. 

When  stuffs  are  dried  by  passing  them  over  cast-iion  cyKnden,  healed 
by  steam  internally,  it  appears  from  experiments  made  by  M.  Royer,  that 
in  drying  calico  which  held  its  weight  of  water,  74  lbs.  of  water  were 
evaporated  by  the  condensation  of  102  lbs.  of  steam.  In  other  experiments 
made  with  a  machine  of  six  cylinders,  the  efficienn^  in  dr^nn^r  was  only 
two-thirds  of  that  attained  in  the  first-described  experiment.  The  e3q>eri- 
ments  were  made  in  winter  in  a  place  which  was  imperfectly  closed. 

Drying  Grain. — It  is  reported  in  the  Engineer,  that  Messrs.  Crighton 
&  Co.,  Abo,  dried  450  lbs.  of  grain,  extracting  15  per  cent,  of  its  weight, 
or  67J4  lbs.  of  water,  by  the  consumption  of  18  lbs.  of  birchwood,  being 
at  the  rate  of  3.75  lbs.  of  water  per  pound  of  wood. 

Drying  Wood. — In  the  forges  of  Lippitzbach,  Carinthia,  according  to 
M.  Leplay,  wood  is  piled  and  dried  In  dose  chamben  by  burning  a  part  of 
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the  wood,  avenging  a  fourth  of  the  total  quantity.   The  fiiroaces  are  below 

the  floor,  between  which  and  the  furnaces  a  space  is  provided  for  the 

circulation  of  the  products  of  combustion  under  the  floor.  Air  in  consider- 
able quantity  is  admitted  to  and  mixed  NA-ith  the  products  of  combustion  to 
moderate  their  temperature  to  350°  F.;  when  the  current  passes  into  the 
upper  chamber  amongst  the  wood  to  be  dried.  On  this  system,  there  is 
considerable  loss  of  heat  by  radiation  and  by  the  excessive  dilution  of  the 
products  of  combustioii  with  aur. 

At  the  Neubeig  factory,  the  products  of  oombustion  diculate  in  a  species 
of  stove  constructed  of  thin  masonry,  and  pass  thence  through  cast-iron 
pipes  by  whicli  the  air  is  heated  for  drying  the  \\  ood.  On  this  systtm  the 
wood  consumed  does  not  exceed  an  eighth  of  the  total  quantity. 

The  hmit  of  temperature  at  which  wood  should  be  dried  ought  not 
to  exceed  340'  or  350''  F,  M.  Leplay  states  that  the  wood  to  be  dried 
contains  40  per  ceuu  ol  water;  whence  it  appears  that  one  pound  of  the 
finesh  wood  eva{X>rates  1.20  lb&  of  water  in  die  first  of  the  above-described 
processes;  and  in  the  second  process,  2.80  lb&  of  water. 

In  a  system  of  drying-furnace  recently  adopted  in  France  for  wood,  peat, 
&c..  a  chamber  62  feet  long  and  14  feet  wide  is  employed.  The  f^od, 
in  l)illeLs,  is  loaded  into  waggons,  having  a  capacity  of  about  100  cubic 
feet  each,  on  rails.  Each  waggon-load  successively  is  introduced  at  one 
end  and  withdrawn  at  the  other,  whilst  the  mixture  of  hot  gases  and  air  is 
introduced  at  the  other  end,  and  passes  to  the  end  at  which  the  waggons 
are  introduced.  A  temperature  of  270°  F.  is  maintained  at  the  middle 
of  the  chamber.  The  maximum  temperature  is  320^  F.  The  wood 
remains  sixty-four  hours  in  the  chamber,  and  the  usual  quantity  of  moisture 
it  contains,  from  20  to  25  per  cent,  is  evaporated  by  the  combustion  of 
il4  cords  of  wood  for  every  16  cords  to  be  dried;  that  is,  1 12  lbs.  are 
burned  to  dry  16  lbs.,  evaporating  4  lbs.  of  water;  being  at  the  rate  of 
2.66  lbs.  of  water  per  poimd  of  fresh  wood. 

HEATING  OF  SOLID& 

Cupola  Furncue. — M.  Peclet  estimates  that,  in  melting  pig  iron  in  an 
ordinary  cupola,  by  the  combustion  of  30  per  cent  of  its  weight  of  coke, 
14  per  cent  only  of  the  heat  of  combustion  is  actually  utilized.  This 
estimate  is  based  on  the  result  of  an  experiment  by  Clement,  showing  that 
to  heat  and  melt  i  pound  of  pig  iron,  504  English  units  of  heat  are 
necessary. 

Plaster  Ovens. — He  also  states  that  to  diy  plaster,  the  heat  of  combustion 
of  7  per  cent,  of  its  weight  in  wood  is  absorbed,  whereas  the  actual 

consumption  of  wood  amounts  to  from  9  to  14  per  rent., — showing  that 
from  50  to  80  i)er  cent,  of  the  total  heat  generated  is  utilized, 

.^fdallurgical  Furnacrs.-  Dr.  Siemens  states  that,  in  an  ordinar)'  reheating 
furnace,  employed  in  metallurgical  operations,  one  ton  of  coal  is  consumed 
in  heating  ;  tons  of  wrought  iron  to  the  welding  point,  2700  F.;  whilst 
he  estimates,  in  terms  of  the  specific  heat  of  iron,  .114,  and  the  heating  i)ower 
of  coal,  14,000  units  of  heat,  that  a  ton  of  coal  is  capable  of  heating  up 
39  tons  of  nron.  From  this  it  appears  that  only  4^^  per  cent  of  the  whole 
heat  generated  is  appropriated  by  the  iron.   Similarly,  he  estimates  that 
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barely  i  per  cent  of  the  whole  heat  generated  is  utilized  in  melting  pot- 
steel,  in  ordinary  furnaces ;  whilst,  in  his  regenerative  furnaces,  a  ton  of  steel 
is  melted  by  the  combustion  of  1 2  cwts.  of  small  coal,  showing  that  6  per 
cent,  of  the  heat  produced  is  utilized. 

Blast-Furncue. — Mr.  J.  Lothian  BelP  has  formed  detailed  estimates  of 
the  appropriation  of  the  heat  of  Durham  coke  in  the  Cleveland  blast- 
furnaces; from  which  the  following  abstract  has  been  prepared: — 

Durham  coke,  it  is  assumed,  consists  of  92.5  per  cent,  of  carbon,  a.5  per 
cent  of  water,  and  5  per  cent  of  ash  and  sulphur.  To  produce  i  ton  of 
pig-iron,  there  are  required  1 1  cwts.  of  limestone,  and  49  cwts.  of  calcined 
iron-stone;  the  iron-stone  consists  of  18.6  cwts.  of  iron,  9  cwts.  of  oxygen, 
and  21.4  cwts.  of  earths.  There  is  formed  7.26  cwts.  of  slag,  of  which  i.i 
cwt.  is  formed  with  the  ash  of  the  coke,  and  6.16  cwts.  with  the  limestone. 
There  are  21.4  cwts.  of  earths  from  the  iron-stone,  less  .74  cwt.  of  bases 
taken  up  by  Uie  pig-iron  and  dissipated  in  fome;  say,  80.66  cwts.  Total 
of  slag  and  earths*  97.93  cwts. 

Mr.  Bell  assumes  Uiat  30.4  per  cent  of  the  carbon  of  the  fuel,  which 
escapes  in  a  gaseous  form,  is  carbonic  acid;  and  that,  therefore,  only  51.27 
per  cent,  of  the  heating  power  of  the  fuel  is  developed,  and  the  remaining 
48.73  per  cent,  leaves  the  tunnel-head  undeveloped.  He  adopts,  as  a  unit 
of  heat,  the  heat  required  to  raise  the  temperature  of  112  lbs.  of  water 
i''  Centigrade. 


DUtribution  of  the  heat  generated  in  the  blast-furtiau  for  the  production 

of  1  Urn  of  pig-irm: — 

VKITt.  '  mCSMT. 

Evaporation  of  water  in  coke,  and  chemical  action, 

in  smelting,                                                      4^,354  54  t 

Fusion  of  pig-iron,                                                 6,600  7.4 

Fusion  of  slag,                                                      15^356  17.2 

Expansion  of  blast,                                                 3f700  4.1 

Appropriated  for  the  direct  work     the  furnace,  74,010  82.S 

Loss  by  radiation  through  the  walls,               3,600  4.0 

Carried  away  by  tuyere-water,                        1,800  2.0 

Sensible  heat  of  gaseous  products,                lo^ooo  11.2 

Waste,   t5»4oo  17.2 

Total  heat  generated  in  the  fumac^        89,410  100.0 

The  undeveloped  heat  of  the  fuel  amounts  proportionally  to  89,410  x 

=  84,980  units.  Add  to  this,  the  sensible  heat  of  the  gaseous  prod  ucts, 
10,000  units,  and  the  sum,  94,980  units,  is  disposed  of  as  follows: — 


^  The  Journal  cf  the  Iron  and  Sted  Institute^  1872,  1875.  The  abstract  given  in  the 
text  affords  but  a  meagre  notion  of  the  variety  and  extent  (  f  Mr.  J.  Lothian  Bell's  investi- 
gations, the  value  and  importance  of  which  are  highly  and  jubily  appreciated  by  manufac- 
turen  of  iron* 
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Disirilmium  of  the  waste  and  undeveloped  heat  of  the  fuel  required  for  the 

prodwHon  iff  \  ton  of  pig-iron, 

VHITt.  rn  CBNT. 

Generation  of  steam  for  blast-engine  and  various 

pumps  connected  with  the  work,                         28,080  29.6 

Heating  the  blast  to  905°  F.,                               11,920  125 


Appropriated  for  direct  work,                           40,000  42.1 

Loss  by  ladiatioD  from  the  gas  tubes,              3320  3.5 

Loss  of  heat  escaping  by  the  diimneys,          21,660  22.8 

(temperature,  770°  F.,  from  bofleis) 
(     Do.       640°  F.,  from  stoves) 

Radiation  at  boilers  and  stoves,  25  per  cent,  16,240  17.1 

Waste,                                                     41,220  43.4 

Loss  of  gases  from  blast-ftimaces,  in  charging,  5  per  cent.,  4,740  5.0 

Sundry,                                                     9,020  9.5 

Total  waste  and  undevdoped  heat,       94,980  100.0 

For  the  performance  of  the  duty  according  to  these  analyses,  Mr.  Bell 
states  that  19.08  cwts.  of  carbon,  or  20.62  cwts.  of  coke,  are  recjuired,  per 
ton  of  iron  produced  from  ore  yielding  41  per  cent,  of  iron.  In  a  furnace 
having  18,000  cubic  feet  of  capacity,  80  feet  high,  i  ton  of  No.  3  pig-iron 
was  produced  with  2i»4  cwts.  of  ordinary  Durham  coke,  from  Cleveland 
iron-stone. 

In  recent  yeais,  by  raising  the  temperature  of  the  blast  to  485**  C,  or 
905°  F.,  the  consumption  of  coke,  with  a  furnace  48  feet  high,  was  reduced 
to  28  cwts.  per  ton  of  iron.   With  a  cold  blast,  more  than  60  cwts.  would 

probably  have  been  required. 

It  is  stated,  that  at  Barrow  works,  where  the  Sicmcns-Cowpcr  regenerative 
stove  is  employed  for  heating  the  blast  to  iioo^  F.,  the  quantity  of  coke 
consumed  is  20.08  cwts.  per  ton  of  iron. 
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The  streii'jth  of  materials  is  measured  bv  the  resistance  which  thev 
o|)pose  to  alteration  of  form,  and  ultimately  to  rupture,  when  subjected  to 
force,  pressure,  load,  stress,  or  strain.  The  exigencies  of  scientific  precision 
have  caused  the  general  substitution  of  the  word  "  stxess"  for  the  good  old 
engineer's  woid  **  stnun,**  as  expressive  of  force,  though  strain"  may  ^ill 
be  employed  to  express  alteration  of  form.^ 

Stress  is  applied  in  five  recognized  modes: — 

ist.  Tetisiie  stress,  tending  to  draw  or  pull  the  body  asunder.  The 
immediate  effect  is  elongation, 
ad  Qmpresshi  stress^  tending  to  crush  it    The  immediate  effect  is 

compression. 

3d.  Shearing  stress^  tending  to  cut  it  through.   The  immediate  effect  is 

iatcral  compression,  elongation^  and  dcficction. 

4th.  Transi'crsc  or  lateral  stress,  tending  to  bend  it  and  break  it  across, 
the  ion  c  beinij  a|)|)lied  laterally,  and  acting  with  leverage.  The  immediate 
elfect  is  latu  id  dejicciion. 

5th.  TbrHemal  shnsy  tending  to  twist  it  asunder,  the  force  acting  with 
leverage.   The  immediate  effect  is  angular  d^ection, 

Mr.  Callcott  Reilly  aptly  reduces  the  varieties  of  stress  to  three  kinds 
of  simple  stress: — Tensile  stress,  compressive  stress,  and  shearing  stress. 
These  are  the  ultimate  forms  of  stress;  diey  are  combined  in  transverse 
stress,  and  the  third  is  substantially  the  form  of  torsional  stress,  where  the 
strain  is  applied  over  a  very  short  length.  Or,  where  torsional  stress  is 
applied  over  a  considerable  length,  the  tensile  form  of  stress  is  combined 
with  shearing  stress. 

When  stress  is  a|)j)lie(l  gradually  to  a  solid  body,  the  strain,  or  alteration 
of  form,  is  ])r()i)()rtional  to  the  intensity  of  the  stress,  so  long  as  the  inherent 
elastic  force  of  the  body  is  not  overbalanced  by  the  stress — so  long,  that  is 
to  say,  as  the  alteration  of  form  remains  within  the  elastie  limits  the  stress, 
at  the  same  time,  remaining  within  the  limit  of  dastic  sirengih.  When  the 
elastic  limit  is  turned  and  exceeded,  the  body  begins  to  yidel  under 
gradually  accumulating  stress,  and  the  strain  or  alteration  of  form  becomes 
])roportionally  greater  and  greater  with  the  intensity  of  the  stress,  until, 
finally,  rupture  or  breaJ^age  tsdkes  place. 

'  As  Dr.  Pole  says  liii»  lectures  on  /rott  as  a  Mtxterial  of  Coustnutuyu,  this  word 
strain  "appears  to  convey  its  idea  so  clearly  that  there  most  be  little  chance  of  expunging 
it  from  the  practical  mechanic's  vocabulary."  Mi.  Stoney  employs  it  exclusively  in  his 
work  on  The  Theory  of  Strains.  Mr.  Kirkaldy  uses  the  word  "stress"  in  his  reports  of 
bis  experiments  on  the  strength  of  materials. 


WORK  OF  RESISTANCE  OF  MATERIAL. 


WTien  a  body  is  loaded  in  excess  of  the  elastic  limit,  without  breakage, 
it  returns,  when  unloaded,  towards  its  normal  forra,  but  it  fails  to  regain  it 
It  is,  in  so  far,  deformed,  and  it  has  acqnired  a  pefmmimi  seiora.se/. 

There  are  five  data  of  impoftance  to  be  observed  in  the  measurement  of 
the  strength  of  materials. 

ist  The  limit  of  elasticity,  or  the  eias/ic  iimit, 

2d.  The  peatest  stress  which  the  material  is  capable  of  sustaining  within 
the  elastic  hmit,  or  the  dasiic  strength. 

3d.  The  siramf  or  alteration  of  form— elongation,  compression,  deflec- 
tion, or  torsion—- within  the  elastic  limit 

4th.  The  total  extent  of  the  strain^  or  alteration  of  fomi,  with  the  sd^ 
before  ruptore  takes  place. 

5th.  The  greatest  stress  which  the  material  is  capable  of  supporting 
before  rupture  takes  place ;  or,  the  absolute  strength. 

The  first  and  second  data  are  of  prime  importance;  the  others  are  sub- 
sidiaiy.  For,  in  practice,  it  is  necessary,  in  order  to  insure  the  permanency' 
of  a  structure,  that  its  proportions  should  be  such  that,  under  the  maximum 
stress  to  which  any  piece  is  to  be  subjected,  it  should  not  be  strained  be- 
yond the  elastic  limit  of  its  strength. 


WORK  OF  RESISTANCE  OF  MATERIAL. 


Under  a  Quit  scent  Load. — Since  the  intensity  of  the  elastic  resistance  in- 
creases uniformly  with  tiie  total  space  through  which  the  action  of  the  stress 
takes  crtcct,  it  may  be  represented  by  the  triangular 
Space  ABC,  Fig.  129,  in  which  ab  is  the  total  space  de- 
scribed,  and  bc  is  the  measure  of  the  stress  applied. 
Suppose  the  stress  BC^^  10,000  lbs.,  and  the  space  ab 
=  I  inch,  then  the  stress,  10,000  lbs.,  which  has  been 
applied,  operates  through  a  space  of  i  inch,  and  has  been 
oi)i)ose(l  by  an  elastic  resistance  which  commenced  at 
A,  and  incrcaseti  uniformly,  from  o  at  a.  to  10,000  lbs. 
at  B.  The  intensity  of  the  resistance  at  difltrrent  points 
along  the  space  ab,  is  measured  by  the  ordinates  of  the 
triangle  parallel  to  the  base  through  the  given  points; 
and  the  space  be  divided  into  four  parts,  for  example, 
at  the  points  the  values  of  the  ordinates  ad^bb\ 
r/,  or  the  intensities  of  the  resistance  at  the  points 
of  elongation  a,  b,  c,  are  respectively  2500,  5000,  and 
7500  lbs.  If  an  indefinitely  great  number  of  ordi- 
nates be  drawn,  they  ^^^ll  occupy  the  whole  area  of  the  triangle,  and  the 
average  length  of  the  ordinates  will  be  half  the  base  bc,  equivalent  to 
5000  lbs. 

Hence  a  ready  means  of  calculating  the  quantity  of  work  necessary  to 

strain  a  piece  to  its  elastic  limit: — Multiply  half  the  elastic  strength  in 
pounds  by  the  space  in  feet  described  by  the  resistance  or  by  the  stress. 
The  product  is  the  work  expended.   If  R  s  the  elastic  strength  in  pounds, 


Diyiiized  by  Google 


502 


THE  STRENGTH  OF  MATERIALS. 


/sthe  s^ace  described  by  the  load  or  stress  in  feet,  and  the  work  done, 
the  rule  is  fmaulated  thus: — 

w^y^Ks   (i) 

For  example,  using  the  above  data,  if  10,000  be  the  elastic  strength,  and 
I  inch  or  .0833  foot  be  the  space  described,  then  the  woik  done  in  strain- 
ing the  piece  to  the  limit  of  its  elastic  strength  is 

}4  (1 0,000 X. 0833)  =  41 6. 7  foot-pounds. 

C/fider  a  Load  suddenly  applied, — In  these  calculations  of  stress  and  work, 
it  is  assumed  that  the  stress  is  applied  gradually,  so  that  no  appreciable 
velocity  and  momentum  be  generated  as  the  stress  is  applied.   If,  on  the 

contrary,  a  weight  equal  to  the  total  load  be  applied 
A^-— P  suddenly  and  all  together,  the  momentary  deflection 

^  under  the  load  amounts  to  twice  the  permanent  dellec- 

*  tion,  or  twice  that  which  is  effected  by  the  load  when 

J '  gradually  applied,  supjtosing  that  the  total  deflection 

J>  does  not  exceed  the  elastic  limit.    Let  a  B,  Fig.  130, 

Fig.  i3&—DdiecrioB under  be  the  deflection  caused  by  the  gradual  application  of 
a  Sodden  Load.  ^  weight  w,  and  AB'  the  momentary  deflection  caused  by 
the  sudden  application  of  it  Draw  the  ordinates  bc  and  b'c'  to  measure  the 
resistance  at  the  points  b  and  b',  and  complete  the  triangle  A  b'c'.  Throu^ 
c  draw  the  rertical  i>  n'.  Then  the  rectangle  An'i/i)  measures  the  work 
done  by  the  load  in  falhng  through  the  height  ah',  and  the  triangle  ab'c' 
measures  the  w'ork  of  resistance  to  detlection.  '1  hese  are  equal  to  each 
other;  and  as  b'c'  must  be  twice  b'd',  so  ab  is  twice  ab;  that  is  to  say, 
the  momentary  deflection  under  a  load  suddenly  applied  is  twice  the  steady 
deflection  under  the  6ame  load  very  gradually  applied. 

It  follows  that  in  proportion  to  the  ra{>idity  witii  which  loads  are  applied, 
as  when  railway  trains  run  upon  a  bridge,  of  course  in  the  absence  of  per- 
cussive action,  the  deflection  is  greater  tiian  that  due  to  the  same  load  at 
rest  on  the  bridge,  and  increases  with  the  speed  of  transit.  But  it  does  not 
amount  to  twice  the  detlection  due  to  a  quiescent  load,  though  it  approaches 
to  this  limit  as  the  speed  increases. 

Under  Stress  by  Percussion. — When  a  solid  material  is  exposed  to  percus- 
sive stress,  as,  for  instance,  when  a  heavy  weight  foils 
upon  a  beam  transversely,  the  wmk  of  resistance  is 
measured  by  the  product  of  tiie  weight  by  the  total 
fall — the  total  fiEdl  being  equal  to  the  height  of  fall 
above  the  beam  plus  the  deflection.  To  exemplify 
percussive  action  within  the  elastic  limit,  reproduce 
Fig.  130  on  the  same  scale,  in  thick  lines,  in  Fig.  131, 
with  the  same  letters  of  reference,  and  let  a  a  be 
the  height  of  fall  above  the  beam,  and  b'b''  the 
additional  deflection  under  the  weight  a'b*  is  the 
total  fall,  and  ab"  the  total  deflection.  Draw  the 
horizontal  line  e'c",  and  produce  AC*  and  d  d'  to 
meet  it  at  c"  and  d^.  1  hen  the  rectangle  a'  b^'d'd'" 
measures  the  work  for  the  total  fall,  and  the  triangle 
ab^'c*  measures  the  work  of  resistance  to  deflection; 
and  these  quantities  of  work  are  equal  to  each 
Other.    The  scale  of  the  diagram  above  the  normal  level  of  the  beam,  a  d, 


Fig.  131.— Deflection  under 
" —  by"  
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is  the  same  as  that  of  the  portion  below  a  d,  for  the  sake  of  simplicity  of 
illustiadon,  and  for  leady  compamon  of  the  squares  representing  quantities 
of  wofk. 

Coefficient  of  Elasticity. 

The  elasticity  of  a  bar  of  any  solid  material  subjected  to  a  direct  tensile 
or  a  direct  compressive  force,  within  the  elastic  limits,  is  measured  by  a 
constant  fiaction  of  the  length  per  unit  of  force  per  unit  of  sectional  area. 
The  unit  of  force  and  area  is  usually  taken  as  one  pound  per  square  inch, 
but  it  is  sometimes  taken  as  one  ton  per  square  inch.  £  is  used  to 
Sjmibolize  the  denominator  of  the  fraction.  For  example,  if  a  bar  of  iron 
be  extended  Vi«.moth  part  of  its  length  per  ton  of  stress  per  square  inch  of 
section, 

•  *  _* 

X2,000  E* 

The  bar  would  therefore  be  stretched  to  double  its  normal  length  by  a  force 
of  12,000  tons  per  scjuare  inch,  if  the  material  were  perfectly  elastic.  I  hc 
supposition,  though  imaginary,  is  convenient;  and  the  coeflSdent  of  elasticity 
is  usually  defined  as  the  weight  which  would  stretch  a  perfectly  elastic  bar 
of  uniform  section  to  double  its  length.  It  is  represented  by  £,  which  may 
be  employed  to  express  pounds,  tons,  or  any  other  measure  of  weight. 

The  coefficient  of  elasticity  may  also  be  expressed  in  terms  of  the  length 
in  feet  of  a  bar  of  the  given  material,  the  weight  of  \vhi(  h  would  be  equal 
to  the  force  rc([uireci  to  stretch  it  to  twice  its  normal  length.  For  example, 
a  I -inch  square  bar  of  iron  weighing  pounds  per  lineal  loot  would  require 
to  be  (12,000  X  2240  3^  = )  8,064,000  feet  in  length  to  stretch  it  at  the 
upper  end  to  twice  the  normal  length,  and  this  is  another  expression  for  the 
coefficient  of  elasticity. 

The  same  methods  of  expressing  the  coefficient  of  elasticity  are  applied 
to  the  elastic  resistance  to  compression.  That  is,  the  coefficient,  in  weight, 
is  expressed  by  the  denomination  of  the  fraction  of  its  length  by  which  a 
bar  is  compressed  per  unit  of  weight  per  square  inch  of  section. 

TRANSVERSE  STRENGTH  OF  HOMOGENEOUS  BEAMS. 

Tensile  resistance  is  selected  as  the  basis  of  the  following  formulas,  which 
are  constructed  on  the  assumption  that,  within  clastic  limits,  extension  is 
equal  to  compression,  under  equal  stresses;  and  their  strict  application  is 
confined  to  the  calculation  of  stress,  strain,  and  strength,  within  elastic 
limits.  At  the  same  time,  they  are  practicsUly  applicable  for  calculadqg 
ultimate  strength. 

I.  Symmetrical  Solid  Reams. 

Let  a  homogeneous  beam,  a  b,  Fig.  132,  of  rectangular  section,  be  freely 
supported  horizontally  at  both  ends,  at  a  and  />.  Bisect  the  depth 
at  tf,  and  draw  the  horizontal  line  nop.  Let  the  beam  be  loaded  by  the 
weight  W,  applied  at  the  middle,  cd,  of  the  beam.  Then  the  beam  is 
deflected  under  the  load,  and  the  upper  half,  above  the  line  n^/,  is  com- 
pleted, and  the  lower  half  is  extended,  in  such  a  manner  tha^  having 
regard  to  the  vertical  section  cd,  the  compression  and  elongation  respectively 
increase  uniformly  from  zero  at  the  central  point,  ^,  to  a  maximum  at  the 
upper  and  lower  suiiaces,  c  and  d.    The  proportional  increase  may  be 
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Fig.  133.— Ttaxisvcne  StrcM  on  a  Rectangular  Beam. 


represented  by  the  triaiic^  oe/md  ogh^  formed  by  the  lines  eh  and  fg^ 
inteEsectiiig  at  the  central  point  q\  in  which  the  graduated  shortening  and 

lengthening  of  the  fibres 
at  any  given  height  are 
representee^  Iw  hori/ontal 
lines  drawn  across  the  tri- 
angles. 

The  horiaontal  com- 
preasive  stress  in  die 
upper  half,  and  the  ten- 
sile stress  in  the  lower 
half  ot  the  beam,  with 
resi)ect  to  the  section 
cd^  likewise  increase  uni- 
formly from  the  central 
point  0^  where  they  are 
zero,  to  the  upper  and 
lower  surfoces  at  c  and  if.  Such  ia  the  ordinary  theory  of  transverse  stress 
in  a  rectangular  beam,  and  it  is  assumed  that,  throughout  the  whole  length  of 
the  beam,  as  at  the  section  at  the  middle,  there  is  no  horizontal  stress  in  the 
central  line  nop^  with  respect  to  any  vertical  section.  line  is  therefore 

called  the  neutral  line  or  neutral  axis;  and  it  is  a  line  of  demarcation  between 
the  directly  horizontal  compressive  stress  above  and  the  tensile  stress  below. 

Further,  the  sum  of  the  compressive  stress  above  the  neutral  axis  is  equal 
to  the  sum  of  the  tensile  stress  bdow,  and  each  may  be  replaced  by  its  re- 
sultant stress  at  the  resultant  centre  without  affecting  the  equiUbriuro.  If 
the  cross  section  of  the  beam,  Fig.  133,  No.  i,  be  divided  into  a  number  of 
strips  of  e(]ual  thickness,  the  moment  of  stress  for  each  strip  in  the  upper 
and  in  the  lower  grouj).  with  respect  to  the  neutral  axis  n  0 may  be  calcu- 
lated, and  the  sum  oi  the  moments  for  each  group  divided  by  the  sum  of  tiie 


Fig.  N^.  t  T  Hi^itudinal 
Re&i«canc«:  in  Li).idcd  Beaxm. 


fif.  133.  No.  2. — Diafron.-xl 
Resistance  in  Loaded  Ucams. 


FSg.  133,  No.  3  — ConiMiied  ResisU 
ance  in  Lxiadcd  licams, 

resistances,  when  the  quotient  will  be  the  resultant  radius.  But  this  calcu- 
lation may  be  saved  by  drawing  the  diagonals  eh  and  fg,  when  it  is  apparent 
that  the  shaded  triangles  formed  by  them  exhibit  the  relative  (quantities  of 
Stress  for  each  strip,  and  that  the  resultant  lines  of  stress,  m  m  and  / /,  pass 
through  the  centres  of  gravity  of  the  triangles,  each  at  a  distance  ftom  the 
neutrd  axis  equal  to  two-thirds  of  the  half^epth  of  the  beam.  (Fig.  133,  i.) 
These,  the  moments  of  the  normal  stresses  or  resistances  due  to  the  abso- 
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lute  horizontal  compression  and  extensioii  of  the  beam,  are  supplemented 
by  diagonal  resistances,  by  which  each  of  them  is  augmented  75  per  cent 
To  eluddate  the  origin  of  diagonal  resistance,  it  may  be  observed  that 


beam— aboye  and  below  the  neutral 

^fi:  ri  r  No.  f. 


die  upper  and  lower  portions  of 

axis — may  be  considered  as  two 
individual  members  of  a  frame, 
united  at  their  surface  of  contact 
— the  neutral  axis.  Let  r  B  <f , 
f'igs.  134,  No.  I,  be  a  triangular 
fiame,  fixed  at  and  loaded  at  B. 
The  pieces  ec'  and  ^i'  of  the 
upper  and  lower  members  are 
respectively  extended  and  com- 
pressed, when  the  load  is  applied, 
to  the  lengths  c  c"  and  dd".  If 
the  members  of  tlie  frame  are 
placed  parallel  to  each  other,  in 
dote  contact,  as  m  ^gs.  134, 
Ka  a,  extension  and  compresr 
sion  take  place  as  before.  Let. . 
now,  the  two  members  be  united 
in  the  line  nop^  No.  3,  and  so 
consolidated  as  to  fonn  a  semi- 
beam;  the  extension  and  the 
compression  partially  neutralize 
each  other:— at  the  nentral  line 
nop  they  are  absohitely  neutral- 
ized, and  the  amounts  of  exten- 
sion and  of  compression  are 
represented  by  the  triangles  c' c" 0 
and  d' d"  0.  The  structure  is 
thus,  in  a  certain  sense,  crip- 
pled ;  and  the  extension  and 
compressioa,  instead  of  being 

rectilineal,  are  curvilineal,  and  the  semi-beam  is  deflected,  as  in  No.  4. 

The  counteraction  here  pointed  out  is  necessarily  exeited  diagonally,  at 
an  angle  of  45*  with  the  neutral  line;  as  in  the  line  d€\  Fig.  135,  at  45* 
with  the  transverse  sectioa  c'd\  The  diagonal  focoes,  aa  applied  to  the 


•••••••  ^^^^^^Tt^*"  •••• 

s  


6 


Figs.  S34.~^trai  in  a  Loaded  BMa. 


Fif  .  z35.->DiiigoiiaI  SttCM  in  a 


ftf .  tjtf.— IXagoml  SticM  m  a  Beam. 

transverse  section  c'd'  strained  into  the  position  c" d"^  are  represented  by 
diagonals  at  45''  drawn  from  points  in  the  upper  haJf-depth  to  the 
neutral  Ime  oo\  for  tensile  resistance;  and  from  points  in  the  lower  half- 
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depth  od'f  for  compressive  resistance.  Reproduce  the  upper  half-depth 
to  a  larger  scale,  in  Fig.  136.  Draw  the  perpendicular  and  thence  the 
perpendicular  ns;  the  diagonal  extension  is  measured  by  hc',  and  the 

horizontal  component  jr*  is  the  horizontal  extension  at  the  upper  side  of 
the  beam,  due  to  the  length  of  the  portion  rV".  These  extensions  are 
also  measures  of  the  diagonal  force,  and  its  horizontal  romi)onent  Take 
next  the  horizontal  line  /  at  any  other  position  in  the  half-depth.  The 
diagonal  vu  becomes,  when  strained,  vu'y  at  45°,  and,  by  the  same  con- 
struction as  before,  the  extension  of  the  diagonal  is  measured  byss/,  whflst 
its  horizontal  component  is  x  u\  It  is  easily  deduced  from  the  similarity 
of  the  construction,  that  the  forces  measured  by  the  horizontal  components 
xt/  and  sc"  are  equal  to  each  other.  Similarly,  the  horizontal  components 
of  the  diagonal  forces  acting  throughout  the  whole  depth  of  the  section  rV, 
are  equal  to  each  other.  They  may,  therefore,  be  represented  in  their 
entirety  by  the  rectangle  c'syo,  of  which  the  length  c's  is  equal  to  half  the 
length  c'c"  of  the  triangle  c' <:"<?;  and  the  areas  of  force  represented  by  the 
rectangle  and  the  triangle,  are  equal  to  each  other. 

By  a  similar  aigument,  the  duigonal  compressive  resistance  in  the  lower 
section  of  the  semi-beam,  may  be  analyzed.  It  is  the  simple  converse  of 
the  diagonal  tensile  resistance  in  the  upper  section. 

The  horizontal  resistance  due  to  diagonal  stress,  is  represented  diagram- 
atically,  on  the  cross  section,  by  Fig.  133,  No.  2,  in  which  the  shaded  area 
inclosed  by  the  verticals  and /'//'  represents,  in  its  upper  half,  the  tensile 
stress;  and  in  its  lower  half,  the  compressive  stress;  for  which  the  resultant 
lines  of  stress,  m  m  and  //,  are  eadi  at  a  distance  from  the  neutral  axis 
equal  to  half  the  half-depth  of  the  beam.  The  two  elements  of  resistance 
(No.  I  and  No.  2)  are  combined  in  Fig.  133,  No.  3,  showmg  in  deep  shad- 
ing the  combined  areas  of  stress  of  uniform  intensity;  the  amotmt  of  which 
is  equal  to  that  of  the  semi-rectangle.  This  investigation  for  a  semi-beam 
is  applicable  for  a  beam  supported  at  the  ends,  and  loaded  at  the  middle, 
like  Fig.  132,  the  tensile  and  compressive  stresses  being  inverted.  The 
tensile  and  compressive  stresses  act  at  a  resultant  radius,  measured  from  the 

neutral  line,  of  ( +  i)  -s-  2  »  )-L  or  .5833,  taking  the  half-depth  as  i.  As 

.5775  is  the  geometrical  radius  of  gyration  of  the  semi-rectangle  on  the 
neutral  axis,  when  the  half-depth  si  (see  page  289),  the  moment  of  resist- 
ance will,  for  simplicity,  be  taken  as  .5775,  when  the  area  of  the  semi- 
rectangle  and  the  half-depth  are  each  represented  by  unity.  Then  the 
total  moment  of  either  resistance,  tensile  or  compressive,  with  reference  to 
the  neutral  axis,  is  expressed  by  the  product  of  half  the  sectional  area  of 
the  beam  by  half  the  depth,  and  by  .5775,  and  by  the  extreme  tensile  or 
compressive  stress  per  unit  of  sectional  area.    That  is  to  say,  by, 

Yx.5775xx-.i444*i^x;    (a) 

in  which  ^=the  breadth,  </=the  depth,  both  in  inches;  and  s^ihe  extreme 

tensile  stress  per  square  inch,  to  which  the  extreme  compressive  stress  is 
taken  as  equal.  The  sum  of  the  moments  of  the  tensile  and  the  com- 
pressive resistances  is,  therefore,  practically  twice  the  moment  (a)  round 
the  neutral  axis;  or 

.1444  dd'sx2-,2S^  dd's    (d) 
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When  the  beam  is  loaded  to  the  point  of  rupture,  the  extreme  tensile 
stress  in  the  lower  surface  of  the  beam  becomes  equal  to  the  ultimate 
strength  of  the  material* 

To  express  the  moment  of  the  load  or  weight  W: — ^Each  of  the  supports 
a  and  h  carries  half  the  weight,  and  presses  upwards  with  a  force  equal  to 
W 

— ;  the  leverage  of  each  of  these  pressures  on  the  section  of  the  beam  at 

*  / 
the  middle,  is  half  the  span  4  equal  to  ad  or  db^  and  is  — ;  therefore  the 

moment  of  the  weight  at  the  middle  is  expressed  by — 



224 

The  moment  of  the  weight  (^)  is  necessarily  equal  to  the  moment  of 

W  / 

resistance  (^);  or,  —  =  .2888  bd's^  and  W /=  1.155  ^^'^'i  whence, 

w-LiSl*f^2  (,) 

w/  ,  , 

That  is  to  say,  whtn  the  beam  is  supported  at  both  ends,  and  the  weight  is 
applied  at  the  centre^  the  breakin^^  wci\^ht  is  equal  to  the  product  of  the 
breadth  by  the  stiuare  of  the  dcjith,  and  by  the  ultimate  tensile  strength 
per  square  inch,  and  by  1.155;  divided  by  the  span. 

Also,  the  ultimate  tensile  strength  per  square  inch  is  equal  to  the  product 
of  the  breaking  weight  by  the  span;  divided  by  the  product  of  the  breadth 
by  the  square  of  the  depth,  and  by  1.155. 

The  formula  ( i  )  signifies  that  the  br^ing  weight  varies  directly  as  the 
breadth  of  the  beam,  directly  as  the  square  of  the  depth,  directly  as  the 
tensile  strength  of  the  material,  and  inversely  as  the  span. 

Whm  the  beam  is  fixed  at  both  etuis  and  loaded  at  the  middle^  the  breaking 
weight  is  equal  to  2  times  that  of  a  beam  freely  supported,  or 


yf^l.mid'S  


When  the  beam  is  fixed  at  one  end  only^  and  loaded  at  the  other  end^  the 
breaking  weight  is  one-fourth  of  that  of  a  beam  freely  supported  at  both 
ends;  or 

W=:222^.    (4) 

When  tlie  load  is  appliai  at  any  other  point  than  the  middle  0/  a  beam  freely 
suspended  at  boih  ends^  let  m  and  n  denote  the  two  segments  into  which  the 


'  In  die  intenrentton  of  tfce  dlMood  stress  in  deflected  rectangular  beams,  according  to 

the  analysis  in  the  text,  is  found  the  solution  of  the  mystery  of  the  "  resistance  of  flexure,** 
which  has  been  so  denominated,  and  has  been  experimentally  demonstrated  by  Mr.  W. 
H.  Barlow.  The  contrast  between  the  action  of  the  diagonal  bradiug  of  lattice-girders 
and  that  of  the  solid  web  of  web-f^iden^  throws  a  flood  of  ligjbt  on  the  leooodite  strains 
In  webs      in  solid  biiwi^ 
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length  is  divided  by  the  load.  Then  the  hceaking  weight  is  inmself 
proportional  to  the  product  of  the  segments,  mx$L  At  the  middle,  mm 

^L^LJl,   Whence W  =  IiISS*^*x:^l.;««;  or, 
a     a    4  '4 

^,.289  bd*ls   

IK  ft 

When  the  weight  is  uniformly  distributed  along  the  beam,  the  total 
breaking  weight  is  equal  to  twice  the  breaking  weight  as  applied  at  the 
middle  of  a  beam  supported  at  both  ends,  or  at  the  end  of  a  beam  fixed  at 
the  other  end. 

JVken  the  beam  is  supported  at  both  ends  and  uniformly  loaded^ 

W=Mi^'   

When  the  beam  is  fixed  at  both  ends  and  ttnifomUy  loaded^ 

y,  ^i.A(>6td's   

WJuti  the  beam  is  Jixed  at  one  end  only\  and  uniformly  loaded ^ 

yf.n^££    <8) 

Generalized  Formula  for  the  Breaking  Weight  of  Symmetrical 

Solid  Beams. 

Let  the  area  of  the  section,  be  represented  in  the  eipcession  (tt), 
by  a,  and  the  radius  of  gyration  l)y  r,  the  half-depth  of  the  beam  being  =  1 ; 
then,  by  substitution,  the  moment  of  resistance  of  the  half-depth  on  the 

neutral  axis,  is  expressed  by— X  —  xrxxs'i-^i;  and  twice  the  moment 

a    a  4 

is 

adrs    ^     adrs  , 

  X  2  =     (d) 

Then, 

W/    adrs        ,  ,,r  y          ,  ,  ^ 

—  =    :  and  W  I  -  2  aars:    le) 

whence  the  general  formulas — 

Wa  adrs  / ^  v 

=  — 7 — ;  (9) 

/w  .  . 

2  adr 

W-  the  breaking  weight  at  the  middle. 
<j  =  the  se(  tional  area  of  the  beam,  in  square  inches. 
4/=  the  extreme  depth  of  the  beam,  in  inches. 
r  =  the  radius  of  gyration,  taking  the  half-depth  equal  to  i. 
/=  the  length  or  span  of  the  beam  between  tiie  supports,  in  inches. 
J = the  uhimate  tensile  strength  of  the  material,  per  square  inch. 
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The  weight  and  the  tensile  strength  are  to  be  expressed  m  terms  of  the 
same  mut  of  weight,  whether  in  pound%  hundredweights,  or  tons. 

The  formulas  (9)  and  ( 10)  are  applicable  to  solid  besons  of  any  symme^ 
trical  form  of  section,  no  part  of  which  is  overhung,  and  for  any  weight  and 
maximum  tensile  stress  not  exceeding  the  ultimate  weight  and  stress  for  the 
material 

I.  Solid  Beams  (without  Overhang)  op  Symmetrical  Section. 

The  sections  of  beams  which  mav  be  noticed  arc  shown  by  Figs.  137,  in 
which  the  radius  of  g)'ration  above  and  below  the  neutral  axis  as  a  centre, 
is  marked  bjF  a  horizontal  Una  The  neutral  axis  passes  through  the  centre 
<^  gravity  of  each  section  at  the  level  of  half  the  depth. 


Nok  I*  Ho.  a.  Now  3.  Mo.  4.  Na  5. 


FIgi.  i37.'-$yimiiecricsl  SoBd  Beams,  without  Ovorliaiig.  Sections. 

1.  Square  and  Rictan\^ular  Strfions. — Xos.  i  and  3.  The  radius  of  g>Ta- 
tion  is  .5775  when  the  half-depth  is  i ;  and  substituting  this  value  of  r  in 

temuU  (9X  W -  ^--jm-od^.,  or, 

W=Li|Wf.    („) 

For  square  beams, 

w=idii£2.  :  („) 

2.  Square  Section,  with  a  Diagonal  Vertical. — No.  2.  The  radius  of  gyra- 
tion is  .4083  when  the  half-diagonal  is  i;  and,  by  substitution,  in  formula 
( 9  ),  and  reduction, 

xxj    .8166  ads  /  » 
 1  —   <«3) 

The  diagonal  is  equal  to  1.4 14  times  the  side;  and,  calling  the  side  ^Z', 
d=- 1.414  i.   Substitute  this  value  in  formula  (  13  ),  and  reduce;  then, 

W= —    ( 14) 

This  value  of  W  is  the  same  as  that  for  an  upright  square  section  ( i  r ), 
showing  that  a  square  beam  is  equally  strong  whether  placed  upright  or 
diagonally. 
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t.  Cimtlar  SeeHan, — ^Na  4.   Tbe  ladius  of  gyiatkm  is  half  the  radius  of 

the  section,  and,  by  substitution  in  formula  (9),  W  -iJiiSJLfLi.  or, 

yf,a^,.jiS±£l   (,5^ 

in  which  d  is  the  depth  or  the  diameter.  The  transverse  strength  of  circu- 
lar sections  varies  as  the  cube  of  the  diameter. 

4.  EiU^keU  Sectiam, — ^Na  5.  The  area  is  .7854  time  the  product  of 
the  breadth  by  the  depth,  and  the  radius  of  gyration  is  half  the  half-depth. 

Substituting  in  formula  (9),  w  =  iiiiS^JLil^li^l^;  or 

W-:2?S4^  

Let  the  ratio  of  the  hreaddi  to  the  depth  =  ^,  then  h^cd,  and 

W--i55^^  

2.  Flanged  ok  Hollow  Beams  of  Symmetrical  Section. 

HoHow  or  flanged  beams  may  be  generally  described  as  beams  of  over- 
hung section.    In  such  beams  the  £agonal  resistance  to  flexure  is  only 

excited  in  the  vertical  portions  of  the  section.  Figs.  138  are  examples 
of  overhung  sections;  and  the  neutral  axis  passes  Uu'ough  the  centre  of 
gravity. 


No.  I. 

I  


No.  9. 


No.  3. 


No.  4. 


Kgi.  138.— ^fmnliiGal  Flmfad 


1.  Hollow-rectangular  or  DoubU-flangcd  Sections. — Nos.  i,  2,  3. 

When  the  depth  is  considerable  compared  with  the  thickness  of  the  flanges ^ 
calculate  for  the  flanges  and  for  the  web  separately.  The  separation  of 
the  web  from  the  flanges  is  shown  in  Fig.  139,  for  the  flanged  beam,  No.  i, 
and  it  is  to  be  done  in  the  same  manner  for  the  hollow  beam,  No.  3. 
The  moment  of  resistance  of  one  flange  is  sensibly  equal  to  the  product  of 
its  sectional  area  multiplied  by  the  distance  d"  between  the  centres  (tf  - the 
flanges,  and  by  the  tensile  strength  per  square  inch;  or  to 


btd's=-ad's,    (/) 
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in  which  /  is  the  depth  or  thickness  of  a  flange,  and  a  its  sectional 


The  web  is  treated  as  a  rectangular  beam  of  the 
depth  d"^  the  distance  between  fte  centres  of  the 

flanges.  This  is  greater  than  the  actual  depth,  as 
between  the  flanges;  but  the  excess  is  compensated 
by  the  metal  filled  in  at  the  angles.  Putting  /'  for 
the  thickness  of  the  web,  the  moment  of  resistance 
is,  by  ^b),  page  506, 

in  which  <f  is  the  sectional  area  of  the  web.  The 
sum  of  the  moments  (/)  and  (jg)  is  equal  to  the 
moment  of  the  weight;  or» 

W/ 


t 

I 

t 
■ 

■ 


Fig.  139. — Calculation  of 
Stnqgthof 


—  =  a//''j  +  .2888<<'^/"j;    (i8) 

4 


whence,  W/«4ai/'x+i.i55  (f  d' s^d" s(^a'¥\.\i% 

xu       s  (4  a -hi. 155  a) 


(19) 


That  is  to  say.  When  the  depth  is  considerable  compared  with  the  thickness 
of  the  flanges — multiply  the  sectional  area  of  one  flange  by  4;  and  multiply 
the  sectional  area  of  the  web  by  1.155.  Add  the  products  together,  and 
multiply  the  sum  the  reputed  depth  of  the  beam,  and  by  the  tensile 
strength  per  square  inch,  and  divide  the  product  by  the  span.  The  quotient 
is  the  breaking  weight. 

Note. — The  reputed  depth  of  the  beam,  and  also  that  of  the  web,  are 
taken,  for  calculation,  as  the  total  depth  minus  the  thickness  of  one  flange. 

2d  Method, — In  some  cases  the  strength  of  the  flanges  only  is  calculated, 

W/ 

when  the  web  is  comparatively  sli^^t  Then,  — = a d^s,  orW/=4a d's; 


and 


W 


^ad's  ^^btd's 


(20) 


I 


That  is  to  say:  When  the  strength  of  the  web  is  negUtUd,  the  breaking 
weight  is  equal  to  four  times  the  sectional  area  of  one 
flange  by  the  distance  apart  between  the  centres  of  the 
flanges,  and  by  the  ultimate  tensile  strength  per  square 
inch,  divided  by  the  length. 

In  applymg  the  formula  to  the  hollow  beam,  No.  3, 
Fig.  138,  /  is  taken  as  the  sum  of  the  thicknesses  of 
the  sides. 

When  the  thickness  of  the  flanges  is  considerable  com- 
peared with  the  depth  of  the  beaniy  No.  4,  Figjs.  138,  and 
Fig.  140. — In  the  double-flanged  section,  F'ig.  140,  cal- 
culate the  strength  of  the  web  for  the  whole  depth, 
as  indicated  in  sectioning.  For  the  lateral  flange 
portions,  the  average  stress  is  less  than  s  in  the  ratio  of  the  total  depth  d 

to  the  reputed  depth  ^,  or  it  is  x     and  the  net  area  of  one  flange,  or  of 

d 


T 


Fig.  1*40.— CUeulatioa 
01  SticQgth  of  Beam. 
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the  unshaded  parts,  Fig.  140,  being  pat  equal  to  a',  die  moment  of  resist- 
ance of  one  flauge  is, 

a'%%rxs^d%s   (h) 

a  a 

The  sum  of  the  moments  of  resistance  of  the  flanges  and  the  web  is  equal 
to  the  moment  of  the  weight,  or 


4  ' 


4P'--^  +  .28S8/i^i.....  (  21  ) 

a 


in  whidi  /  =  the  thickness  of  the  web,  and  ^«the  depth  of  the  section. 
Then, 

W/=4  a'^x+i.i55/<<*j«j(4tf'"y  +  1.155  t' d')-,  and 


*(4«^^+i.iSS''*) 


(aa) 


That  is  to  say:  JV/im  the  thickness  of  the  flanges  is  considerable  compared  ivith 
the  depth  of  the  /'dV/;//.— Multij)!)'  the  net  sectional  area  of  one  tiange,  cal- 
culated for  its  width  minus  the  thickness  of  the  web,  by  the  square  of  the 
reputed  depth,  and  by  4,  and  divide  by  the  total  depth.  Multiply  the 
thickness  of  the  web  by  the  square  of  the  total  depth,  and  by  1.155.  Add 
together  llie  quotient  and  the  product,  and  multiply  die  sum  by  tbe  tensile 
strength  per  square  indi,  and  divide  the  product  by  the  span.  The 
quotient  is  the  breaking  weight 

Note. — The  reputed  depth  is  equal  to  the  total  depth  minus  the  thick- 
ness of  one  flange.  Double-headed  rails,  as  No.  4,  Fig.  138,  will  be  speci- 
ally treated. 

2.  Annular  Section,  Figs.  141,  No.  i. — The  hollowness  of  the  section 
deprives  it  of  a  large  proportion  of  the  diagonal  resistance  exerted  in  the 


No;  t. 


Mo.  3. 


Rgi.  i4i.--SyiiunetriGal  HoUow  Beams. 


solid  circular  section;  otherwise  the  strength  might  have  been  calculated 
fiom  the  section,  Fig.  143,  in  which  the  material  of  the  annular  section 
is  collected  about  the  vertical  centre  line.^  The  lateral  portions  of  the 

^  This  mode  of  aggregation  of  the  section  is  employed  in  Mr.  Edwin  Clark's  work  on 
die  Britannia  Bridge,  page  ill;  and  also  by  Mr.  niker  in  his  excellent  woric  on  tke 

Strength  of  f>c>iins,  26.    Mr.  Baker  very  properly  poiiii-  out  the  fallacy  of  the 

ordinary  mode  of  calculating  the  transverse  strengtli  of  a  beam  of  annular  section,  which 
does  not  take  cognizance  of  the  loss  of  " resistance  to  flexure"  in  a  hollow  beam. 
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mxfdom,  ^,  ^/  Fig  142,  aie  by  their  postdoa  subject  to  dingonil  tUt&m, 
and  thiqr  are  repibduced  in  darker  afaading  in  Fig.  145.  The  breakii^ 
strength  may  be  approximated  to  by,  in  the  first  place,  reducing  the 
breadth  of  the  overfaung  portions,  and  calculating  the  strength  of  the  re- 
duced section,  on  the  principle  to  be  e]q>lained  in  treating  of  beams  of 
unsymmethcal  sections. 


Tigi.  149, 14J.— Annular  Sectioo  of  Beanu.  Fig.  144.  — Xhm  Aonular  SecUoo  of  Beam. 

2^  Method. — When  the  section  is  thin,  as  in  Fig.  144,  the  matter  of  the 
section  may  be  assumed  to  be  collected  at  the  outer  circuinterence,  for 
which  the  radius  of  g)Tation  is  .7071,  when  the  ladius  of  the  section  is  i; 
whence,  rating  the  stress  s  exerted  throughout  the  section  as  the  maximum 

stress,  the  resultant  point  of  resistance,  V,  of  the  half-section  is  '- — —  -  .50, 

when  the  radius  is  i ;  or  the  distance  of  the  centres  of  resistance,  V,  V,  is 

half  the  diameter.    The  sectional  area  is  equal  to  the  product  of  the 
circumference  by  the  thickness,  or  to  3.14  d  <t\  and  the  half-section 
=  1.57  dt.    The  moment  of  the  half-section  is  1.57  dtxy^  d^.j^s  ^''» 

aad  ^  =.7854/2/1;  whence, 

 (,3) 

Molkw  EUiptical  Sections. — These  sections,  Nos.  a  and  3,  Fig.  141, 
page  512,  may  be  treated  on  the  same  principle  as  the  annular  section^ 

No.  I,  Figs.  141,  and  Fig.  143. 

2d  Mdhod. — When  the  section  is  thin  the  breaking  strength  is,  by 
adapting  formula  (  23 ),  putting  b  =  the  breadth,  and  d  -  the  depth, 

W=3.i4~^— or, 

W=l.57(^+^)/^   ~   <24) 

3.  Flamoid  BiauB  whicr  aim  mot  SnmEntiCAL  in  Secitok. 

For  such  beams,  of  which  the  sections,  Figs.  145,  arc  example's,  it 
is  necessary  to  ascertain  the  quantity  of  longitudinal  tensile  resistance, 
and  the  distance  apart  of  the  resuUant  centres  of  tensile  and  compressive 
stress,  fur  a  given  section;  and  to  mukiply  these  together  to  obtain  the 
moment  of  resistance  of  the  section;  whence  the  ultimate  traaarene 
straigtfa  may  be  ralnitoted,   The  first  operation  is  to  find  the  neutral  axis 
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of  the  section;  and  as  the  ultimate  longitudinal  resistance  in  the  web  is 
greater  than  that  of  a  flange,  the  neutral  axis  does  not  pass  through  the 
centre  of  gravity  of  the  section.  But,  if  the  area  of  the  flange  be  reduced 
In  proportion  to  the  potential  or  ultimate  unit-resistance  in  the  web  to  that 


Mo.  X. 


Mo.  a. 


No.  J. 


No.  4. 


No.  s. 


Figt.  MS'^Seoiiow  nt  Unqmawtiiad  BmoMi. 

of  the  flange,  or  as  1.73  to  i,  the  neutral  axis  will  pass  through  the  centre 
of  gravity  of  the  reduced  section. 

RuLt. — 7cf  Jind  the  neutral  axis  of  a  beam  of  unsymmetrical  section.  Divide 
the  section,  as  reduced,  into  its  simple  elements,  and  assume  a  datum-line 
from  which  the  moments  of  the  dements  are  to  be  calculated.  Multiply 
the  area  of  each  element  by  the  distance  of  its  own  centre  of  gravity  from 
the  datum-line,  to  find  its  moment  Divide  the  sum  of  these  moments  by 
the  total  reduced  area;  and  the  quotient  is  the  distance  of  the  centre  of 
gravity  of  the  reduced  section,  or  of  the  neutral  axis  of  the  whole  section, 
from  the  datum-line. 

For  example,  the  J.  section,  No.  i.  Figs.  145,  and  shown  in  Fig.  146 
annexed,  is  12  inches  deep,  12  inches  wide,  and  i  inch  thick  throughout 
Extend  the  web,  to  the  lower  surface  at  d*  and  leaving  5  ^2  indies 
of  web,  a  and  d'b^  on  each  side.  Reduce  this  width  in  the  ratio  of  r.73 
to  I,  or  to  (5.5  ^  1.73  = )  3.2  inches,  and  set  off  ^o'and  a*b'  each  equal  to 
3.2  inches.  Then  the  reduced  flange  d  b'  is  (6.4 -t- 1  ^)  7.4  inches  wide, 
and  the  reduced  section  consists  of  the  two  rectangles  ci  b'  and  cd.  Assume 
any  datum-line,  as  e  f  at  the  upper  edge  of  the  section,  and  bisect  the 
depths  of  the  rectangles,  or  take  the  intersections  of  their  diagonals  at  g  and 
/<,  for  their  centres  of  gravity.  The  distances  of  these  from  the  datum-line 
are  5^  and  1 1  inches  respectively,  and  the  areas  of  the  rectangles  are 
zi  X  I  s  II  square  inches,  and  7.4  x  i  s  7.4  square  inches.   By  the  rule^ 
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Upper  rectangle,   11   x  s}4-  60.5 

Lower    da    7.4xxi>^»  85.1 

18.4  X  7.91  s  X45.6 

Showing  that  the  centre  of  gravity  of  the  reduced  section,  being  the  neutral 
axis  of  the  whole  section,  is  7.91  inches  below  the  upper  edge,  in  the  line 

//.  The  centre  of  gravity  of  the  entire  section,  it  may  be  added,  is  8.63 
inches  below  the  upper  edge,  or  .7a  inch  lower  than  that  of  the  reduced 

section. 

The  neutral  axes  of  the  other  sections.  Figs.  145,  found  by  the  same 
process,  are  marked  on  the  figures.  The  section  of  a  flange  rail,  No.  5, 
which  is  very  various  in  breadth,  may  be  treated  in  two  ways:  either  by 
prqpfliatcmly  averaging  the  projections  of  the  head  and  the  flange  into 

rectangular  forms;  or,  by  tiddng  it  as  it  is,  and  dividing  it  into  a  con- 
siderable number  of  strips  parallel  to  the  base,  for  each  of  which  the 
moment  with  respect  to  the  assumed  datum-line  is  to  be  found.  The  first 
mode  of  treatment  is  ajjproximate ;  the  second  is  more  nearly  exact. 

Ultimate  Stn-ni^th  oj  Beams  of  Un symmetrical  Section. — Resuming  the  J. 
section,  Fig.  146,  for  which  the  neutral  axis  has  been  ascertained,  to  find 
the  tensile  resistance,  divide  the  portion  below  the  neutral  axis  /,  Fig.  147, 
with  the  reduced  width  of  flange,  db\  into  parallel  strips,  say  }i  inch  deep, 


I — r 


9^ 


1 


J 


Figs.  146^  147,  T48.<— Btaaof  UnsynuMtrieil 


as  shown,  and  multiply  the  area  of  each  strij)  by  its  mean  distance  from  the 
neutral  axis  for  the  proportional  quantity  of  resistance  at  the  strip.  Divide 
the  sum  of  the  product  amounting  to  31.3,  by  the  extreme  depth  below 
the  neutral  axis — in  this  instance  4.09  inches,  and  multiply  the  quotient  by 
1.73  Sy  the  uldmate  tensile  resistance  at  the  lower  surface.  The  final  pro- 
duct is  the  total  tensile  resistance  of  the  section;  or, 

3'-3  ^  ^-73  ^ -  13.24  f  total  tensile  resistance. 
4.09 

Again,  multiply  the  area  of  each  strip  by  the  square  of  its  mean  distance 
from  die  neutral  axis,  and  divide  the  sum  of  these  new  products,  amount- 
ing to  104.64,  by  the  sum  of  the  first  products.  The  quotient  is  the  dis- 
tance of  Uie  resultant  centre  of  tensile  stress,  ^,  fiom  the  neutral  axis. 
Or,  the  resultant  centre  is, 

=  3.34  inches  below  the  neutral  axis. 
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This  process  is.  in  fact,  the  process  for  ftnding  the  centre  of  gravity  of 
all  the  tensile  resistances. 

By  a  similar  process  for  the  upper  portion,  in  compression,  the  sunri  of 
the  first  products  is  found  to  be  the  same  as  for  the  lower  part,  and  is  31.3. 
But  the  nuudmum  compressive  stress  at  the  upper  sux&ce  is  greater  thaik 
the  maximum  tensile  stress  at  the  lower  sur&ce;,  in  the  ratio  of  their  dis- 
tances from  the  neutral  axis;  or  it  is  1.73  ^  x2l5i 6=3.34  s,  and 

4.09 

3 '-3  ^  3'34'^-.  1^,24  Sf  total  compressive  resistance, 

which  is  the  same  as  tfie  total  tensile  resbtance,  in  conformity  to  the 
^neial  law  of  the  equality  of  tensile  and  compressive  stress  in  a  section. 
The  sum  of  the  products  of  the  areas  of  the  strips,  divided  by  the  squares 
of  their  distances  respectively  firom  die  neutral  axis,  is  164.90,  and  the 
resultant  centre,  ^,  is 

164.^0  _  ^  inches  above  die  neutxal  axis. 
3»-3 

The  sum  of  the  distances  of  die  centres  of  stress  or  of  resistance  finom 
the  neutml  axis,  (3.34  + 5.27  =  )8.6i  inches,  is  the  distance  apart  of  these 

centres,  as  represented  by  a  central  line,  i'^,  in  Fig.  147. 

AbbrtTtated  caiculation. — As  the  upper  part  of  the  section  is  a  rectangle, 
detailed  calculation  is  not  necessary,  for  its  resultant  centre  is  known  to  he 
at  two-thirds  of  the  height,  or  (7.91  >^  '■'^-)  5  27  inches  above  the  neutral 
axis.  The  average  resistance,  too,  is  half  the  maximum  stress, — namely,  that 
at  the  upper  edge, — which  is,  as  above  explained,  3.34  s  per  square  inch. 
The  area  of  the  rectangle  is  (7.91  x  z  =  )7.9i  square  inches;  and 

7-9^  ^^3-34  J  _     24  s  the  compressive  resistance, 

as  has  already  been  calculated. 

To  resume:  the  moment  of  tensile  resistance  is  13.24  jxS.6i  inches  = 

114    and  it  is  equal  to  — \  whence  W  =  — 1^ — 2;  or,  in  a  general  form, 

4  ^ 


w=iM   (,5) 


W  -  the  breaking  weight,  in  tons. 
S  =  the  total  tensile  resistance  of  the  section,  in  tons. 
-  the  vertical  distance  apart  of  the  centres  of  tension  and  compres 
sion,  in  inche& 
the  span,  in  indiCB. 

Strength  of  the  Beam,  Fig.  147,  inverted. — When  inverted,  the  maximum 
tensional  resistance  of  the  beam  at  the  lower  surface  in  Fi^  148,1^  i.j^i. 
Hie  area  of  the  rectangle     is  7.91  square  incfaesi  and 


7.91 


^^''^^  •  =  6.84  X,  total  tensile  resistance; 


which  is  only  about  half  the  tensile  resistance  offered  by  the  beam  in  its 
first  position,  Fig.  147.   The  breaking  weight  is,  therefore,  also  only  about 
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a  half;  and  the  reason  why  it  is  calculated  that  the  beam  bears  double  the 
breaking  weight  in  the  first  position  that  it  does  in  the  second  is,  that  the 
rectangular  portion,  c  /,  is  expected  to  oppose  at  least  twice  as  much  resist- 
ance, when  above,  to  compression  as  it  does,  when  below,  to  tension.  If 
the  effective  resistance  to  compression  were  onl)-  equal  to  the  resistance  to 
tension,  the  beam  would  have  the  same  ultimate  strength  in  both  positions. 

Rule. — To  find  the  Ultimate  Strength  of  a  Ilomogeneoiu  Jham  of  Unsym- 
metrical  Section,  i.  Reduce  the  section  to  a  section  of  uniform  potential 
resistance,  as  explained  at  page  514.  2.  Find  the  position  of  the  neutral 
axis  of  the  reduced  section  by  the  previous  rule.  3.  Divide  the  section  into 
thin  strips  parallel  to  the  neutral  axis;  if  such  division  has  not  already  been 
made,  for  Na  2.  4.  Multiply  the  areas  in  square  inches  of  the  strips, 
under  tensional  stress,  by  their  mean  distances  respectively  (that  is,  the 
distances  of  tlieir  centres  of  gravity)  from  the  neutral  axis.  5.  Multiply 
the  same  areas  by  the  sijuares  of  their  mean  distances  respectively  from  the 
neutral  axis.  6.  Divide  the  sum  of  the  first  products  by  the  extreme  dis- 
tance of  the  surface  in  tension  £rom  the  neutral  axis,  and  multiply  the 
quotient  by  the  ultimate  tensile  resistance  per  square  inch;  the  product  is 
^  total  tensile  resistance  of  the  section.  7.  Divide  the  sum  of  the 
second  products  ( 5 )  by  the  sum  of  the  first  products  ( 4 );  the  quo- 
tient is  the  distance  of  the  resultant  centre  of  tension  from  the  neutral 
axis.  8.  Multiply  the  ultimate  tensile  resistance  by  the  distance  of  the 
neutral  axis  from  the  upper  surface,  and  divide  the  jjroduct  by  the  distance 
of  the  neutral  axis  from  the  lower  surface;  the  quotient  is  the  maximum 
compressive  stress  at  the  upper  surface.  9.  Make  the  calculauons  4,  5, 
and  7  for  the  strips  under  compression.  10.  The  sum  of  the  distances  of 
the  resultant  centres  from  the  neutral  axis  is  the  distance  apart  of  the 
centres,  n.  Find  the  breaking  weight  by  formula  (25);  that  is,  multiply 
the  total  tensile  resistance  of  the  section  in  tons  by  this  distance  apart  of 
the  resultant  centres  of  tension  and  compression  in  inches,  and  by  4; 
and  divide  the  ])roduct  by  the  span  in  indies.  The  quotient  is  the  breaking 
weight  in  tons  at  the  middle. 

Note  to  Rule. — It  is  assumed  that  the  ability  of  the  beam  to  resist  com- 
pression is  sufficient  to  insure  that  fracture  shall  take  i)lace  by  tension. 
Beams  of  comparatively  slender  dimensions  laterally  are  liable  to  cant 
under  the  thrust  of  compression  if  not  supported  iateially,  and  canting 
occasionally  takes  place  in  beams  which  are  tested  experimentally.  But 
beams,  when  in  their  destined  places,  are  in  general  so  supported  that 
any  liability  to  canting  is  removed. 

Elastic  Streni:^h  of  Beams  of  Unsymmctrical  Section. — The  elastic  strength 
is  a}»])roximately  deducible  from  the  ultimate  strength,  according  to  the 
ordinary  ratio  of  one  to  the  other,  ascertained  exiterimentallv.  The  elastic 
strength  and  deflection  of  a  homogeneous  beam  of  any  section  is  the  same, 
whether  in  its  normal  position  or  turned  upside  down. 

FORMS  OF  BEAMS  OF  UNIFORM  STRENGTH. 

A  beam  is  said  to  be  of  uniform  strengtli  when  its  capability  of  resistance 
to  transverse  stress  under  a  given  load,  applied  in  a  given  manner,  is  the 
same  at  all  parts  of  its  length. 
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Semi-bbams  of  Uniform  Strxmgth  Loaded  at  the  End. 


,  i 

 •■ 

c:*  ^ — 

By  a  semi-beam  is  meant  a  beam  fixed  at  one  end  and  free  at  the  other; 
as  it  represents  the  half  of  a  beam  supported  at  both  ends. 

The  moments  of  stress  due  to  the  weight  on  the  end,  at  any  section  of 
the  beam,  increase  directly  as  the  distance  of  the  section  from  the  end  of 
the  beam.    Let  cb^  Fig.  149,  be  a  rectangular  beam,  fixed  at  the  base  cd, 

and  loaded  at  the  end  b.  Draw  the  dia- 
gonal straight  line  hd^  then  the  ordinates 
to  the  triangle  represent  proportionallx 
the  moment  of  stress  at  all  parts  of  the 
length;  and  the  moments  of  stress  vary 
directly  as  the  length.  Now,  the  ultimate 
moments  of  resistance  at  any  section  are 
as  the  square  of  the  depth,  when  the  breadth 
is  uniform;  and  it  follows,  conversely,  that 
the  depth  of  the  beam,  of  uniform  strength, 
must  vary  as  the  square  root  of  the  distance 
from  the  end  b.  Take,  for  instance,  the  sec- 
tion c'd  at  the  half-length  of  the  beam ;  the  moment  of  stress  at  is  to  that 
of  the  stress  at      as  1  to  ^ ;  and  the  required  depth  at  the  origin  cd,  is  to 

the  depth  at  (f  d\  as  \  to  \/  or  as  i  to  .707.  The  depth  rV, 
equal  to  .707,  would  be  the  depth  of  a  beam  of  uniform  strength,  at  that 
section.  The  depth  for  uniform  strength  at  any  other  section  may  be 
calculated  in  the  same  way;  and  the  form  of  the  lower  side  of  the  beam,  of 
uniform  strength,  is  that  of  a  parabola,  be" dy  of  which  the  vertex  is  at  the 
end.  h.  With  respect  to  transverse  resistance,  then,  the  semi-beam  would 
be  equally  strong  if  the  lower  portion  ^^1/  were  removed. 

Tlu  semi-beam,  rectemgular  in  section,  of  uniform  slrtitgih^  fixed  ai  one  end^ 
and  loaded  at  the  other  end,  havif^  ihe  braidfh  mtstani,  may  therefore  be 
moulded  in  depth  to  any  of  the  parabolic  outlines.  Figs.  1 50. 


ma 

at  the  end. 


No.  I. 


No.  a. 


Na> 


Figt.  15a — Semi-beams  loaded  at  one  end. 

When  the  depth  of  the  semi-beam,  rectangular  in  section,  is  constant,  the 
bre»dth  is  in  simple  proportion  to  the  distance  from  the  end  of  ihe  beam, 

as  in  Fig.  151,  and  the  l^eam  is  triangular  in  plan. 

Ji7/ty/  the  section  of  the  semi-beam  is  double-flanged,  or  is  hollow  rectanpilar, 
and  the  breadth  is  constant,  the  flanges  are  assumed  to  be  of  a  constant 
sectional  area.    Leaving  out  of  the  calculation  the  strength  of  the  vertical 
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web,  and  calculating  only  for  the  flanges,  the  moment  of  resistance  at  any 
section  is  as  ihe  depth,  and  the  form  of  the  beam  is  triangular,  as  in  Fig. 
152,  which  shows  a  semi-beam  with  double  flanges. 

If  the  strength  of  the  vertical  web  be  taken  into  the  calculation,  the  fonn 
of  the  beam  is  intennediate  between  the  triangular  and  the  parabolic 

Kg.  153. 


IVAtn  ihe  section  of  the  semi-beam  is  doubU-fianged^  or  is  hollow-rectangular^ 
and  the  de^h  is  amstant^  calculating  only  for  the  flanges,  Fig.  153,  their 
sectional  area  increases  uniformly  with  the  distance  from  the  end,  and  if 

their  thickness  be  uniform,  they  are  triangular  in  plan,  as  shown. 

If  the  web  be  taken  into  the  calculation,  it  is  calculated  as  a  solid  semi- 
beam  rectangular  in  section,  and  the  thickness  should  increase  as  the  dis- 
tance from  the  end.    The  web  would,  therefore,  be  triangular  in  plan. 

When  the  section  of  the  semi-beam  is  circular,  the  moment  of  resistance 
varies  as  the  cube  of  the  diameter,  and  the  rube  of  the  diameter  is  therefore 
as  the  distance  from  the  end;  or,  inversely,  the  diameter  is  as  the  cube 
root  of  the  distance,  and  the  outline  of  the  semi-beam  may  be  formed  by 
the  revolution  of  a  cubic  parabola  on  its  axis,  Fig.  154. 

Wheji  the  section  of  the  semi-beam  is  annular;  when  the  thickness  is  uniform 
and  small  in  proportion  to  the  diameter,  the  square  6(  the  diameter  varies 
as  the  distance  from  the  end,  or  the  diameter  varies  as  the  square  root  of 
the  distance,  and  the  semi-beam  is  formed  by  the  revolution  of  a  parabola 
on  Its  axis. 

If  the  thickness  varies  with  the  diameter,  the  diameter  varies  as  the  cube 
root  of  the  distance  from  the  end,  and  the  semi-beam  is  cubic-parabolic, 

like  Fig.  154. 

IVhen  the  section  of  the  semi-beam  is  dliptieal^  the  sections  being  similar  at 

all  points  of  the  length,  the  cube  of  the 


depth  varies  as  the  distance  from  the  end, 
or  the  depth  varies  as  the  cube  root  of  the 
distance,  and  the  elevation  of  the  beam  is 
cubic-parabolic,  like  Fig.  1 54. 

When  the  section  of  the  sem-beam  is  holhuh 
elHpticaif  the  beam  being  of  similar  sections 
throughout  When  the  Siickness  is  uniform, 
and  is  small  in  proportion  to  the  depth,  the 


square  of  the  depth  varies  as  the  distance    Fig.  is4.->Seiiii'beani  ioaded  at  one  and. 

from  the  end,  or  the  depth  varies  as  the 

square  root  of  the  distance,  and  the  side  elevation  of  the  beam  is 
parabolic 


Digitized  by  Google 


$20 


THE  STRENGTH  OF  MATERIALS. 


If  the  tfaidmess  vsries  with  ihe  dqith,  the  dcffh  varies  as  the  cube  loot 
of  the  distance  from  the  end,  and  the  beam  is  cabiopaiabolic  m  side 
elevation,  like  Fig.  154. 

Semi-beams  or  Univcwm  Strength  Uniformly  Loaded. 

The  moment  of  stress  due  to  the  weight  when  uniformly  distributed 
increases  as  the  square  of  the  distance  from  the  end  of  the  beam,  as  will  be 
shown  in  the  following  case: — 

IV/km  the  semi-beam  is  rectangular  in  section^  and  iis  brtaiih  is  consteuU. 

Suppose  the  load  equally  divided  and  distributed  as  a  great  number  of 
weights,  W,  VV,  W",  &c.,  Fig.  155  ;  and  suppose  the  beam  to  be  divided 
into  an  equal  number  of  c  orresponding  sections  at  c,  c'\  c"\  &c.  The  loads 
supported  by  the  su(  ccssi\ c:  sections  are  VV,  2  W,  3  W,  &c. ;  the  distances 
of  the  centres  of  gravity  of  these  loads,  from  the  respective  sections,  are  as 


Figs.  SS5*  isA^—Scini>beuwiiBiliHnIy  loaded. 


I,  2,  3,  &c.  Therefore,  the  moments  of  stress  at  the  successive  intersec- 
tions, c\  c'\  c"\  (^c,  are  as  i^,  2-,  3',  &c.,  or  as  the  scjuare  of  the  distance 
from  the  end.  But  the  moments  of  resistance  at  the  intersections  are  as 
the  squares  of  the  depths  at  c\(f^c"\  <S:c.;  ;uid  so  the  square  of  the  depth 
is  as  the  square  of  the  distance,  or  the  depth  is  as  the  distance  from  the 
end.   The  beam  is  therefore  triangular  in  devation. 

When  the  semi-beam  is  rectangular  in  section^  and  has  the  depth  constant^ 
Fig.  156.  As  the  dei)th  is  constant,  the  breadth  must  increase  as  the  square 
of  the  distance;  and  it  may  be,  in  outline,  of  the  form  of  two  parabolas 
be,  be\  back  to  back,  toui  limi;  each  other  at  their  vertices  at  b\  the  axes 
being  jfcrpendicular  to  tlie  length. 

When  the  seetion  of  the  semi-beam  is  ho/iow-redangulary  or  is  double-flanged; 
and  the  breadth  is  amstant.  Calculating  the  strength  of  the  upper  and  lower 
members,  or  flanges,  only,  and  supposing  the  tluckness  to  be  uniform,  the 
moment  of  resistance  is  as  the  depth;  the  depth  is,  dierefore,  as  the 
square  of  the  distance  from  the  end,  and  is  of  the  form  of  a  parabola, 
Fig.  157,  of  which  the  vertex  is  at  b,  and  the  axis  is  perpendicular  to 
the  length. 

Calculating  the  strength  of  the  ^vertical  webs  or  nb  only,  tke  beam  would 
be  triangular  in  side  elevarion. 

Combining  the  webs  and  the  flanges  in  the  calculation,  the  form  of  the 
beam  would  be  intermediate  between  the  parabolic  and  the  triangular. 

2d.  IF/iefi  ihe  depth  is  eonstani.  Calculating  for  the  flanges  only,  the 
thickness  being  uniform ;  the  breadth  of  the  flanges  is  as  tiie  square  of  the 
distance  from  the  end,  Fig.  158,  the  same  as  in  Fig.  156. 
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If  the  vertical  web  or  rib,  of  uniform  thickness,  be  included  in  the  calcula- 
ticm,  it  does  not  materially  modify  the  foim  of  the  flaage. 

H^m  the  secHm  of  the  semi-beam  is  drtular.  The  momciit  of  vesistanoe 
is  as  the  cube  of  the  diameter,  and  the  moment  of  stress  is  as  the  square 
of  the  leqgth;  therefore  the  cube  of  the  diameter  is  as  the  square  of  the 


length,  or  the  diameter  is  as  the  cube  root  of  the  square  of  the  length,  or 
as  the  yz  power,  or  .666  power  of  the  length.  The  solid  is  formed  by  the 
revolution  of  a  semi-cubic  parabola  on  its  axis. 

When  the  seetim  the  semi-beam  is  annular^  the  thickness  being  uniform 
and  small  compared  to  the  diameter.  The  moment  of  resistance  of  any 
section  is  as  the  square  of  the  diameter.  The  square  of  the  diameter  is, 
therefore,  as  the  square  of  the  length,  or  the  diameter  is  as  the  length,  and 
the  semi-beam  is  triangular  or  conical  in  elevation,  Fig.  159. 

When  the  thickness  diminishes  with  the  diameter,  the  moments  of  resist- 
ance of  sections  are  as  the  cubes  of  the  dia- 
meters, and  the  diameter  varies  as  the  fi 
power,  or  .666  power  of  the  length,  as  with  a 
solid  circular  section,  and  the  form  is  derived 
from  the  revolution  of  a  semi-cubic  parabola 
on  its  axis. 

IVhm  the  section  of  the  semi-heam  is  elliptical. 
The  moment  of  resistance  of  a  section  is  as 
the  cube  of  the  depth,  and  the  form  is  the 

same  as  that  of  a  circular  beam.  Fig.  159.— Annular  Semi-beam 

When  the  seeOau  of  the  semi-bmm  is  hoBouh  «miibniay  loMicd. 

dSptieoL   The  form  is  the  same  as  that  of  a  beam  of  annular  section. 


Beams  of  Uniform  Strength  Supported  at  Both  Ends. 


The  forms  of  beams  sup})orted  at  both  ends,  and  loaded  at  the  mitldle, 
are  simply  doubles  of  the  forms  of  semi-beams,  or  such  as  are  fixed  at  one 
end  and  unsupported  at  the  other  end.  In  the  beam  of  rectangular  section, 
for  example,  a  b,  Fig.  160,  the  diagonal  lines,  ca  and  cb^  from  the  top  at  the 
middle  to  the  supports  at  each  end,  are  simply  doubles  of  the  diagonal  bd^ 
in  the  semi-beam.  Fig.  149,  and  represent  the  graduated  moment  of  bending 
stress  from  the  middle,  where  it  is  a  maximum,  to  the  ends,  where  it  vanishes; 
and  the  parabolic  curves  ca  and  cl\  meeting  base  to  base  at  the  middle  cd^ 
form  the  outline  of  the  rectangular  beam  of  uniform  strength,  when  the 
breadth  is  constant. 

The  beam^  rectar^uktr  in  section,  of  uniform  strength^  loaded  at  the  middle. 
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and  having  breadth  emsUmtf  may  tiberefore  be  moulded  according  to  any  of 
the  parabolic  forms,  Figs.  i6i,  162,  163,  hftving  the  axes  horizontal,  and 
the  vertices  at  the  points  of  support 


in  rectangular ' 
•it  both  cods. 


Fig.  s6t.— B«uii  k»ded  «t  die  niddk. 


When  a  rectangular  heam^  with  a  constant  breadth,  is  haded  umfifmtfy; 
referring  to  formula  (5 ),  page  508.  When  the  weight  is  constant,  together 
with  the  breadth  b^  and  the  length  /,  the  square  of  the  depth,  4^,  vanes  as 


the  products,  JW «,  of  the  segments,  m  and  «,  of  the  length  of  the  span  at 
any  point  of  the  length.  Or,  the  depth  varies  as  the  square  root  of  the 
product  of  the  segments,  and  the  form  of  the  beam.  Fig.  164,  is  a  semi- 
ellipse.   It  may  be  a  complete  ellipse^  Fig.  165. 


For  a  rectangular  bmm,  with  a  tonstant  depths  and  totaled  at  the  middle^ 
the  form  of  the  breads.  Fig.  166,  is  a  double  of  Fig.  151,  page  519;  con- 
sisting of  two  triangles,  in  plan,  united  at  their  base. 


Fig.  166.— BcRJn  kwded  at  the  aiddl*. 


Fig.  167. — Beam  unifbcinly  loaded. 


When  a  reetangidar  beam,  with  a  constant  d^h,  is  mi/orm/y  loaded; 
referring  to  the  formula  (  5  )  above  noticed,  the  variables  are  the  breadth  b 
and  the  product  mm,  and  the  breadth  varies  as  the  product  of  the 
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Segments  of  the  length  of  the  spaa  at  any  point  of  the  length.  The  form  of 
the  breadth  in  plan  is  therefore  diat  of  two  parabolas  having  their  vertices 

at  the  middle  and  meeting  at  the  points  of  support,  Fig.  167. 

A  ho/lim<-rcrtani^lar  or  doublt-Jiartj^eJ  beam  ivith  a  constant  breadth,  and 
loaded  at  the  tmddU\  consists  of  the  double  of  Fig.  152,  page  519;  being  two 
triangles  united  at  their  base,  at  the  middle,  Figs.  168,  169.  In  this  and 
the  three  following  cases,  the  resistance  of  the  flanges  only  is  calculated; 
and  the  flanges  are  supposed  to  be  of  uniform  thickness. 


FIgi.  itfS.  169.— Beans  loaded  tt  the  middla. 


When  a  holloiv-rectangular  or  doublc-flangcd  beam,  loith  a  constant  breadth^ 
is  uniformly  locuicd ;  the  depth  varies  as  the  product  of  the  segments  of  the 
beam  at  any  point  in  the  span;  and  the  side  of  the  beam.  Fig.  170,  is  of  the 
form  of  a  parabola,  having  its  axis  at  the  middle.  The  resistance  of  the 
flanges  only  is  here  calcubSed. 


F%.  17a.— Beam  aaMNinhr  leaded.  Vlf  .  171.— Beam  loaded  at  die  noddle. 


A  hollou'-rectang^tlar  or  a  double-flanged  beam,  with  a  constant  depth,  and 
loaded  at  the  middle^  consists  of  the  double  of  Fig.  153,  page  519;  the  tiangcs 
being  of  uniform  thickness,  and  fonning  two  triangles  in  plan,  joined  at 
their  base  at  the  middle  of  the  beam.  Their  form.  Fig.  1 7 1,  is  the  same 
as  that  of  a  rectangular  b«un,  with  a  constant  depth,  Fig.  166. 

When  a  holloiv-rectangular  or  a  double-flanged  beam^  with  a  constant  d^th^ 
is  uniformly  loaded^  the  form  of  the  flanges  in  plan  is  the  same  as  that  of  a 
rectangular  beam  (Fii^^.  167),  consisting  of  two  parabolas,  having  their  vertices 
at  the  middle  of  the  beam,  Fig.  172. 


T%.  tja.— Beam  mufomly  biaded. 


Fif.  r73.— Beam  loaded  at  the 


When  the  section  cf  the  team  is  dtadar^  and  the  load  is  at  the  middle,  the 
form  is  the  double  of  Fig.  154,  page  519,  consisting  of  the  revolutions  of 
two  cubic  parabolas,  base  to  base,  at  the  middle,  Fig.  173. 
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IVAen  u  beam  of  dmtlar  section  is  un^ormly  loaded^  the  cube  of  the 
diameter  varies  as  the  product  of  the  segments  of  the  length  of  the  span  at 
any  point  in  the  length;  aod  the  zadiiis  varies  afi  tb£  cube  xoot  of  the 
product  of  the  segments. 

When  t/ic  section  of  tJw  beam  ls  annuiar^  and  tlic  load  apj^lud  ai  tiu  middle, 
the  form  is  that  produced  the  revolution  of  tvo  parabdas,  btte  to  \mib, 
with  timr  Tcrtices  at  the  ends  of  the  bean.  The  thkknewt  is  supposed  to 
be  inconsiderable. 

When  the  annular  beam  is  uniformly  loaded,  the  square  of  the  diameter 
TSries  as  the  product  of  the  segments  of  the  length  of  the  span  at  any  point 
in  the  length  ;  and  the  rndius  varies  as  the  square  root  of  the  product  of 
the  segments.  The  form  of  the  beam  is  that  produced  by  the  revolution 
of  an  ellipse  on  one  of  its  axes. 

When  the  section  of  t lie  beam  is  elliptical^  and  the  load  applied  at  the  middle, 
the  form  is  that  of  two  cubic  parabolas  joined  base  to  base. 

When  the  beam  of  dlipticiU  sectum  is  tenifirmly  loaded,  die  form  is  that  of 
an  ellipse. 

When  the  section  of  the  beam  is  hoSouhellipticaly  and  the  load  applied  at  the 
middle,  and  the  thickness  is  uniform,  and  is  small  in  proportion  to  the  depth, 
the  form  of  the  beam  is  that  of  t^vo  parabolas,  united  base  to  base,  having 
their  vertices  at  the  i)oints  of  support. 

If  the  thickness  varies  with  the  depth,  the  forms  are  cubic  parabolas. 

When  the  hollow  beam  of  elliptical  section  is  wnfmnly  loaded,  the  form  of 
the  beam  is  ellipdcaL 

Beams  of  Uniform  Strength  under  a  Concentrated  Rolling  Load. 

Reverting  to  formula  (5),  page  508,  it  signifies  that  the  breaking  weight 
varies  inversely  as  m  x  or  the  product  of  the  segments  of  the  length  of 
the  span,  at  any  point  of  the  length ;  but  if  the  weight  be  constant,  the 
moment  of  stress  at  any  point  is  as  the  product  m  x  //,  and  therefote,  also, 
the  moment  of  resistance  of  a  beam  of  uniform  strength  varies  as  x  at 
ail  ])()ints  of  its  length. 

IloUoiV-rectam^ular,  or  flam^eJ  beam,  with  a  constant  breadth,  under  a  con- 
centrated rolling  load.  Calculatmg  the  resistance  of  the  booms  or  flanges 
only,  the  depth  varies  as  w  x  ir,  and  is  according  to  the  form  of  a  parab^a, 
of  which  the  axis  is  v^cal,  when  the  upper  or  lower  side  is  horijsontal, 
Figs.  174,  175;  or  of  two  parabolas,  on  the  same  axis,  meetmg  at  the 
points  of  support 

Under  these  conditions,  the  sectional  area  of  the  flanges  is  constant 


Figs.  174, 175.— Fhnfed  Beant  under  m  Coooentntcd  RoOii^  Lead. 


IfoUouhreaangular  or  flanged  beam,  with  a  constant  depth,  or  paralld 
flanges,  wider  a  coneenirated  rolling  had.  The  breadth  varies  as  m  x  n,  and 
tile  flanges,  supposed  to  be  of  unifbim  depth,  are  of  the  form  of  two 
parabolas  on  the  same  axis  passing  through  tiie  middle,  Fig.  17S9  page  593. 
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S/r<rss  in  the  atri'ed  flange.  Figs.  174,  175.  Mr.  Stoney  gives  a  simpk 
means  of  finding  the  stress  diagramatically.  Let 
A  B,  Fig.  176,  represent  the  horizontal  stress, 
which  is  untform  throughout  the  length.  Dcaw 
A  c  paiallel  to  the  tangent  of  the  curve  at  the 
given  point,  and  BC  perpoidicular  to  A  B.  Then 
AC  is  the  maximum  longitudiaal  stress  at  the 
given  point,  and  a  b  and  b  c  are  its  horizontal 
ami  vertical  romponcnts.  It  follows  that  the  sec- 
tion of  the  curved  Hange  should  increase  as  it  approaches  the  points  of 
support  in  proportion  to  a  c,  or  the  secant  of  the  angle  a. 


I  j6.— Diagram  flor ! 


SHEARING  STRESS  IN  BEAMS  AND  PLAT&GIRDERS. 

Shearing  stress  in  beams  is  caused  by  the  vertical  pressure  of  the  load. 
A  conception  of  this  stress  is  easily  formed  on  reflecting  that  the  weight  of 
the  beam  and  its  load  tends  to  force  it  downwaids  at  die  abutment,  wfaitot 
the  abutment,  by  its  upward  pressure,  tends  to  force  upwanls  the  part  of 
die  beam  which  rests  on  it.  The  stress  thus  caused  tends  to  a  vertical 
rupture,  or  slicing  off  of  the  loaded  end  of  the  beam,  called  shearing  stress. 
The  same  kind  of  stress  acts  with  various  intensity  in  the  ])ortion  of  the 
beam  between  the  abutments,  and  it  is  the  duty  of  the  web  to  resist  the 
shearing  stress. 

In  a  beam  supported  at  one  end,  and  loaded  at  the  other  end,  the  vertical 
shearing  stress  is  equal  to  the  weight,  at  eveiy  point  of  the  length. 

In  the  same  beam,  uniformly  loaded,  the  shearing  stress  increases 
uniformly  from  the  end,  where  it  is  nothing,  to  the  abutment,  where  it  is 
equal  to  the  weight,  k  diagram  indicating  the  gradations  of  stress  would 
have  the  form  of  a  triangle. 

In  the  same  beam,  uniformly  loaded,  and  also  weighted  at  the  end,  the 
sheanng  stress  is  represented  by  a  compound  diagram.  Fig.  177,  in  which 
the  triangle  abc  represents  die  graduated  shearing  stress  due  to  a  uniform 
load,  in  a  beam  of  the  length  ab\  and  the  rectangle  abde^  the  uniform 
shearing  stress  due  to  a  weight  at  the  end.  The  whole  depth  at  the 
abutment  represents  a  total  shearing  stress  equal  to  the  sum  of  the  dis- 
tributed and  end  loads;  and  the  totsd  stress  at  intermediate  pomts  is  repre- 
sented by  the  corresponding  ordinates. 


F%.  177. 


Pif .  tySi— Sbawing  SticM. 


In  a  beam  supported  at  both  ends,  and  loaded  at  any  point,  the  shearing 
stress  in  each  segmem  is  equal  to  the  pressure  on  its  abutment  The 
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pressures  at  a  and  Fig.  1 78,  are  as  the  segments  m  and  and  the  shearing 
Stress  in  the  segments  ad  and  d/f  aie  equal  to  W  x  -j-  and  W  x  repre- 
sented by  the  graduated  rectangles  on  a^and  dfi. 

When  a  concentrated  load  is  moved  over  the  beam,  the  shearing  stress 
in  each  segment  varies  as  the  length  of  the  other  segment: — from  o  to  W, 
the  weight;  represented  by  the  two  graduated  triangles,  abc^abd^  Fig,  17^ 
in  which  the  verticals  ac  and  bd^  at  the  ends,  represent  the  weight 


F%.  179.— Shearing  Stress.  Fig.  xSo.— Shearing  StretL 

When  a  number  of  weights  are  placed  irregularly  on  a  beam,  the  shearing 

stress  of  some  is  neutralized  more  or  less  by  that  of  others :  and.  referring 
to  any  given  section  of  the  beam,  the  shearing  stress  is  equal  to  the  differ- 
ence of  the  sum  of  those  portions  of  the  weights  placed  on  one  side  of  the 
section  which  are  conveyed  to  the  abutment  on  the  other  side,  and  the 
sum  of  those  portions  of  the  weights  on  the  other  side  which  are  conveyed 
to  the  abutment  on  the  first  side. 

When  a  beEun,  supported  at  both  ends,  is  loaded  unifoimly,  the  shearing 
stress  is  o  at  the  centre,  as  in  Fig.  180,  and  increases  uniformly  towards 
the  abutments,  where  it  is  equal  to  half  the  weight 

When  a  load  of  uniform  density,  as  a  railway  train,  traverses  a  girder, 
the  shearing  stress  at  the  front  of  the  train  increases  as  the  square  of  the 
length  of  the  loaded  segment.  Suppose  iliat  the  train  advances  from  b  to 
Fig.  181,  covering  the  whole  length,  the  curve  of  increasing  shearing  stress, 
is  parabolic,  having  its  apex  at  When  the  girder  is  wholly  covered, 
the  shearing  stress  follows  the  triangular  gradations  shown  by  dot-lines. 


Fig.  181.— Shearing  Stress.  Fig.  18a. —Shearing  Stress. 

When  a  fixed  uniform  load  and  a  rolling  load  are  combined,  the  maximum 
shearing  stress  to  which  the  girder  is  liable  at  different  points  of  its  length 
is  shown  by  the  combined  ordinates  in  Fig.  182. 

Sectional  arm  of  a  continuous  web  calculated  from  the  s/iearini^  stress. — 
"  When  the  flanges  are  parallel, '  says  Mr.  Stoney,^  "  the  theoretic  area  of  a 
continuous  web  may  be  calculated  from  the  shearing  stress  by  the  following 
rule: — 

Sectional  area  of  web  = 

unit^tress 

in  which  the  imit-stress  is  die  safe  tmit-stress  for  shearing.   This  gives  the 

*  Th£  Theory  of  Strains  in  Girders  and  Similar  Structures. 
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minimum  thickness,  which,  however,  is  often  much  less  than  a  due  regard 
for  durability  requires." 

"When  a  gnrder,  with  puallel  flanges  and  a  continuous  web,  is  loaded 
in  the  manner  described  below,  where  /  s  the  length,  and  /  =  the  safe 
unit-strain  for  shearing  forces  the  theoretic  quantity  ot  material  in  the  web 
would  be  as  follows:" — 


Kind  or  Loao. 

Theoretic 
vuanuKy  oi 
Material  in  a 
Cootinaotts 
Web. 

Prop<wtioaal 
numbers. 

Concentrated  rolling  load..  »  W 
Uniformly  distributed  load  «  W 
Distributed  roiling  load....  a  W 

W/ 

4/ 
W/ 

24/ 

12 
18 

6 

7 
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Compressive  strain  is  taken  as  equal  to  tensile  strain,  per  ton  of  direct 
stress  on  the  fibres,  and  the  strain  is  directly  proportional  to  the  stress^ 
within  the  elastic  limits.  When  a 
beam  is  deflected  under  a  load,  the 
lower  side  is  lengthened  and  the 
upper  side  is  shortened  in  propor- 
tion to  the  direct  stress  per  umt  of 
section  of  the  fibres. 

In  a  beam  of  uniform  strength, 
the  fibres  at  the  surface,  on  the  up- 
per and  lower  sides,  are,  by  the  de- 
finition, equally  stressed  and  equally 
strained  throughout  the  length  of  the 
beam;  and  the  form  assumed  by  a 
straight  parallel  beam,  when  deflected 
under  its  proper  load,  is  that  of  a  cir- 
cular arc. 

Let  ab  c  c\  Fig.  183,  be  a  parallel 
beam,  rectangular  in  section,  having 
a  constant  depth,  and  of  uniform 
strength,  when  loaded  at  the  middle. 
Let  its  lowc  r  side  assume,  by  deflec- 
tion, the  form  of  the  circular  arc 
ad  by  the  ends  ac\  be',  which  were  upright,  in  their  normal  position,  are 
now  convergent  in  the  positions  a^f,  be" ;  and  when  produced,  they  meet  at 
the  centre  of  the  arc,  O,  in  the  vertical  radius  d' O,  The  deflection  at  the 
centre,  dd*,  is  the  versed  sine  of  the  arc  Let, 


Fig.  183.— Deflection  of  a  Ream. 
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&  «  Ok  ndioB  Oi*, 

I  =  the  length  of  the  beam,  or  the  chord,  ah^ 

/  =  the  breadth  of  the  beam  at  the  middle, 

d  =  the  depth  of  the  beam  at  the  middle,  cd. 

a  =  the  sectional  area  of  the  beam, 

D  =  the  deflection  of  the  beam,  d d\ 

r  =  the  difference  of  length  of  the  upper  and  lower  sides, 

E  =  the  coefficient  of  elasticity,  or  the  denominator  of  the  fraction  of  the 
length,  by  which  the  beam  is  extended  or  compie^sed,  per  ton  of  direct 
stress  per  square  inch  of  section, 

/  =  the  direct  tensile  stress  on  the  extreme  outer  fibres,  in  tons  per 
square  inch, 

s"  =  the  direct  compressive  stress  on  the  extreme  outer  ^bres,  in  tons 

per  square  inch, 

W  =  the  weight  in  tons. 

Note. — The  dimensions  are  to  be  all  in  inches,  or  all  in  feet. 

By  the  properties  of  the  circle,  the  square  of  half  the  chord  is  equal  to 
the  j)roduct  of  the  versed  sine,  or  deflection,  by  the  diameter  minus  the 
deflection;  or 

( =D  X  (2  R  -  D);  or  sensibly  (^)  =  D  x  2  R;  and 

^=w-  (") 

Again,  by  similar  triangles,  in  Fig.  183,  Or*  :  Oa  :  :  :  ab',  ox;  in 
symbols,  K  :  d  :  :  i  :     substantially;  whence 

R=^'   -  -  (*> 

Substituting  this  value  of  R  in  equation  (a), 

Now,/*=^'^  X/       When  the  two  stresses,  /  and  i^,  aie  equal  to  eadi 

other,  let  them  be  represented  by  s.  When  they  are  not  equal  to  each 
other,  the  deflection  is  nevertheless  the  same  as  if  they  were  so,  and  that 
the  direct  tensile  and  compressive  stress  were  each  equal  to  the  mean  of 

j'  and  Z',  or  to  —I-—.    Putting  LJ^L  =  j,  then  /'  =        and,  substituting 

22  Jb* 

2  j/' 

this  value  of  /'  in  equation  (f),  D  =  s-j-^i  or, 




«d..=l«P.  <o 


uiyui^uu  Ly  Google 


DEFLECTION  OP  BEAMS  OF  RECTANGULAR  SECTION.  529 


Dbflection  of  Bbams  of  Rectangular  Section. 

No.  I.  Rectangular  beam^  of  constant  dcpth^  of  uniform  strength^  loaded  at 
the  middle^  Fig.  166,  page  522. — This  beam  is  double-triangular  in  plan. 
The  value  of  tlie  direct  stress  on  the  fibres  at  the  upper  and  lower 
sor&ces,  in  tenns  of  tbe  weight,  is,  by  formula  2,  page  507, 

 <^> 

Equating  this  value  of  s  and  the  above  value  (2), 

_^^^  =  i^^;  and,  W/»«4.6«^^»ED; 
1.155^1/*  /■ 

whence 

^  =  i62TZri' <-^> 
^,4-6ayED   

These  equations  express  the  relations  of  tiie  weight,  the  coefficient  of 

elasticity,  and  the  deflection. 

The  formula  (4),  for  the  value  of  the  detlection,  signifies  that  the  deflec- 
tion varies  directly  as  the  weight,  and  as  the  cube  of  the  span  ;  and  that  it 
varies  inversely  as  the  breadth,  the  cube  of  the  depth,  and  the  coefficient 
of  elasticity. 

Na  1.  JMangular  ham^  of  amstani  irmUA,  ef  uniform  strength,  haded  at 
the  middle^  FigL  161,  162,  163,  page  522. — The  form  of  the  beam  in  side 
elevation  is  parabolic.  The  average  depth  is,  by  the  properties  of  the  pam- 
bola,  two-thirds  of  the  depth  at  the  middle,  or  of  the  depth  of  the  circum- 
scribed rectangle;  and  the  beam  may  be  treated,  for  finding  the  deflection, 
as  a  parallel  beam,  or  beam  of  constant  depth,  having  two-thirds  of  the 
depth  of  No.  i  beam,  and  under  the  same  stress  on  the  extreme  fibres. 
As  the  strain,  and  the  difference  of  length  of  the  upper  and  lower  sides,  of 
the  suppositious  beam,  are  approximately  the  same  as  those  of  the  orighial 
beam;  and  as  the  deflection  is  inversely  as  the  depth  (see  equation 
page  588)»  or  as  two  to  three,  in  No.  t  and  No.  2  beams;  then,  modifying 

formula  (4), above,  "^-^^  -^^^  or,^ 

"■j.:^-  —  <" 

No.  3.  Rectangular  team,  ef  umfifrm  sectim,  haded  at  the  mtddU,  Fig. 
160,  page  522. — Compared  with  No.  x  beam,  Fig.  166,  No.  3  beam  is 
rectangular  in  plan,  and  contains  twice  the  surface  of  No.  i,  which  is 
triangular.  Under  a  given  weight,  therefore,  the  stress  on  the  extreme,  or 
surface,  fibres  of  No.  3,  averages  only  half  the  stress  on  those  of  No.  i. 
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The  deflection  would  also,  if  it  followed  the  same  proportion,  be  just  half 
tlut  of  Na  t.  But  it  must  be  more  than  half;  since  it  is  not  accoffding  to 
a  drcular  outUne^  but  follows  an  oudine  like  that  of  a  hyperbolic  section — 
the  curvature  being  localized  mostly  at  the  middle.  It  appears  from  ex- 
perimental results  tibat  the  deflection  may  be  approximately  taken  as  equal 
to  that  of  a  beam  of  No.  i  form,  and  the  formula  for  No.  i  is,  therefore^ 
provisioDally  adopted  for  No.  3,  until  more  complete  data  are  established: — 

No.  4.  Rectangular  beam,  of  cofistant  depth,  of  uniform  strerigt/i,  uniformly 
loaded,  Fig.  167,  page  522.  The  stress  in  the  upper  and  lower  surface  fibres 
of  No.  4  is  only  half  the  stress  in  those  of  No.  i,  under  equal  loads;  and 
thmfoie  also  the  deflection  is  only  halt  Doubling,  aoooidingly,  the  no- 
merical  ooeflSdent  of  formula  ( 4 ), — 

No.  5.  Rectangular  heam^of  muiant  breadth^  of  ttnifarm  strength^  uniformly 
loaded^  Figs.  164,  165,  page  522.  This  beam  is  elliptic  in  elevation,  and 
the  area,  and,  therefore,  the  average  depth,  are  four-fifths  of  those  of  the 
circumscribed  rectangle,  or  of  No.  4  beam.  Reasoning  on  this  beam,  as 
on  No.  2  beam,  the  deflection  is  five-fourths  of  that  of  No.  4  beam,  and 
the  numerical  coefficient  is  four-fifths ;  or, 

^^T^^  ^'"^ 

Na  6.  Rectangular  betm^  of  umftnrmseeHtmy  uniformly  loaded, — The  deflec- 
tion under  a  uniform  load  is  found,  by  experiments  with  timber,  lo  be 

about  flve-eighths  of  that  of  the  same  beam  loaded  with  an  equal  weight 

at  the  middle.   Increase,  therefore,  the  numerical  coefficient  for  Na  %  to 

fi 

eight-fifths,  or  (4.6a  x  —  = )  7.40: — 

5 

D=     V'-,.   (n) 

7.40  ^i/3£  \  / 


Deflection  of  Double-Flanged,  or  Hollow-Rectangular  Beams. 

No.  7.  DoubUflanged  beanty  of  cmsiant  de^hy  of  uniform  stretchy  haded 

at  the  middle.  Fig.  171,  page  523. 

\st.  Whai  the  strength  of  both  the  flanges  and  the  web  is  caleulaUd,  The 
value  of  s,  the  direct  stress  on  the  fil)res  at  the  Uf^per  and  lower  SUrfibCes^ 
is,  by  inversion  of  formula  ( 19 ),  page  511, 

in  which  d"  is  the  distance  aj)art  between  the  centres  of  the  flanges;  a  is 
the  sectional  area  of  one  flanj^e;  and  a"  the  sectional  area  of  the  web, 
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taking  the  height  of  the  web = d".  Equating  this  value  of  ^  to  the  value  (2), 
page  528,  in  tenns  of  tfie  deflection, — 

Here,  d  is  taken  as  equal  to  d";  whence, 

^~4^'-E(4tf+i.i5S«*) ^'^^ 

From  this  equation  it  may  be  infened  that  the  deflection  varies  inversely 
as  a  power  of  the  depth  greater  than  the  square,  and  ]ess  than  the  cube. 

2d.  If  the  strengjtii  €f  the  flange  alone  be  mieulated.  By  inversion  of 
formula  (20),  page  511, 

W/  /X 

 ^'^^ 

Equating  this  value  to  the  value  (2),  page  538, 

W7  ^4^"ED  and  W/>=i6a<^"'ED; 

whence, 

^•?6^    <'S> 

In  this  equation,  it  is  seen  that  the  deflection  varies  inversely  as  the  square 
of  the  depth. 

No.  8.  DouUe-flanged  demm,  {/anstant  bread  thy  of  uniform  strength  ^  loaded 
at  the  middle^  Figs.  168, 169,  page  523.  The  side  of  the  beam  is  triangular, 
and  the  average  depth  is  half  the  maximum  depth.  Reasoning  on  this  beam, 
as  on  No.  2  beam,  page  529,  the  deflection  is  found  to  be  ti^ice  that  of  No.  7 
beam.    The  numerical  coefficients  for  No.  7  are  therefore  halved,  and, 

ut.  When  the  strenph  of  both  the  web  and  the  flanges  is  calculated: — 

r._  W/3  .  . 

2d,  When  the  strength  of  the  flanges  only  is  eakulated: — 

No.  9.  Double  flanged  beam,  of  uniform  section,  loaded  at  the  middle,  ^  The 
superficies  of  the  flanges  is  double  that  of  the  triangular  flanges  of  No.  7 ; 
and  the  average  stress  is  a  half.  Reasoning  on  this,  as  on  No.  3  beam, 
the  deflection  is  taken  as  equal  to  that  of  No.  7  beam,  and  is  determined 
by  the  formula^i  (  13  )  and  (  15  ). 

Na  10.  Double-flanged  beam,  of  mutant  depth,  of  uniform  strmgih,  uni- 
formly loaded.  Fig.  172,  pa^e  523.  The  deflection  is  half  of  that  of  No.  7, 
with  equal  loads.  Doubhng  the  numerical  coefficients  of  the  formulas 
(13)  and  (15) — 

ist.  When  the  strength  of  both  the  flanges  and  the  web  is  calculated: — 

D-_— -Jli    (  18  ) 

8</'^'E(4a+i.i55tf^  ^  * 
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2d.  Whm  ike  strei^;th  of  the  flanges  mly  is  mUuiated,^ 


32 


(19) 


No.  II.  DoubU-flanged  bmm,  of  constant  breadth^  of  uniform  strengihy  uni- 
fifrmiy  loaded^  Fig.  170,  page  523. — This  beam  is  pandboUc  in  elevation, 
and  has  an  average  depth  two>thirds  of  the  nuudmum.  The  deflection  is 
three-halves  of  that  of  Na  10,  and  two-thirds  of  the  numerical  coefficients 
of  formulas  (18)  and  (19)  are  to  be  taken. 

I A  Whm  the  stren^  of  iHttA  the  flanges  ami  t/u  web  is  caiaUated^ — 


D  = 


5.33rf''E(4tf+i.i55«')' 

2d,  When  the  strength  of  the  flanges  only  is  caUuiated: — 


(20) 


No.  12.  Doubleflanged  beam^  of  uniform  seOion,  uniformly  loaded, — ^Increase 
the  numerical  coefficient  for  No.  9  to  eight^dfths,  as  was  done  conespond- 

8  8 

ingly  for  No.  6;  or  to  (4  x  —  = )  6.4,  and  (16  x  —  =  )  25.6. 

5  S 
\st.  When  the  Strength  of  both  the  flanges  and  the  web  is  ealeulaiedf^ 

D  =  ^  —  „    (  22  ) 


6.4^'''E(4rt+  1^.155 
2d.  Wfien  the  strength  of  tiu  flanges  otUy  is  caUuiated, — 

W/3 


D  = 


(23) 


25.6  d"^  E* 

Note. — As  to  double-flanged,  or  hoilaio- rectangular  beams,  Nos.  7  to  12.  It  has  been 
supposed,  for  convenience  of  investigation,  that  the  flanges  are  unilbnnlythick  ;  and  that 
the  vaziation  in  their  section  takes  phoe  entirely  in  the  breadth. 


Relative  D  (flections  of  the  ^  forms  of  beams,  both  soSd^eetangular,  and 
doiibleflofigcd, — The  deflectionssare  inversely  a.s  the  numerical  coefficients 
in  the  respective  fonnulas,  and  ar^  as  follows,  table  No.  169: — 

Table  No.  169. — Relative  DeflFction  of  Beams,  variously  Pro- 
portioned AyND  Loaded. 


 T" 

LOADCO  AT  THB  MlDDLB.  ^ 

Ractangular. 

Double-flanged. 

1.  Constant  depth,  uniform  strength,  * 

2.  Constant  breadth,  da 

3.  Uniform  section  

ratio. 

1.0     or  I 
1.5    or  \% 
V  1.0    or  t 

ratio. 

1.0    or  I 
2.0    or  2 
ijo    or  I 

Uniformly  L*)adbd. 

4.  Constant  depth,  uniform  strength, 

5.  Constant  breadth,  do. 

•5     or  % 

.625  or  % 

.625  or  ^ 

.5     or  % 
.75   or  H 
.625  or 
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No.  13.  D^tecHm  cf  a  CyHndrUal  Beam  €f  Uniform  Diameier, — ^By 

formula  (2),  page  528,  j  =  ^;  and  by  inverting  formula  (15),  page 
51^  f^—E- — T^*   Bquating  these  values  of 


W/ 


_^i£ED,  an(I,W/*=3.i4i6i/*ED. 


.7854  <^ 

Whence,  D»_2?^_   (24) 

D^ittum  of  Semi- Beams  and  Semi-Girders, — The  deflection  of  a  semi- 
beam  or  semi-girder,  loaded  at  one  end,  is  double  that  of  a  beam  of  twice 
the  length,  loaded  with  twice  the  weight,  at  the  middle: — comparing  beams 
and  semi-beams  of  the  same  princijjle  of  uniform  strength,  or  of  uniform 
section.  Therefore,  the  deflection  of  a  beam  loaded  at  one  end  is 
(2x2x23-)32  times  that  of  the  same  beaiu  supported  at  both  ends  and 
loaded  at  the  middk. 

To  find  the  deflectioo  of  semi-heams  or  semi-girdefs  uniformly  loaded; 
ascertain,  first,  the  deflection  as  found  by  the  rado  just  stated,  applicable 
when  the  load  is  applied  at  one  point;  secondly,  multiply  the  deflection 
thus  ascertained  by  the  respective  multipliers  subjoined.  The  product  is 
the  deflectioa  for  a  uniform  load: — 

Multipliers  for  Uniform  Loads. 

Reciant^ular  Doublc-flanged 
sectkai.  lectiqo. 

(Fig.  156)  For  constant  depth,  uniform  strength,...  .5  .5 
(Fig.  155)  For  constant  breadth,      do.         ...  .67  .76 
(Fig.  149)  For  uniform  section,  625  .625 

These  multipliers  have  been  deduced  by  the  consideration  of  average 
stress  combined  with  average  depth,  already  employed  for  beams  and  girders 
of  constant  depdi,  and  of  constant  breadUt 

UNIFORM  BEAMS  SUPPORTED  AT  THREE  OR  MORE 

POINTS. 

The  distribution  of  weight  of  a  continuous  beam  uniformly  loaded  on 
three  or  more  points  of  supjjort,  at  equal  s])ans,  is  deducil)le  from  the  laws 
that  regulate  tlie  deflection  of  such  a  beam  between  the  supports.  Let  the 
load  per  unit  of  length  -  w,  and  the  length  of  the  span  =  /;  then  the  total 
load  for  one  span  ^wL 

1.  Beam  of  two  equal  spans,  on  three  supports : — 

Weight  resting  on  1st  and  3d  supports,  =  f  wi. 
Do.       do.  2d  do.       =  Y 

2.  Beam  of  three  equal  spans,  on  four  supports: — 

Weight  resting  on  ist  and  4th  supports,  wl. 
Do.        do.     2d  and  3d     do.  w  I. 

3.  Beam  of  four  equal  spans,  on  five  supports: — 

Weight  resting  on  ist  and  5th  supports,  wl. 
Do.  do.  2d  and  4th  do.  =|^n'/. 
Do.       do.         3d  do.  ~\%wL 
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Deflection  of  ConHnwms  Beams  or  Girders, — When  a  continuous  girder, 
uniformly  loaded,  is  supported  at  three  points,  by  two  equal  spans,  the 
middle  portion  is  deflected  downwards  over  the  middle  pier,  and  it  sustains, 

by  suspension,  the  extreme  portions,  which  also  have  a  bearing  on  the  outer 
supports.  The  middle  portion  is.  by  deflection,  convex  upwards,  and  the 
outer  portions  are  concave  upwards;  and  there  is  a  point  of  "contrary 
flexure,"  where  the  curvature  is  reversed,  being  at  the  junction  of  the 
convex  and  concave  curves,  at  each  side  of  the  middle  support  This 
point  is  distant  from  the  middle  pier,  on  each  side,  one-fourth  of  the  span. 
Of  die  remaining  three-fourths  of  each  span,  a  half  is  carried  by  suspension 
by  the  middle  portion,  and  a  half  is  supported  by  the  abutment  Hence, 
the  distribution  of  the  load  on  the  supports  is  easily  computed,  as  given 
above.  The  deflection  of  each  span  is  to  that  of  an  independent  beam 
of  the  same  length  of  span,  as  2  to  5. 

In  a  beam  of  three  ecjual  spans,  the  deflecdon  at  the  middle  of  either  of 
the  side  spans  is  to  that  of  an  independent  beam,  as  13  to  25. 

In  a  long  continuous  beam,  supported  at  regular  intervals,  the  deflection 
of  eadi  span  is  to  that  of  an  independent  beam  of  one  span,  as  i  to  5. 

l  ORSIONAL  STRENGTH  OF  SHAFTS. 

Solid  Round  Shaft. — When  a  solid  round  shaft  is  subjected  to  torsional 
stress,  the  centre  is  a  neutral  axis,  about  which  the  intensity  and  the 
leverage  of  the  resistance  each  increase  as  the  radius;  and  the  two  in 
combination,  or  the  moment  of  resistance  per  square  inch,  increases  as  the 
square  of  the  radius.  Again,  the  ring,  or  annular  area  of  surface,  exposed 
to  stress,  increases  as  the  radius;  therefore,  the  moment  of  resistance  for 
ead)  ring  is  as  the  cube  of  the  raidius;  and  the  total  moment  of  resistance 
for  shafts  of  difiierent  diameters,  is  as  the  cube  of  the  radius,  or  of  the 
diameter. 

The  radius  of  the  resultant  ring  of  resistance  is  the  radius  of  gyration  of 
the  section,  being  the  same  as  that  of  a  circular  plate  revolving  on  its  axis, 
namely,  .7071  r,  the  radius  being  equal  to  r.  (See  page  28^.)  By  reasoning 
analogous  to  that  which  was  applied  to  the  transverse  resistance  of  beams, 
it  is  (kdudble  that,  whilst  the  resultant  radius  is  .7071  r,  the  intensity  of 
resistance  over  the  whole  sectional  area  of  the  shaft  may  be  taken  as 
equivalent  to  that  of  the  resistance  at  the  circumference.  The  ultimate 
moment  of  resistance  is,  then,  expressed  by  the  product  of  the  sectional 
area  of  the  shaft  by  the  ultimate  shearing  resistance  per  square  inch,  and 
by  the  radius,  and  by  .7071;  that  is  to  say,  by 

.7854 X  -X  A  X  0.7071; 

3 

or  by  .a784f»^,   (a) 

in  which  d » the  diameter  in  inches,  and  h  s  the  ultimate  shearing  resistance 
per  square  inch. 

The  moment  of  the  load  W  is  the  product  of  the  load  by  the  radius  R 
through  which  it  is  applied,  or  WR;  and,  WR  =  .378^'^;  or, 

W  =  :^,   (.) 
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that  is  to  say,  the  breaking  force  is  equal  to  the  product  of  the  cube  of  the 
diameter  by  ibe  ultimate  sheaiiiig  strength  per  square  inch,  and  by  .278, 
divided  by  the  radius  of  the  force:  Also, 

^=,.534  ^:^;    (,) 

^TSt?^  <3> 

Hollinu  Round  SJiafts. — The  diagonal  resistance  to  torsion  is  diminished 
by  the  hollowing  of  the  shaft;  and  in  the  absence  of  experimental  evidence, 
it  will  be  provisionally  assumed  that  the  torsional  strength  is  equal  to  that 
of  a  solid  shaft  of  the  same  diameter,  minus  the  resistance  contributed 
by  the  imaginary  core ;  though  this  assumption  can  afford  but  a  rough  ap- 
proximation for  a  rule.  The  stress  A'  at  the  circumference  of  the  core  is  less 
than  the  stress  h  at  the  outer  circumference  in  proportion  to  the  diameter,  or 

h  '.h!  wd .  d\  and  h'  =  h--^.    I'he  resistance,  W,  of  the  miaginary  core,  adapt 

a 

ing  formula  ( i ),  is 

W  =  -^1^/'^'.  and,  by  substitution  for  A',  W  =  '-^^l^^  ...  (d) 
The  strength  of  the  hollow  shaft  is,  therefore,  by  deduction, 

^  "   KT~"         Kd        '  ^' 


Kd 


(4) 


That  is  to  say:  Multiply  the  difference  of  the  4th  powers  of  the  outer  and 
inner  diameters  by  the  ultimate  shearing  strength  per  square  inch,  and  by 
.378,  and  divide  by  the  product  of  die  outer  diameter  and  the  radius  of  the 
force.    The  quotient  is  the  ultimate  torsional  strength  of  the  hollow  shaft. 

2d  Mdhod. — When  the  section  is  comparatively  thin,  the  material  may 
be  conceived  to  be  collected  at  the  circumference,  for  which  the  radius  of 
gyration  is  equal  to  the  radius  of  the  shaft.   Let  /  =  the  thickness,  then  the 

sectional  areas 3. 14  i/x/,  and  W»3.x4  4/x/x  i.  x^4-R;  or, 

8 

w-iiS^  (s) 

Square  ShtfiSn^'^Wit  calculable  moment  of  torsional  resistance  of  a  square 
shaft  is  greater  than  that  of  a  round  shaft  having  the  same  sectional  area, 
since  the  comers  of  the  square  project  farther  from  the  centre  than  any 
portion  of  the  circle.  On  the  contrary,  the  material  is  less  favourably  dis- 
posed for  resisting  torsional  stress,  as  the  corners  are  comparatively  unsup- 
ported. It  may,  therefore,  be  assumed  that  practically  the  torsional 
strength  of  a  square  shaft  is  equal  to  that  of  a  round  shaft  having  the  same 
sectional  area.    The  side  of  the  square  section  is  to  the  diameter  of  the 
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lound  sectioii  as  x  to  i.xaS;  and  putting  ^sthe  breadth  of  tiie  side,  and 
tff^the  diameter  of  the  equivaleiit  round  shaft»      i.isS  h,   Substitttte  this 

value  of  d  in  formula  (i);  then,  W»'^^^  ^  ^^'"^  or, 

W  =  :l^   (6) 

Inversely,  the  breadth  of  a  square  shaft  having  the  ultimate  torsional  stress 
W  R  is,  after  reduction, 

^-1.36    (7) 

That  is  to  say,  the  breaking  force  (6)  is  equal  to  the  product  of  the  cube 
of  the  breadth  of  the  shaft  by  the  ultimate  shearing  strength  per  square 
inch,  and  by  .4;  divided  by  the  radius  of  the  force. 

Also,  the  breadth  of  the  shaft  is  equal  to  the  cube  root  of  the  quotient 
obtained  liy  dividing  the  product  of  tiie  force  and  its  radius  by  the  shearing 
strength,  multiplied  by  1.36. 

Torsional  Deflection. 

When  a  round  shaft  is  twisted  by  torsional  stress,  the  angular  deflection 
within  the  elastic  limit  is  a})j)ruximately  proportional  to  the  twisting  force, 
and  to  the  length  of  the  shaft.  Let 

d    the  diameter  of  the  shaft, 

/=the  length  of  the  shaft  subjected  to  torsion, 

/i  =  the  shearing  stress  at  the  circumference  in  tons  per  square  inch 

within  the  elastic  limits, 
D-the  total  angular  deflection  of  the  shaft  subjected  to  torsion, 

expressed  in  parts  of  one  revolution, 

E'sthe  coefiicient  of  elasticity,  being  the  denominator  of  the  fraction 
of  the  length  by  which  the  circumference  of  the  shaft  is 
deflected,  or  the  ratio  of  the  length  to  the  circumferential  arc 
of  deflection  per  ton  of  shearing  stress  per  square  inch  at  the 
circumference. 

Rsthe  radius  of  the  force. 

Wsthe  twisting  force  in  tons. 

The  total  circumferential  deflection  is  equal  to 

and  if  the  circumferential  arc  of  deflecdon  be  divided  by  the  circumference^ 
equal  to  3.1416    the  quotient  is  the  angular  deflection,  or 

^=377:^  (8) 

and 

^  7     (9) 

Equating  this  vahie  of  A  and  the  previous  t«lue  of  ^,  (3 ). 
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3.i4i64fgD^Jjn^.  andWR/«.873  d^E'D; 

W-:iZ3^'Jii^    („) 

These  equations  express  the  retedons  of  the  weight  or  force,  the  coeffi- 
cient of  elasticity,  and  the  deflection  within  the  elastic  limits.   The  formula 

(lo)  for  the  deflection  signifies  that  the  deflection  varies  directly  as  the 
force,  and  as  the  radius  of  the  force,  or,  jointly,  as  the  moment  of  the 
force;  and  as  the  length  of  the  shaft;  and  that  it  varies  inversely  as  the 
4th  power  of  the  diameter,  and  as  the  c oethcient  of  torsional  elasticity. 

The  torsional  deflection  of  a  square  shaft  may  be  found  by  means  of  the 
same  formula,  substitutmg,  for  calculation,  a  round  shaft  of  equivalent 
strength. 

Tl^  torrional  deflection  of  round  and  square  shafts  varies  with  the  diameter 

in  the  same  ratio  as  the  transverse  deflection;  namely,  as  the  4th  power. 

Hi>ll(nv  Round  Shafts. — Equating  the  value  of  ^,  obtained  by  inversion  of 
formula  (4),  and  the  value  in  equation  (9): — 


.278 

whence 


W  R           3.i4i6^E'D      J  Air  D  7    o     /ju     j'lv  r\ 
(d^-d'*)  I  '  andWR/=.873(^^*-  d*)E  D; 


D  ^^^^    (13) 


STRENGTH  OF  TIMBER. 

A  number  of  delicate  experiments,  described  by  M.  Morin,^  were  made 
by  various  eiqierimentalists,  with  specimens  of  wood  of  different  kinds, 
unifoim  in  texture,  of  very  small  scantUng,  and  on  very  wide  spans,  loaded 
at  the  middle.  It  was  satisfactorily  proved  by  the  results  of  these  experi- 
ments: ist,  that  the  deflection  was  sensibly  proportioiial  to  the  load;  ad, 
that  the  compression  and  extension  were  nearly  the  same,  though  the  rom- 
pression  was  slightly  the  less;  3d,  that,  to  produce  eijual  deflections,  the 
load  when  placed  on  the  middle,  was  to  the  load  when  uniformly  dis- 
tributed, as  .O38  to  1,  or  as  5  to  7.84;  4th,  that  the  deflections  under  equal 
loads  were  inversely  as  the  breadths,  inversely  as  the  cubes  of  the  depths, 
uid  directly  as  the  cubes  of  the  spans. 

Thus,  the  correctness  of  the  principles  of  the  deflection  of  beams  under 
transverse  stress  is  established  by  the  results  of  most  careftilly  conduc  ted 
experiments;  though  in  ordinary  practice,  no  doubt,  there  are,  in  individual 
instanc  es,  considerable  decjrees  of  divergence  from  those  laws  of  deflection 
in  the  behaviour  of  timber,  which  are  attributable  to  the  want  of  unifonuity 
of  structure. 

*  Resistance  dcs  MaUnaux. 
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MM.  Chevandier  &  Wertheim,  who  have  made  many  experiments  on  the 
strength  of  timber,  arrived  at  the  following  general  oonclusions: — ist  That 
the  density  of  wood  varies  very  little  with  the  age.  2d.  That  the  coeffi> 
cient  of  elasticity  diminishes  after  a  certain  age;  and  that  it  depends  also 
on  the  dryness  and  the  aspect  of  the  ground  where  the  wood  is  grown. 
Woods  from  a  northerly  aspect,  on  dry  ground,  have  always  a  high  co- 
efficient, whilst  woods  from  swampy  districts  have  the  lowest  coefficients. 
3d*  That  the  cohesive  strength  is  influenced  by  the  age  and  the  aspect 
4tfa.  The  coefficients  of  elastid^  of  trees  cut  down  in  full  vigour,  and  of 
those  cut  down  before  they  amve  at  this  condition,  do  not  present  any 
sensible  difference.  5th.  That  diere  is  no  limit  of  elasticity,  properly 
so  called,  in  wood.    There  is  a  permanent  set  for  every  elastic  extension. 

A  condensed  table  of  the  results  of  their  e.xperiments  on  the  clastic 
and  absolute  strength  of  timbers,  is  given  in  the  section  on  the  elastic 
strength  of  timber.  It  may  be  added  that  the  same  woods  were  tested 
for  tensile  strength,  in  directions  at  right  angles  to  the  length  of  the  trees, 
in  a  radial  Une,  and  in  a  line  tangential  to  the  annular  layen.  The  average 
ultimate  strengths  were  as  follows: — 

Parallel  to  the  axis  of  the  tree,. . .3.08  tons  per  square  inch,  or  as  i 

Radially  305    „  „  „  Vio 

Tangentially  323    „  „  „  7,0,5 

Mr.  Laslett's  Experiments. 

The  recently  published  results  of  Mr.  Laslett's  experiments  on  the  strength 
of  timber,  afford  valuable  data  for  the  ultimate  strength  ot  Umbers.^  The 
specimens  tested  for  tensile  and  transverse  strength  were  a  inches  square. 
For  transverse  strength  they  were  7  feet  long,  on  a  6-foot  span,  with  the  load 
applied  at  the  middle;  and  for  tensile  strength  they  had  usually  a  dear 
length  of  30  inches.  The  specimens  tested  for  crushing,  or  compressive 
strength,  consisted  of  cubes  of  from  i  to  4  indies,  and  of  pieces  3  inches 

square  and  upwards,  of  various  lengths. 

Ens^lish  Oak. — Twelve  specimens  were  cut  side  by  side,  in  a  line  dia- 
metrically across  one  tree.  Six  on  one  side  of  the  centre  came  out  with  a 
long  clean  straight  grain;  six  on  the  other  side  had  a  wavy  and  twisted 
grain  with  a  short  fibre.  They  were  tested  for  transverse  strength;  the 
breaking  weight  varied  from  390  lbs.  to  740  lbs.,  and  the  ultimate  deflec- 
tion from  3.5  to  7  inches. 

Straight  Graia.   Wavy  Grain.  Together. 

Average  breaking  weight   562  lbs.     407  lbs.     484  lbs. 

Average  ultimate  deflection   5.10  in.      3-95  in.      4.52  in. 

Average  specific  gravity  858         .867  .862 

The  stronger  half-dozen  specimens  were  afterwards  tested  for  tensile 
strength.  The  results  are  given  in  table  No.  170,  together  with  a  selection 
of  results  of  sj)ecimens  from  two  trees  of  average  quality,  fairly  seasoned. 
The  tensile  strength  is  shown  by  the  table  to  increase  vi\\X\  the  specific 
gravity;  and  it  ranges  from  i  ton  to  4  tons  per  square  inch.   The  trans- 

'  Timber  and  Timber  Trees,  Xative  and  Foreis^t.  By  Thomas  Laslett,  Timber  Inspector 
to  the  Admiralty.  1875.  The  data  extracted  from  Mr.  Laslett's  work  are  here  published 
by  permiHum  of  the  propiicton  of  the  voile. 
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vene  strength  varies  proportionally  as  from  i  to  2.27;  and  the  deflection 
under  390  lbs.,  from  1.5  to  4  inches,  or  as  i  to  2.63. 


Ta.ble  No.  170. — Transverse  and  Tensile  Strength  of  English  Oak. 

(Reduced  bom  Mr.  Lasklt's  Esq>eriiDents.) 

First — Specimens  cut  from  one  side  of  a  tree. 


No.  of  Specimen, 
3  inches  sGii.irc.  1 
Span,  6  feet. 

Specific 
Gravity. 

Transverse  Strength.  1 

1 

I 

!  Tensile  Strtngtb 
per  Squan  inch. 

Deflec- 
tion under 
390  Ibt. 

Set  for 
390  lbs. 

Ultimate 
Deflec- 
Uoo. 

Breaking 
W««ht 

3   i 

4  

.900 
.900 

.854 

.864 
.838 
.791 

inches. 

2.00 
>  2.00 
1  2.25 

3.75 
4.00 

inches. 
— 

inches. 

7.00 

5.00 
A- CO 

5.00 
4.50 

lbs. 

740 
6^0  , 
620  1 

480 
430 

lbs.  tons. 

5,320  or  2.375 
4,400  „  1.964 
4,200  „  1.875 

4,340  „  1.938 
2,520  „  1. 125 

2,240  „  1. 000 

.858 

2.916 

5.10 

S62 

3,837  or  1.713 

Second — From 

• 

Total  Averages. 

two  trees, 

1.003 
1.005 
1.002 
.905 

.720 

.725 

good  av< 

1-75 
1.625 

1.50 

350 

3- SO 
3.25 

irage  qua 

.000 
.125 
.000 
.200 
.250 
.125 

ility,  moi 

9.25 

9.50 
8.75 

5.25 
7.00 

6.50 

derately  ! 

882 

977 
827 

590 

804 

797 

;easoned. 

8,890  or  3.969 
7,840  „  3.500 
8,400  „  3.750 
1  8,260  „  3.687 
6,160  „  2.750 
5,880  „  2.625 

.«93 

2.524 

.117 

7.71 

«i3 

7,571  or  3.380 

.876 

2.720  j  — 

6.40 

688 

5,704  or  2.546 

Danizic  Fir. — In  a  series  of  six  experiments  for  transverse  strength — 

The  specific  gravity  varied  firom  .478  to  .673;  avenge,  .582 

The  deflection  under  39olbs,  „    1.25102.25;      „      1.63  inches. 
The  set  under  390  lbs,        „    .000  to  .100;      „      .066  „ 
Ultimate  deflection  „    4.50106.15;      „      5.14  „ 

Breaking  weight  „    700  to  970;       „       877  lbs. 

In  experiments  for  tensile  strength — 

The  specific  gravity  varied  from     .512  to  .673;  average  .603 
The  breaking  weight  per  square  inch  i.o  to  a.o;      „     1.5  tons. 

The  lesbtance  to  crushing  of  i-inch,  a-inch,  3-inch,  and  4-inch  cubes  of 
various  woods  was  practically  the  same  per  square  inch  of  surface  for  the 
different  sizes  of  cube;  though  there  was  in  general  a  slight  difference  in 
iiavour  of  the  smaller  cubes. 

The  table  No.  171,  compiled  from  the  results  of  Mr.  I^islett's  experi- 
ments, shows  the  average  transverse  strength  and  tensile  strength  of  various 
woods,  hard  and  soft;  and  table  Na  179  shows  their  compressive  strength, 
or  the  resistance  of  cubes  to  crushing! — 
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Table  Nol  171. — ^Transvbrsb  and  Tbmsulb  Strbmoth  or  Tudbr. 

(Reduced  from  Mr.  Laslett's  data.) 

The  ipecimau  for  transverse  strength  were  supported  at  both  ends  and  loaded 

at  the  middle. 


Name  of  Timber. 


Sperimriw,  « inches  sqaare. 


Oak:— 

1-  V  i  <jne  side  of  tree 
I  other  side  of  tree 

Do  ^  

French  

Do.   

Tuscan   

Sardinian  

Dantzic  

Spanish  

American  White  

Do.  Baltimore  

African  (or  teak)  

Teak,  Moulmein  

Do.   

Iron  Woivl,  Barmah  

Chow,  Buraeo  

Greenhea  rt ,  G  uiana  ^  

Sabicu,  Culi.i  

Mahogany,  Siianish  

1 luiuluras   

Mexican  

Eucalyptus,  Anstralia: — 

Tewart  

Maho:;.iny  

Iroii-r.:ii  k  

blue  ( linn  

Ash,  Enj^lish    

Canadian  

Beech  

Ehn,  Engli>^]i  

Rock  Elm,  Canada  

Hornbeam,  England  

Fir,  Dantzic  

Riga  

Spruce,  Canada.  

Larch,  Russia  

Ccfl.Tr,  Ciihi   

Red  Pine,  (  an.ula   

Yello%v  i'lnc,  Canada.  

Do.  da   

Do.  ,lo  

Pitch  Pine,  American  

Do.  do.   

Do.  do. 
Kauri  Pine,  New  Zealand.... 


Tramvci&c  Strength. 


Aver- 
age 


Deflection. 
Span,  6  feel. 


spccihc 
Grav- 
ity. 1 

1 

Load, 

1  inches. 

 1 

.858 

2.92 

.867 

3.25 

2.52 

1.4^) 

1.082 

1.58 

.990 

2.61 

.8^6 

1.042 

1  C\'> 

1.92 

7a7 
•  /^/ 

993; 

2.25 

.770 

t  Ae 
1.05 

.809; 

1.94 

-  1 
I.I76 

.96 

I.I  16 

.92 

1. 1 

.017 

.06 

760 

1.208 

.659 

1.916 

.678 

I.  125 

1. 169 

1.27 

I. DID 

3.21 

I.  142 

•94 

1.029 

1.26 

.736 

1.62 

1 

.480 

• — • 

2,7s 

— 

4.90 

.74S 

."^^ 

1.63 

•54' 

1.29 

.4^4 

1-23 

.646 

«-57 

.439 

2.27 

.554 

1.67 

.435 

2.12 

•55' 

1.71 

•P 

2.o<) 

.059 

1.12 

.710 

1.24 

•538 

1.42 

.550 

1.39 

Set. 


Ulti. 
mate 

Deflec- 
tion. 


inches.  |  inches. 

5.10 

3.95 

/  •  /  * 
0.00 

7.58 

7.66 

6. 50 

6.46 
6.62 

8.83 

7.13 
5.14 
3.38 
6.49 


Bntlc- 

ing 
Weight 


.117 
.041 
.125 

•113 
.125 

.240 
.250 

.208 
.191 

.oso 
.0S3 
.083 

•033 
.025 

.066 

.033 

.025 

.oi>; 
.058 

.108 

.133 
.000 

.100 

.050 

.125 

1.300 
.290 

.066 
.092 

.055 
•«75 

.258 

•'33 

.714 

.706 

.075 
.063 

.104 

.125 


4.25 
2.83 
4.62 

3.75 

3-45 
4.06 

3.9* 

4^75 
4.71 

3-Si 
4.21 
8.63 

7^7 

§29 
8.79 

5-14 
3.63 
5.>9 
4.33 

4.37 
4.63 
4.66 

3.39 

3-  45 

4-  79 
4.67 

4.42 
4.00 


lbs. 
562 

t% 

831 

758 

758 

474 
562 

804 

1, 108 

1.273 

975 

i»333 
1,293 

856 

8^2 

783 

1,029 
6i>o 

1,407 
712 
862 
638 


393 
920 

600 
670 
626 

560 

653 
627 

483 
304 
1,049 
930 
744 
719 


Tensile  Streogth. 


Aver- 

Specific 
Grav- 
ity. 


.858 


r  scraare 
iacn. 


lbs. 

3.837 


.893  7,571 
.976  8,102 


.838 

.969 

.742 
.971 
.777 


1 .  1 76 

'•I34 
1. 141 
.917 

.765 
.659 

•655 


4.*<7 

7,021 

3.832 
7,052 

3.30« 

0,656 

5.558 

3,791 
2,998 

3,427 


.169  10,284 
.996  2,940 

.150  S,  ?77 
.O.J9  *'.o48 

.75^,  3,7^ 

.588  5.495 

•705 '4,853 

.642  5.4f»o 
.748  9,1  S2 
.S19  6,405 

4,o5» 
3.934 
4.ao3 


.60 


,1 

•553 
.484 
.649 

.469 

•553 


2,870 
2,705 


.551  «»759 

.552  2.259 

.65914,666 


tons. 

».7ii 
3-5i7 


1.882 
3.143 

1-443 
3.148 

1.474 

4-3" 
3214 

3-937 
2.481 

1.692 

1  338 
»  530 

4.59T 
1. 312 

3- 740 

2. 700 
1.687 

a.453 
2.166 

^•437 

4.  100  i 
2.860! 

1.44^  I 
1 .  8<.5S 

1.750 

1.876 

1. 28 1 
1.207  I 

1.231  ' 

1.008 

2.083 
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CRUSHING  RESISTANCE  OF  TIMBER. 


Table  Na  173.— Crvshino  IUsistancb  or  CoMFRESsm  Strength 

OF  Tuber. 

(Reduced  from  Mr.  Laslett's  data.) 


Nuie  of  Timber. 


Specimens-  i-inch,  2-inch, 

and  4-iiich  cubes. 


Oal^  English  (unseasoned) 
Do.  (seasoned)... 

French  

Tuscan  

Sardinian  

Dantzic  

American,  White  

Da  Baltimore 

Teak,  Moulmein  

Iron  Wood  

Chow  

Greenheart  

Sabicu  

Mahogany,  Spanish  

Honduras  

Mexican  

Eucalyptus,  Tewart  


Average 
Resistance 
per  sauare 
IBCtL 


2.194 

3-337 
3-547 
3^37 
2.604 

3.344 
2.709 
2.630 

3.559 

5.208 

5.621 
6.438 

3.776 
2.863 
2.853 
2.503 
4.174 


Name  of  TUnbtf. 

Specimens — i-inch,  2-inch, 
and  4-inch  cubes. 


Eucalyptus,  Mahogany. 

Iron-Bark.. 
Blue  Gum.. 

Ash,  English.  

Canadian,  , 

Elm,  English****.*  

Rock  

Hofnbcain. *.***.«. .«.*..... 

Fir,  Dantzic  

Riga  

Spruce  

Larch  

Cedar  

Yellow  Pine  

Pitch  Pine  

Kauri*  


A\  crage 
Resistance 
per  snuare 
incii. 


3.198 

4.601 

3.078 
3.109 

3.453 

2.583 

3-832 

3-7II 
3.102 

2.342 

2.166 

2.596 

2JOOO 

2.537 
1.877 
2.885 

a.867 


Crushing  Resistance  or  Columns  of  Wood. 

MngUsh  Oaky  3  inches  square: — 

per  square  tech. 

Unseasoned,  9  specimens*    8  to  16  inch,  high,  spec.  grav.  .922,  1.68  tons. 
Seasoned,     2     da,     17  and  18  „     „         „       .778,  2.53  „ 

Average  of  4  spedmens,  6  inches  square,  13  to  36  inches  high,     3.68  „ 
Da     4     dc,     9    „       „     latoai    „       „       2.85  „ 

One  specimen,   9x10  inches,  24  „      „       3.24  „ 

Two  specimens,...  loxii     „      18  and  21  »      ,,2.72,2.91  „ 

Jndian  Teak: — 

6  inches  square^  specific  gravity  .795  ^  4*3^  •> 

9  n  n  n  '^jS   3.81  „ 

Dantzic  Fir^  under  30  inches  high,  average  results:— 

6  inches  square,  specific  gravity  .600   3.897  ,, 

9x10  inches,          .  da         .608   » 

10  inches  square,        da         .660   1.812  „ 

10    „        „           da        .563   2.446  „ 

English  Oak  and  Fir  of  considerable  length  in  proportion  to  the 
scantling: — 


Digitized  by  Google 


542  THE  STRENGTH  OF  IIATBRIALS. 


EofUshOak, 
•  incMS  tquan. 

EncUsh  Oak, 
4  'mchet  ■qture. 

D«Btl 

acRr,  i 

k  Mima. 

1  .»ss 

.warn 

I  Fir. 

Spedfic 

Specific 

M    111  m 

Specific 

Crushing 

Crushing 

Weight 

Weight 

Weight 

Specific 

Weight 

• 

per  Muare 

per  square 
inch. 

Gntvitjr. 

Giavily. 

per  aquare 

toat. 

tOMk 

I 

3*37 

.756 

2.72 

3.4.7 

ft 

341 

— 

— 

.756 

3-»7 

— 

2.1 1 

3 

3-47 

— 

— 

.720 

2.97 

— 

2.88 

4 

» 

3.50 

— 

— 

.756 

3-44 

— 

2.25 

5 

M 

3-94 

— 

— - 

.669 

3-44 

— 

2.63 

6 

M 

3.73 

.64B 

3.25 

— 

3.8 1 

ff 

369 

— 

— 

.617 

3.78 

I 

9t 

3.63 

— 

— 

.621 

303 



2.75 

9 

jt 

— 

— 

.720 

3.03 

— 

2.50 

lO 

ff 

slipped. 
3.69 

— 

— 

.669 

3.13 

— 

2.00 

II 

n 

— 

— 

.736 

3.91 

— 

M4 

13 

.730 

3-44 

.774 

3.00 

— 

3.7S 



— 

.958 

1.60 

ll 

.972 

1.58 

— 



— 

— 

•934 

1.69 

— 

.636 



— 

— 

i8 

.720 

2.75 

1.72 

2.88 

347 

19 

^3* 

1.76 

20 

.973 

1.76 

-~" 

31 

.946 

33 

.932 

33 
34 

.720 

2.63 

.921 
1.003 

.684 

2.72 

1.73 

30 

.734 

344 

.663 

3.63 

1.84 

Mr.  Fincham's  Experiments  on  the  Transverse  Strength  of 

Soft  Woods.* 

Mr.  Fincham  made  many  experiments  on  3-mch  square  scantlings,  at 

spans  of  4  feet,  of  wood  of  three  degrees  of  seasoning: — "green"  wckxI, 
"  dry"  wood,  and  "very  dry  and  particularly  good"  wood.  Table  No.  173 
contains  results  of  his  experiments  on  very  dry  wood,  to  which  are  added 
the  average  results  for  the  same  woods  "green"  and  "  dry." 

These  results  show  that  the  ultimate  strength  of  the  woods  is  the  same 
whether  green  or  dry,  but  that  the  stifihess  is  materiimy  inaeaaed  by 
thorough  drying.  It  seems  from  the  experiments  that  the  elastic  limit  (h 
strengtili  of  dry  wood  is  about  a  half  of  the  breaking  strength,  and  that  the 
deflection  is  about  %  inch  for  a  load  of  .75  ton,  or  .64  inch  per  ton. 

Transverse  Strength  of  Beams  of  Large  ScANTLiNa 

Mr.  H.  H.  Madure  made  experiments  on  the  transverse  strength  of 
Memel  fir,  supported  at  both  ends,  and  loaded  at  the  middle;  for  the 
results  of  which  see  table  No.  174. 

'  Papers  on  Naval  Architecture,  voi  L 
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Table  No.  173. — ^Transverse  Strength  of  Soft  Woods  (Very  Dry). 

<Redaoed  from  Mr.  Fuidiim*s  tabki.) 


Specimens  3  inches  square,  4  feet  span  ;  loaded  at  the  middle. 


Spedfic 

Load  1680  IIm., 
or  .75  too. 

Load  asao  lbs., 
or  i.ias  tons. 

«r  s.imimhl' 

Breaking 

Ddftioo. 

Defl'don. 

Set 

Dcfl'tion. 

Set 

Red  Pine  

Yellow  Pine... 
Norway  Fix.... 
oOOCCII  rUUt 

KmuL  

.610 

544 

•  439 
.5«7 
•453 
.579 

inch. 

;^ 

•  37 

•31 
.62 

.39 

inch. 
.00 
.01 

.07 

.01 
.02 
.00 

inch. 

'M 
•78 
.61 

inch.  > 

1 

.04 
.06 
.06 
.01 

•03 
.02 

'  inch. 
1. 00 

.86 
.50 

inch. 

•07 
.08 

.18 

.23 

.05 

lbs.  tons. 
4530,  or  2.022 

3780,  or  t.688 
2756,  or  1.230 
3292,  or  1.470 
2520,  or  t.125 
4110^  or  1.835 

Green,  Top  ... 
Do.,  Butt.... 

Do.,  Butt  

R€suUs/o 

:  -704 

% 

.541 

•5H 

r  tht  ab 

•75 

\ 

.48 
.37 

9V€  S 

.08 

.06 

•04 

.02 

.03 

ix  WaoA 

1  .94 
1  ^75 

•9a 

.70 

.64 

UHi 

•13 
.04 

.03 
.10 
.04 

derdiffe 

1.09 

1.35 
1.04 

•95 
.72 

rtmti 

.22 
.70 
.09 
.16 

.13 

3431.  or  1532 
3746,  or  1.672 

3050,  or  1. 361 

2945.or  I.315 

3498,  or  1.561 

Total  «veiiiees 

.576 

.54 

.04 

.79 

.07 

1.03 

.36 

3334.  or  1.488 

Table  Na  174. — Transverse  Strength  of  Membl  Fir,  1849. 

(Reduced  ftom  Mr.  H.  H.  Madure's  data.) 


Bnaddi  and  D^idi. 

S^aa.  1 

Ultimate 
Deflection. 

Calculated  Tensile 
Strength  per  square 
inch,  by  formula 

inches. 

inches. 

inches. 

pounds.  ton.s. 

inches. 

tons. 

1  X 

I 

16 

483,  or  .215 

•75 

2.978 

I  X 

I 

16 

450,  or  .aoi 

.75 

2.784 

a  X 

3 

33 

1910^  or  .853 

1.00 

3.953 

3  X 

3 

3a 

1311,  or  .584 

1.135 

3.033 

feet. 

3  X 

3 

9 

1 104,  or  .493 

3-5 

1.707 

1 : 

3 

9 

1482,  or  .661 

4.5 

3.389 

13 

13 

—  15.5 

3X> 

2.223 

9  ^ 

12 

12 

—  17.0 

2^5 

1-635 

12  X 

12 

12 

—  27.5 

3.25 

1.992 

Mr.  Edwin  Clark  ttsted  the  transverse  strength  of  red  pine  of  large 
scantling  selected  from  the  sraflroldin<;  employed  in  (constructing  the 
Britannia  Bridge  : — two  whole  balks  17  feet  long,  and  a  piece  cut  from  the 
centre  of  a  balk. 

Mr.  C.  Graham  Smith  gives  the  results  of  tests  for  transverse  strength  of 
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pine  tunber  of  large  scantling  at  liveipooL  The  pieces  weie  selected  as 
average  samples  fiom  caigoes.^ 

The  table  No.  1 75  contains  tiie  leading  lesuhs  of  die  experiments  of  Mr. 
E.  Claik  and  Mr.  C.  G.  SmidL 

Table  No.  175. — Transverse  Strength  of  Pine  and  Fir. 

(Rednoed  and  anaaged  fimm  the  cocperiii^  Edwin  Clark, 

and  of  Mr.  C.  Gfabam  Smith.) 

(Mr.  Edvmi  Clark.) 


Bftaddk  aad  Dtpdk 

i 

Spaa. 

Application 
of  the 
Load. 

1 

Elastic 
Strength. 

Dsflee- 
don. 

Breaking 
Weight. 

Ultimate 
Deflec- 
tioa. 

1 

R.-«io  of 
Elastic  to 
Breaking 

w^uT 

inches. 

tons. 

iachek 

tons. 

inches. 

per  opnt- 

American  Red  Viat 

I.     12   X  IS 

IC 

CentrCi 

^0 

1.00 

14.82 

4.00 

61 

(Sn.  cnr,.  .<oo) 

Do. 

2         12     X  12 

IC 

9.0 

1.25 

I  I  24. 

3.10  , 

6S 

(Spw  cr..  .S43) 

^a  » 

75 

Do. 

1 

3.0 

.6a 

3.39 

1.68 

(Mr.  C  G.  Smith.) 

Memel  Fir 

U 

4-,^'3  S><  13  s  j 
ffram  the  butt)  1 

las 

38.0 

.37 

61.00 

6a 

5-     »3-5x  13.5) 
(from  the  top)  \ 

10.5 

Do. 

38.0 

SI 

1  61.00 

63 

Baltic  Fir. 

6.      6   X  12 

12.25 

Centre. 

6.0 

.66 

8.50 

1.114* 

75 

7.      6    X  12 

12.25 

Da 

6.0 

.72 

ia5o 

1.93+ 

57 

Pitch  Pine. 

8.     6  X  13 

13.35 

Da 

5.0 

.38 

laa 

'•31 

50 

9.      6   X  12 

12.25 

Do. 

8.0 

•97 

!  10.5 

1. 31  + 

76 

10.     14    X  15 

10.5 

Da 

40.0 

•49 

i  60.0 

1. 14 

67 

11.     14   X  15 

10.5 

Do. 

350 

•49 

59.2 

59 

Red  Pine. 

12.      6    X  12 

12.25 

Do. 

50 

.70 

67 

13.      6    X  12 

12.35 

Do. 

50 

.70 

8.5 

1.94+ 

59 

Quebec  YeUow  Pine. 

14.      14    X  15 

10.5 

Distributed. 

350 

•39 

61.0 

58 

li    14  X  15 

Do. 

350 

•39 

61.0 

58 

16.     14    X  15 

10.5 

Centre. 

30,0 

.56 

38.3 

78 

17.     14    X  15 

ia5 

Da 

34.0 

Three  beams  of  oak,  mentioned  by  Mr.  Baker,'  appear  to  have  been 
broken  transversely  by  the  foDowing  loads  at  the  middle: — 

1.  I  inch  square  x  2  feet  span  212  tons  breaking  weight. 

2.  B}i  inches  square  x  ii  feet  9  inches  span  14.365        „  ^ 

3.  10  '/s  in.  wide  x  12X  in.  deep,  24  ft.  0  in.  span..  8.780  „ 


^  Sec  Mr.  Smith's  paper  on  Pin/'  Timber,  rend  before  the  student^  of  the  lostittltjon  of 

Civil  Knginecrs  in  1875,  and  published  in  Jini^tnccrtn}^^  vol.  xix.  page  392* 

*  On  Ike  Strengths  of  Beams,  Columns,  and  Archa.  187a 
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MM.  C^evandier  and  Werdiehn  tested  the  transverse  strength  of  rectan- 
gular beams  of  fir  and  oak  from  the  Yosges.^ 

Table  No.  176. — ^Transverse  Strength  of  Fir  and  Oak  from 

THE  VOSGES. 
(Reduced  from  MM.  ChevandBer  and  Wertlieiin^  data.) 


Breadth  and  Depth. 

'     c  II 
Span.  |1 

Fir. 

inches. 

inches. 

feet. 

114. 

X 

12.8 

4.2.64. 

.506 

10.0 

X 

1 1.2 

36x)8 

.54» 

8.8 

X 

9.6 

29.52 

•525 

6.7 

X 

77 

29.52 

365 

X 

4.85 

il 

-9-5-  , 

493 

9.7 

X 

2.16 

9.91 

479 

9.5 

X 

I.ll 

9.91 

Oak. 

X 

10.9 

18.04 

.958 

tl 

7.6 

X 

9.3 

18.04  f 

.922 

X 

8.6 

18.04 

.928 

6.3 

X 

74 

18.04 

.985 

54 

X 

6.3 

18.04 

.636 

3.26 

X 

3.20 

Q.84 

.759 

3.07 

X 

3.16 

8.20 

.685 

11.5 

X 

2.15 

18.04 

.824 

5.64 

X 

1.66 

9.84 

.712 

9.5 

X 

i.ii 

9.84 

Breaking  Weight  at 

the  middle- 


pounds,  luus. 

14,120,  or  6.30 

1 1,867,  or  5.30 
7,584,  or  3.38 
4,580,  or  2.04 

1,137.  or  .508 
2,017,  or  .900 
581,  or  .260 


17,356,  or 
iS,8i6^  or 
11,495,  or 

12,155,  or 

4,895,  or 

1,188,  or 
1,617,  or 

957,  or 
825,  or 

715,  or 


7.75 
7.00 

523 

543 
2.19 

•530 
.722 
.427 
.368 
.319 


Elastic  Strength  and  Deflection  of  Timber. 

Reverting  to  tiie  concittsioiiB  of  MM.  Chevandier  and  Wertheim,  on  the 
strength  and  thsAdty  of  timber,  page  538,  these  experimentalists  found 
that  there  was  no  limit  of  elasticity,  properly  so  called,  in  wood;  though 
there  was  a  permanent  set  for  ever>^  elastic  extension.   They,  nevertheless, 

adopted  empirically,  as  the  limit  of  elasticity  for  tensile  strength,  the  point 
at  which  a  set  of  '  '.,,;.cy>oth  of  the  length  is  accjiiired.  This  is  a  fanciful 
distinction,  for  a  set  of  i  in  20,000  parts  may  be  simply  the  eftect  of  a 
straightening  of  the  fibres.  With  this  explanation,  the  following  table. 
No.  177,  of  the  tensile  strength  of  timbers,  condensed  from  their  tables,  is 
of  some  value;  although  the  fractions  of  extension  in  the  second  last' 
column  are  scarcely  consistent  with  the  results  of  the  scanty  experiments 
of  others. 


*  Morin's  Rhistattce  da  Matcnaux. 
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Table  No.  177. — ^Tensile  Strength  of  Timber. 

(Reduced  from  the  tables  of  MM.  Cbevandier  and  Wertheim.) 


Acacia  

Fir  

Hornbeam. 

Birch  

Beedi  


,  Oak  

Do.  

Pine  

Elm   

Sycamore. 

Ash  

Alder  

Aspen  

Maple  

Poplar  .... 


ist  Series.— Comparative  Elastic 
Strength  per  ton  per  square  inch, 
nil  I  IB 


Wood. 


Wood  Dried. 


lo  doaed 


ton». 


.814 
.483 


.627 
1.046 

1.096 
.920 
1.463 


too*. 

3.016 
I.0I4 

t.381 


1.229 


.763 


In  the  air 
and  the 


tons. 
3.084 
1.367 

1.027 
1.471 


1.491 
I  037 

1.170 

1.463 

1.288 

1.  14Q 

1.957 
1.724 
.943 


ad  Sbriis.— Elastic  and  Ultimate  Strength. 


Elastic  Strength,  when 
Mtiaiiai  


Gravity. 

Total  per 

IMre  IIWilli 

Extension 
per  ton  per 
square  inch 
m^pamof 

tons. 

.717 

2.024 

.493 

1.367 

.756 

.814 

V690 

.812 

1.027 

'/63a 

.822 

I.47I 

'/613 

.806 

V691 

.872 

1. 491 

V585 

•559 

1.037 

•/356 

•723 

1.170 

V740 

.692 

.723 

«/?» 

.697 

.728 

V7lt 

.601 

.712 

V704 

.602 

.657 

V683 

.674 

.678 

»/64« 
'/3«» 

.477 

.639 

Ultimate 
Strength  per 
square  iaoi. 


tons. 

4.978 

2.654 
1.899 

1.369 
3.367 

4. 121 

3-  594 
1-575 

4-  439 
3.9" 

4-305 
2.883 

4.572 
2,273 
1.340 


The  following  are  the  results  of  experiments  by  Mr.  Laslett  on  the 
dongatioii  of  hard  woods  under  tensQe  stress.  Tlie  specimens  were  2 
inches  square;  )enf;th,  36  inches.  The  elastic  limit  reached  up  to,  or 
nearly  to,  the  breakmg  point: — 


WoODw 

Elastic 
Strength, 

per  smuire 
inch. 

Breaking 
Weight, 
per  stiuare 
incb. 

Elastic  Extension. 

Total. 

Per  too  per 
square  inch. 

FractioD  of 
length. 

English  oak  

Dantzic  oak  .... 
Indian  teak  

tons. 

•  •  •      S  *  *  * 

...  2.66 ... 
...  1.75  ... 

tons. 

...  2.66  ... 
...   1.92  ... 

iseh. 
...    .25  ... 

...    .25  ... 

...    .18  ... 

indi. 

,,,    .108  ... 

'/»6 
'/3»3 

The  following  are  the  chief  results  of  tests  by  Mr.  Kirkaldy  of  the  com- 
pressive resistance  of  two  balks  of  fir — White  Riga  and  Red  Dantzic,  about 

13  inches  square,  and  20  feet  long,  with  square  ends,  in  a  horizontal 
position.  They  were  not  ver)'  dr)-."  The  limits  of  the  elastic  strengths 
are  taken  at  the  points  where  the  rate  of  compression  for  equal  increments 
of  pressure  became  accelerated. 
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Compression. 

Elastic  strength   

Do.        per  square  inch  

Breaking  strength  

DOb  per  square  inch  

Ratio  of  elastic  to  brealung  strength.  

Elastic  compression  

Do.  per  ton  per  square  inch, 

in  parts  of  the  length  

Final  compression  before  rupture  

Set  under  total  elastic  stress  


White  Riga. 

133-9  ^ons. 

.792  „ 
147-9  n 

.«75  » 
90  per  cent 

.533  inch. 

.642  inch. 


Rbd  Dantzic. 

II  1.6  tons. 
.627  » 

.775  »» 
81  per  cent 

.414  inch. 
.548  inch. 


.032 


.03 


Mr.  Barlow's  Experiments  on  Transverse  Strength,  1837.^ 

Mr.  Barlow  made  a  number  of  e]q[>eriments  to  test  the  transverse  deflec- 
tion and  strength  of  timber  of  average  quality,  taken  as  seasoned,  from  the 

stores  in  Woolwich  dockyard.  The  specimens  were  2  inches  square, 
and  tested  on  a  span  of  7  feet,  except  a  few  which  were  tested  on  a  span 
of  6  feet.  The  average  ratio  of  the  elastic  to  the  breaking  strength  is,  from 
the  table,  31  per  cent.;  but  Mr.  Barlow  has  not  stated  the  conditions  of  the 
elastic  limit  prescribed  by  him. 

Table  Na  178. — Elastic  Transverse  Strength  op  Timber. 

{Condenied  and  adapted  fiom  Mr.  Bailow't  experimenti.) 
Specimens  3  inches  square^  7  feet  span;  loaded  at  the  middle. 


Kaaw  of  Tiabv. 


Teak  

Poon  

English  oak ... 
Do. 

Canadian  oak. 
Dantsicoak... 

Adriatic  oak .. 

Ash  

Beech  

Elm  

Pitch  pine  

Red  pine  


New  England  fir  

Riga  fir  

I  )u.   (span  6  feet)  

Mar  Forest  fir  

Do.  (span  6  feet) 
Do. 


Speciiic 
Gnvitv. 


ft 


Larch  

Do.  (span  6  feet)  

Do.  „   

Do.  „   

Nonray  spar  (qwn  6  feet) 


i 


745 

579 

969 

934 
872 

756 

993 

760 

696 

III 

657 
553 


Elaidc  StnqgdL 


Weight. 


696 

693 
703 

531 
522 

556 
560 

577 


pounds. 
300 

ISO 

150 
200 
225 


"SO 

225 

150 

laS 

150 

150 

150 
125 
150 
125 

150 
150 

"5 

125 

150 

150 
200 


Deflection. 


inches. 
1. 151 
.833 
1.590 
1.280 
1.080 

1.590 

1430 

1,266 

1.026 
1.685 

I-I34 
.755 

■931 
.870 

.B83 

1.442 

1.Q06 
1.006 

1.885 
.812 
.831 
.831 
.800 


Weight. 


Weight,  peflection. 


Ratio  of 
Elastic  to 
Breaking 
Strength. 


pounds. 

673 
560 

526 
772 

3^ 

622 

5" 

420 
422 

467 

436 

561 

325 

370 
501 

SIO 
655 


inches. 

4-  3a 
5.93 

592 
8. 10 
&00 

4.86 

5-  73 

8.92 

5-73 
6.93 
6.00 

5.83 

4.66 
6.00 
6.00 
6.00 
6.42 
6.43 

8.58 
5.00 
5.00 
5.00 
4.00 


per  cenL 
32 
17.7 

33 
314 

28.5 

29 

25 

33.4 

24 
29 

36 

30 

3a 

29 

27 
27 

38 

34 
30 
30 
30 


>  Om  tkt  Strtngfh  of  Materials i  edition  of  1845. 
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RULES  FOR  THE  STRENGTH  AND  DEFLECTION 

OF  TIMBER. 

The  results  of  Mr.  Laslctt's  experiments,  tables  Nos.  171  and  172,  throw 
some  light  on  tiie  relations  of  the  tensile,  compressive,  and  transverse 
Strength  of  timber.    Employing  formula  (  2  ),  page  507,  namely, 


W/ 


1.155  dd'' 


to  calculate  the  direct  tensile  stzeDgth  of  the  spedmenS)  dte  Ksnlts  may  be 
classified  as  follows: — 

Calculated  Tensile  Strength  within  5  per.  C£NT.  of  the  Experimental 

Strength. 


Six  Hard  Woods. 

Transverse 
Breaking 
Weight. 

Tensile 
Strcn>;th, 
c-Uculated. 

Tensile 
Strength, 
expehmcntal. 

Compressive 

Strength, 
experimental. 

Averages  (hard  woods) . . . 

lbs. 
687 
1,273 

975 
1407 
712 

638 

2.392 

4.428 

3392 
4.000 

2.477 
2.219 

2.546 

4.31  I 
3.214 
3.740 
2.700 

2.453 

3-337 
5.208 
5.621 
4.601 
3.078 
2-453 

949 

3.151 

3.r6i 

3.615 

Calculated  Tensile  Strength  much  greater  t/ian  Experimental  Strength, 

Eight  Hard  Woods. — Baltimore  oak,  African  teak,  Moulmein  teak, 
greenheart,  sabicu,  average  of  American'  msdioganies,  Eucalyptus  mahogany; 

English  ash : — 

Averages,  967       3.354       2.120  3.493 

Nine  Soft  Woods. — Dantzic  fir,  Riga  fir,  spruce  fir,  larch,  cedar,  red 
pine,  yellow  pine,  pitch  pine,  Kauri  pine: — 

683        2.375        1.597  2.486 

Calculated  Tensile  Strength  much  i.f.ss  than  Experimental  Strengths 

Six  Hard  W  oods. — French  oak,  Dantzic  oak,  American  white  oak^ 
Eucalyptus  Tewart,  English  elm,  Rock  elm: — 

750        2.607        3.295  3.365 

Averages  of  the  Tkoenty  Hard  Woods  preeedingi — 

896       3.069       2.785  3.490 

Averages  of  the  Niiu  Soft  Woods  preceding : — 

683         2.375         1.597  2.486 

Averages  of  Twenty-nine  Woods,  Hard  and  St^ft: — 

830        2.853        2.416  3.168 
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This  analysis  shows  that  for  only  six  out  of  twenty-nine  woods  does  the 
formula  (  i  )  give  the  experimental  tensile  strength  in  terms  of  the  trans- 
verse strength;  and  these  are  all  hard  woods.  For  the  remainder  of  the 
woods,  comprising  the  soft  woods,  the  formula  (  i  )  shows  a  tensile  strength 
varying  extremdy,  bodi  by  exoess  and  by  defidency,  from  the  experimental 
strength;  and  for  all  the  soft  woods  the  calculated  tensile  strength  is  £ur  in 
excess  of  the  experimental  tensile  strength.  In  every  instance  the  experi- 
mental compressive  strength  is  greater  than  the  experimental  tensile  strength 
— for  the  soft  woods  much  greater; — and  the  calculated  tensile  strength 
excepting  for  six  hard  woods,  lies  between  these  values.  It  is,  thcreturc,  to 
be  inferred  that  the  transverse  strength  is  a  function  of  the  compressive 
strength  as  well  as  of  the  tensile  strength;  and  that  it  would  be  safe  to 
calcinate  the  transverse  streng^th  in  terms  of  the  mean  of  the  tensile  and 
compressive  strengths,  supposing  that  these  values  can  be  truly  averaged 
for  large  scantlings. 

Calculating  likewise  the  tensile  strength  of  the  pieces  of  soft  woods 
tested  for  transverse  strength  by  Mr.  Fincham,  table  No.  173,  page  543, 
they  are  as  follows: — 

Calculated 
Tensile  Strength. 


Soft  woods,  six  specimens,  green,  top   2.358  tons. 

Do.  do.        green,  butt   2.573  „ 

Do.  do.        dry,  top   a.095  „ 

Da  do.       diy,  butt   „ 

Do.  do        very  dry   2.403  „ 


Average,  .'.   2.290  „ 


Average  from  Mr.  Laslett's  experiments  on  soft  woods,  2.375  „ 

showing  a  fair  accord  between  the  two  calculated  tensile  strengths;  though 
Mr.  Fincham's  3-inch  square  specimens  give  a  lower  value  than  Mr.  Laslett's 
2-inch  square  specimens. 

Calculated  Tensile  Strength  of  Tlmber  of  Large  Scantling. 

Selecting  the  experimental  results  for  the  transverse  strength  of  beams 
of  larger  scantling,  from  six  inches  square  upwards,  the  calculated  tensile 
strengths,  by  formula  (  i  ),  averaged  for  each  set  of  specimens,  are  as 


follows: — 

C;ilailated 

,  Tensile  Strength. 

Maciure,  last  3  pieces,  table  No.  174,  page  543,  Memel  fir  1.950  tons. 

Smith,  2     „  „       175,    „    544,    Do.    „  I.334  „ 

Smith,  2     „  „       175,    „    544,  Baltic   „   1.400  „ 

Chevandier,  4    „  „      176,   „    546,VQSges  „  1483  „ 


Average  for  Fir,  1.542  „ 

£.  Clark,     3  pieces,  table  No.  175,  page  544,  Red  pine.  1.240  tons. 

Smith,        2    „         „      1759  f»   S44»    Do.   1.163  „ 

Average  for  Red  Pine,   1.202  „ 

Smith,         4  pieces,  table  No.  175,  page  544,  (Quebec  yellow  pine  1.200  tons. 

Smith,         2    „  „       J75,   „    544,  Pitch  pine  1.834  „ 

gainer,        a    „  —    „    544,  English  oak  1,416  „ 

Chevandier,  5    „         n      ^  n   545» Vosgesoak  1.943  „ 
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Formulas  for  the  Transverse  Strength  of  Timber  of 

Large  Scantling. 

Adopting  the  foregoing  data  as  the  proper  values  of  s,  the  tensile  strength 
in  tons  per  square  inch,  in  the  general  formula  (  i ),  page  507,  as  appli^ 
to  find  the  breaking  weight  of  timber  beams  of  considerable  scantlii^ft  the 
numerical  constant,  1.155  x,  for  each  is  obtained: — 

Ultimate  Ihmsuene  Simigth  of  Timber  of  Large  SeantUngi  loaded  at 

the  middle. 

Fir   W^Hi^    (2) 

Red  pine   W=''39^^'    j 

Quebec  yellow  pine          W  =  ?'39^^   

Pitch  pine   yf  ^2.12 bd'    ^  ^  ^ 

Eqg^hoak   w=^-^'    (6) 

Frenchoak   w=l^i^'   (7) 

W  s  the  breaking  weight,  in  tons;  b  the  breadth,  d  the  depth,  and  /  the 

span,  all  in  inches. 

For  other  timbers,  in  the  absence  of  direct  experimental  data,  formulas 
may  |}e  deduced  for  transverse  strength  by  substituting  for  s,  in  the  general 
formula,  the  mean  of  the  tensile  and  crushing  resistances  of  a  given  wood, 
reduced  in  the  proportion  by  which  the  strength  of  large  scantlings  is  less 
than  that  of  small  scantlings;  which  may  be  t&en  at  two-thirds 

Meantime,  Mr.  Laslett's  data,  table  No.  171,  may  be  utilized  by  fixing 
the  value  of  the  coefficient,  1.155  J,  directly  from  the  transverse  breaking 
weights  of  the  timbers,  taken  at  two-thirds  of  the  observed  values.  Invert- 
ing the  general  formula  ( i ),  page  507, 

By  means  of  this  formula,  the  values  of  the  numerical  coefficients  to  be 
substituted  for  the  coefficient  in  any  of  the  formulas  (  2  )  to  (  7  ),  for  the 
ultimate  transverse  strength  of  other  timbers,  are  found  to  be  as  follows  in 
table  No.  179; — 

Formulas  for  the  Transverse  Deplbction  of  Timber  Beams 
OF  UNIFORM  Rectangular  Sechon. 

The  deflection  of  beams  of  small  scantling  may  aid  as  a  basis  for  calcu- 
lating the  deflection  of  large  beams,  by  means  of  the  general  fonnula  ( 4 ), 
page  539,  in  wbich  ^e  vdue  of  £,  the  coefficient  of  elastidQr,  may  be 
calculated  from  the  various  data  alr^y  j^iyen  for  such  timber  by  means  of 
the  inverted  general  fonnula  ( 8 ),  precedmg. 
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Table  No.  179.— Valvbs  or  1.155  s,  Numerical  CoEFFiaiNT  for  thb 
Transverse  Strength  op  Timber  Beams;  to  be  used  in  any  op 
THE  Formulas  ( 3 )  to  ( 7 ),  page  550.  (¥nm  Mr.  Lasletfs  data.) 


Descripdoo  of  Timbor. 


Oak,  English  (average) 

French  

Ua   

Tuscan  , 

Sardinian  

Dantzic  

Spanish  

American  White.. 

Baltimore  

African  (or  teak).. 
Moulmein  teak.  

Do  

Iron  Wood,  Bunnah.... 

Chow,  Borneo  

Greenheart,  Guiana..... 

Sabicu,  Cuba  

Maho^my,  Spanish  

Honduras.. 
Mexican... 

Tewart,  Australia  

Mahogany,  do  


Values  of 
1.155/. 


1.63 
3.41 
3.28 

2.08 
2.08 
1.30 

1.54 

2.21 
1.99 
3.0s 
3.51 
2.32 

3.50 

2.68 

3.67 

3.56 

2.35 
2.21 

2.15 

3.83 

1.89 


Descripdoo  of  Timber. 


Iron  Bark,  Australia  

Blu€  Gum,     do.  .......... 

EngUshash  

Canadian  ash  

Beech  (estimated)  

English  elm  

Rock  eUn,  Canada  

Hornbeam,  England  

Dantzic  fir  

Riga  fir  

Spruce  fir  

Larch,  Russia  

Cedar,  Cuba  

Red  pine,  Canada  

Ydlov  pine^  Canada  

Do.  do  

Do.  do  

Pitch  pine,  American  

Do.  do  

Do.  do  

Kauri  pine,  New  Zealand.... 


Values  of 
1. 155 


3-87 
1.96 

a.37 

2.30 

2.40 
1.08 
3.53 

2-53 
2.41 

1.65 
1.84 
1.62 
1.54 
1.80 
1.7 1 
1.33 
.84 
2.88 
2.56 


2>afisverse  Deflection  0/  Rectangular  Timber  Beams  of  uniform  section: — 


D  = 


4.62  l^^bd^ 


(9) 


D  =  the  deflectioii,  /  the  span,  b  the  breadth,  and  d  the  depth,  all  in  inches; 
W  the  load  at  the  middle  in  tons,  E  the  coefficient  of  elasticity. 

The  values  of  £  and  4.63  £  are  given  in  the  annexed  table  Na  180.^ 


Shearing  Strength  of  Timber. 

Oak  treenails,  firmly  hdd,  of  from  i  inch  to  inches  in  diameter, 
were  found  by  Mr.  Parsons  to  have  a  shearing  strength  of  about  2  tons  per 

square  inch  of  section.    For  the  development  of  so  much  resistance,  Pro- 
fessor Rankine  deduces  that  the  planks  connected  by  the  treenails  should 
have  a  thickness  of  at  least  three  times  their  diameter.    Treenails  of 
inches,  in  3-inch  planks,  bore  only  1.43  tons  per  square  inch;  and  in  6-inch 
planks,  1.73  tons. 


'  It  may  here  be  stated,  that,  whilst  the  value  of  £  possesses  importance  as  an  element 
in  a  scientific  theory  of  deflection,  it  is  not  necessary,  for  the  porposes  of  calculation  for 
the  deflection  of  beams,  that  the  value  of  r*".  shouKl  be  exactly  ascertained,  since,  in  its 
employment  in  the  formula  for  deflection,  it  is  merged  in  the  compound  coefficient  4.62  £, 
the  valne  of  which  can  be  detennined,  independently,  fix>m  practical  data. 
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Table  No.  i8o.— Values  of  E  amd  4^62  E  in  Formula  ( 9 ),  page  »55i, 
FOR  THE  Transverse  Deflection  of  Timbbr  Beams. 


Dageription  of  Timber. 


Knglish  oak  

French  do  

Tuscan  do  

Sardinian  do  

I  )antzic  do. . .   

American  white  do. 

Bahimore  do  

Canadian  do  

Adriatic  do  

African  do.  (or  teak) 

Moalmdn  teak  

Poon  

Iron  wood  

Chow  

Greenheart  

Sabica  

Spanish  mahogany.. 

lionduias  do  


By  I^lett** 

Data. 


E. 


do. 


^^exicaIl 

Tew.irt  

Iron  Bark  

Bhie  (ium  

English  ash... 
Canadian  do. 


Beech  

Ehn   

Rock-ehn  .. 
Memel  fir .. 
Dantzic  do. 


Riga  do  

Spruce  do  

New  England  do.... 

Scotch  do.  

Larch  


Red  pine.. 

Pitch  do... 

Yellow  do. 


Norway  spar . 
Kami  pine.*. 


348 
576 
234 
338 
450 
458 

598 


390 
494 

916 

956 
410 

916 

726 
460 

780 
692 

948 
698 

542 
320 


502 

680 
714 

328 
560 

526 

704 
414 

632 


4.62  E. 


1611 

2656 

loSo 

1555 
20S0 

2114 
2761 


1804 
2276 

4228 
4412 
1888 
4228 

3360 
2118 

3608 

3196 

4378 

255? 
2506 

1476 


23«9 
2490 

3»47 

3300 
2669 
1514 
2585 

a430 

3257 
1915 

29SO 


By  Barlow's 
Data. 


450 


746 
376 

934 
6S4 


4.63  E. 


2072 


3445 

1735 

43" 
3016 


2939 

2418 
1337 


2072 


636 


524 
266 


450 

350 
712 

474 


564  2602 


VarioiMDaia. 

Avencea. 

E. 

4.6a  E. 

E.  1 

4.69  E. 

— 

— 

400 

1848 

— 

— 

576 

2656 
1080 

— 

— 

234 

— 

— 

338 

20S0 

— 

— 

450 

45» 

21 14 

— 

598 

2761 

— 

746 

3445 

— 

— 

376 

1735 

— 

— 

390 

1S04 

— 

— 

714 

3293 

3010 

— 

— 

916 

4228 

— 

— 

956 

— 

— 

410 

1888 

— 

— 

916 

4228 

726 

33<^ 

— 

— 

\  4W 

2118 

1  780 

^608 

6q2 

3196 

Q48 

4378 

698 

588 

2722 



320 

1476 

524 

2418 

266 

1227 

— 

502 

23«9 

•S.  776 

3630 

776 

3630 

'  538 

2490 

F.  756 

s.  578 

3491 
2669 

^  616 

2020 

i  714 

3300 

'  578 

2669 

F.  358 

1652 

,  344 

1583 

!  456 

2100 

E.G.  460 

2124 

i     S.  474 

2188 

2434 

1     F.  464 

2141 

2968 

S.  690 

3461 

1  622 

I     F.  410 

s.  530 

1891 
2445 

1  452 

20S4 

F.  504 

1  2328 

1  a847 

i  534 

2465 

F.  616 

J  624 

2884 

*  E.  C— E.  Clark;  S.,— G.  G.  Smith;  F.,— Fincharo. 


Digitized  by  Google 


STRENGTH  OF  CAST  :iRON. 


STRENGTH  OF  CAST  IRON. 

Tensile  Strength  and  Compressive  Strength. 

Mr.  Hodgkiiuoii's  experiments  and  investigiations  fonn  the  basis  of  most 
of  what  is  known  on  the  strength  of  cast  iron.  To  ascertain  the  relative 
strength  of  cast  iron  according  to  the  form  of  the  cross  section,  he  tested 
specimens  of  cruciform,  rectangular,  and  circular  sections — the  first  melting 

of  the  pigs.    The  area 

for  each  section,  Figs.     ^4^..-     ±^  h  jm 

184,  185,  and  186,  was  '  ^  ^  '  *)j..~.  > 
intended  to  be  four 
square  mches,  but  the 
costings  were  accurately 
measured,  and  the  exact 
area  of  each  was  ascer- 
tained. The  following 
were  the  average  breaking  weights  or  absolute  tensile  strengthii  per  square 
inch  for  the  different  sections: — 

SecttoD.  Tank  strength  per  square  indi. 

{Crucifomi  6.784  tons. 
Rectangular  6.267 

(  Crudfonn  6.661 

(  Rectangular  •6.T15 


Figs.  T84,  t8s,  t8&— THal  Seedons  fer  ClMt  Iroo. 


Bowling  iron.  No.  2 ... 
Brymbo  iron,  No.  3  ... 
Blaenavon  iron,  No.  2 


Cruciform  6.253 


Circular  ►  6.614 


Total  average   6.450 


91 

» 

99 

)t 


From  these  results  it  appears,  that,  taking  the  strength  of  the  crudfonn 
section  as  i,  the  strengths  of  the  other  sections  were  relatively  as  follows: — 

Cnictfonn. 

Bowling  iron,  No.  2,  as  i  to  .924  rectangular. 

Br}  mho  iron,  No.  3,  as  i  to  .918  rectangular. 

Blaenavon  iron,  No.  2,... as  i  to  1.054  cucular. 

The  section  of  the  specimens  tested  by  Mr.  Hodgkinson 
for  tensile  strength  was  cruciform,  and  the  spedmens  were 
of  die  form  Fig.  187;  having  a  uniform  section 
for  one  foot  of  length.  For  compression,  they 
were  cylindrical,  ^  inch  in  diameter,  and  were 
made  to  two  heights,  respectively  equal  to  i 
diameter  and  2  diameters,  and  they  were  placed 
for  testing  within  a  cylinder  under  a  loaded 
plug,  a.s  shown  in  Fig.  188.  He  tested  the 
strength  of  16  denominations  of  cast  iron,  51 
specimens  of  whidi  were  tested  for  tension 
and  81  for  compression.  The  results  of  the 
tests  are  condensed  from  the  Commissioner*! 
Report  m  the  Application  of  Jrm  to  RaUway 
Structures^  in  table  No.  181. 


Figs.  1^7,  tS8. — Sperir-n  for 
i  csting  i'ensile  Slrcn^ih  and 
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Table  No.  i8i. — ^Tensile  and  Compressive  Strenctus  of  Cast  Irons 

AND  Stirling's  Iron. 


(Mr.  Hod^dnton.) 


Ina. 

Mean 

Specific 
Gravity. 

Mean 

Tensile 
Strength 
per ^Sgyuaue 

Mean  Compressive 
Strength  per 
SiiiHic  Iiwh. 

Height 
of  Sped- 

Strength. 

Lowmoor,  No.  i ... 
Lowmoor,  No.  3 ... 

Blaenavon,  No.  i... 
Blaenavon,  No.  2, 

Blaenavon,  No.  2, 

Rmvlinor   Nfi  9 

Ystalifera  anthra-  / 

Yniscedwyn  an-  i 
thracitc,  No.  i..  ( 

Yniscedwyn  an-  I 
thracitc^  No.  2..  ] 

7.074 
7.043 
7.051 

7-093 
7.101 
7.042 

7.II3 
7.051 

7.025 

7.024 

7.071 

7.037 

7.1 19 
7.034 
7.013 

tons. 
S.667 
6.901 

7.198 

7.949 

10477 

6.222 

7466 

6.380 
6.131 

6.820  1 

6.923 

6478 

6.2a8 
5.959 

inch. 

h 

H 

i  H 

1  ^ 
H 

:  H 

\  }i 
i  H 

tons. 
28.809 
25.198 

44.430 

41.219 

41.459 
39^616 

49.103 

45.549 

47.855 
46.821 

40.562 

35964 
52.502 

45-717 
30.606 

30.594 
32.229 

33.921 

44.723 

45.460 

33.390 
33.784 
33988 
34.356 
33987 
33-028 
44*010 
42.660 
37.281 

3?.IIS 
34.430 
33.646 

i  j 

:  5.084 
:  4-446 
:  6.438 
:  5-973 
:  5-759  , 
:  5- 503 
.6.177 

5-729 

:4469 

6.519 

5.780 

7.032 
:  6.123 
:  4.797 

4-795 

5.256 

5532 

6.557  { 
6.665 

5.186; 

5.246 

4-  909 : 

:  4.963 

5-  635  : 

:  5.476 : 

:  6.886 

.6.585  : 

:  5.985 
:  5.638 
:  5.778  , 
:  5.646  J 

mean. 

I  :  4.765 
I  :  61.205 

I  15.631 

«  :  5-953 
I  :  4.518 
1  :  6. 149 
I  :  6.577 

1  14.796 

1  : 5.394 

I  :  6.61 1 

I  :  5.216 

1 

I  :  4.936  , 

I  :  5.555 

j  i  :  6.735 
1  :  5.81 1 

I  :  5.71a 

Averages  of  cast ) 

irons    f 

7.055  1 

6.830 

38.525 

I  :  5.641 

! 

Stirling's  iron,  2d  ) 
Stirlin^s  iron,  3d  / 

7.165 
7.108 

11.502 

10.474 

\  ^ 

55-952 

53.329 
70.827 

57.980 

I  :  4.865  } 

I  :  4-637  { 
I  :  6.762  ) 

1  :  5.536  } 

I  :  4.751 
I  :  6.149 

Average  of  Stir-  i 

7.136 

ia988 

59.522 

I  :  5417 
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It  appears  from  the  table  that  the  tensile  strength  of  cast  iron  varied 
from  5.667  to  10.477  ions,  and  averaged  6.830  tons  per  square  inch. 

That  the  compressive  strength  varied  from  25.198  tons  to  52.502  tons, 
awaging  38.525  tons  per  square  inch. 

That  Sie  compressive  streng^  was  from  4.^18  to  6.735  ^  tensile 
strength;  average  ratio  of  tensile  to  compressive  strength,  i  to  5.641. 

That  the  specific  gravity  varied  ^m  6.989  to  7. 113,  and  averaged  7.055, 
and  that,  generally,  the  strength  increased  with  the  specific  gravity,  though 
there  were  many  exceptions  to  such  relation. 

That  the  tensile  strength  of  Stirling's  metal  (a  mixture  of  cast  and  wrought 
iron)  averaged  10.988  tons  per  square  inch,  and  the  compressive  strength 
59.522  tons  per  square  inch;  ratio,  i  to  5.417. 

The  average  compressive  resistance  or  the  pieces  one  and  two  diameters 
high  were  respectively  as  100  to  95.6^ 

Dr.  Anderson  tested,  at  Woolwich  Arsenal,  850  specimens  of  cast  iron. 
The  ultimate  tensile  strength  of  selected  specimens  varied  from  4.90  torn 
to  14.5  tons  per  square  inch,  averaging  9.45  tons,  and  of  all  the  850  speci- 
mens, from  4.20  tons  to  15.30  tons.  He  found  that  the  average  tensile 
strength  of  ordinary  irons  of  commerce  was  6  tons  })er  square  inch.  It  is 
probable  that  the  higher  strengths  were  those  of  bars  of  2d  or  3d  meltings. 

Strength  as  Affected  by  the  Mass  of  Metal. 

Mr.  Hodgkinson,  comparing  die  tensile  strength  of  bars  of  cast  iron, 
I  inch,  2  inches,  and  3  inches  square,  found  that  uie  relative  strengths  were 

approximately  as  100,  80,  77. 

Captain  James  found  that  the  tensile  strengths  of  l  inch,  2-inch,  and 
3-inch  bars  were  as  100,  66,  60;  and  that  the  tensile  strength  of  ^-inch 
bars  cut  out  of  2-inch  and  3-inch  bars  had  only  half  the  strength  of  the  bar 
cast  I  inch  square. 

The  ascertained  inferiori^  in  strength  of  massive  (Sutings  as  compared 
with  thinner  castings  is  attributable  to  the  greater  proportion  of  surface  or 
**  skin"  on  the  thinner  castings.  It  is  known  that  the  skin  is  harder  and 
<  stronger  than  the  interior  of  a  casting.  Besides,  the  interior  of  massive 
castings  becomes  more  spongy  in  texture  as  the  thickness  is  increased. 

Strength  of  Cast  Iron  as  Affected  by  Cold  Bjj^st 

AND  Hot  Blast. 

Mr.  Hodgkinson  tested  several  cast  irons,  made  by  cold  blast  and  hot 
blast,  with  the  following  results,  table  No.  183;  showing  an  average 

tensile  strength,  of  all  irons,  7.36  tons  per  square  inch,  and  average 
compressive  strength,  47.0  tons;  ratio,  i  to  6. 11.  At  the  same  time,  it 
is  shown  that  the  hot-blast  irons  had  9.17  per  cent,  less  tensile  strength, 
but  that  they  had  3.39  per  cent  more  compressive  strength,  than  the 
cold-blast  irons. 

Mr.  Robert  Stephenson  concluded  from  experiments  of  more  recent 
date,  conducted  by  him,  that  the  average  streiigth  of  hot-blast  von  was  not 
much  less  than  that  of  cold-blast  iron;  but  that  cold-blast  irons,  or  mixtures 
of  cold-blast  irons,  were  more  certain  and  regular,  and  that  mixtures  of  cold- 
blast  and  hot-blast  irons  were  better  than  eittier  separately  mixed. 
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Table  No.  zBa.— ^Strbhoth  of  Coli>3last  and  Hot*blast  Iron. 

(Mr.  Hod^infion.) 


Carron  iron,  No.  2  

Carron  iron,  No.  3....  

Devon  iron,  No.  3  

Biiffcry  iron.  No.  i  

Coed-Talon  iron,  No.  3  

Lowmoor  iron,  Na  3  

Total  averages  

Comparative  averages  of  cold  \ 
and  hot  blast  | 


Tensile  Strength 
per  Square  Inch. 

.CMUpressivc  Strei^h 
per  Square  Inch. 

Cold  Blast. 

Hot  Blast. 

Cold  Blast 

Hot  Blast 

ton*. 

7-45 
6.43 

7.80 
8.42 
6.49 

i 

tons. 
6.03 

784 
9.68 

6.00 

7-45 

4750 

41.65 
36.50 

tons. 
48.50 

5950 

6j.  0 

38-50 
36.90 

.7-32 

7.40 

44.30 

49.70 

7-3a 

t  ' 

6.83 

4! 

44.30 

*     •  * 

r.o 
45-8o 

Sir  William  Fairbairn,  writing  in  1870,  maintained  that  the  quality  of  iron 
had  been  greatly  improved  since  the  introduction  of  the  hot  blast,  and  that 
nothing,  at  the  time  of  writing,  was  said  of  the  difference  between  hot-l^last 
and  cold-blast  irons.  Dr.  Siemens,  on  the  same  occasion,  stated  that  the 
ironmasters  had  seen  the  advantage  of  raising  the  temperature  of  the  blast, 
and  that,  .in  using  the  Siemehs-Cowper  regenerative  hot-blast  stov^,  the  tem- 
perature had  been  raised  as  high  as  1400"^  F.,  without  any  deterioration  of 
the  quahty  of  the  metal  having  been  observed.^ 

SiRBNGTH  OF  CaST  IrON  InCRBASBD  BY  ReMELTING. 

The  strength,  as  well  as  the  density,  of  cast  iron  are  increased  by  repeated 
remeltings.  The  increase  of  strength  and  density  appears  to  be  the  conse-' 
quence  of  the  gradual  abstraction  of  the  constituent  carbon  of  the  iron,  and 

the  approximation  of  the  metal  in  composition  to  wrought  iron. 

Mr.  Bramwell  proved  the  increase  of  tlie  tensile  strength  of  Acadian 
cold-blast  iron  by  remelting  it  The  tensile  strengtiis  of  successive  samples 
were  as  follows: — 

Acadian  laoN. 

Tensile  strength  per 
square  u)ch. 

Sample  ban.  tons. 

I  St  samples   7.5 

2d     do.    after  2  hours  longer  fusion   8.3 

3d     do.    after            „         „    10.8 

4th    do.    remelted.  with  fresh  pigs   ii.o 

5th    do.    after  4  hours  longer  fusion   18.5 

Maximum  of  5th  samples   19.6 

^  Proceedhts^s  of  fhf  Tusiituttov  of  Cir.'il  Engmeert^    RagqwnniWiHiot  IlhiH 

by  Mr.  E.  A.  Cowi>er,  vol.  xxx.  p.  321.  >.  ^^^i.u\f^  bar.  JviJ*; 
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Meltnig. 

Strength. 

tons. 

  57-7 

  69.8 

  73-1 

13  

  66.0  (defective) 

14  

  95-9 

15  

  76.7 

16  

  70.S 

18.   

Showing  tiiat  the  tensile  strength  was  increased  150  per  cent  by  8  hours  of 
continued  fiision,  and  by  remelting.  The  compressive  strength  avenged 
3    times  the  tensile  strength.^ 

Sir  William  Fairbaim  tested  for  compressive  strength,  samples  of  Eglinton 
Na  3  hot-blast  iron  of  from  i  to  18  meltings — the  resistance  was  doubled 

by  18  meltings;  but  the  maximum  resistance  was  attained  at  the  14th 
melting,  and  amounted  to  2.2  times  the  first  resistance.  The  following 
axe  the  results  of  these  tests : — 

Egunton  No.  3  Hot-Slast  laoNb 

iMtinv  CompRssive 
™"^*  ttraiKth. 

tons. 

1   44.0 

2   43.6 

3   411 

4    40-7 

5   41.1 

6   41. 1 

7   40.9 

8   41. 1 

9   55- 1 

Remelting,  or  continued  fusion,  of  cast  iron  is  practised  in  the  United 
States.  The  pig  iron  generally  used  has,  in  the  state  of  pig,  a  tensile 
strength  of  from  5  to  6^  tons  per  square  inch.    When  melted,  it  is  kept 

for  some  time  in  a  state  of  fusion,  and  the  first  castings  have  a  tensile 
strength  of  about  9  tons  per  square  inch.  For  guns,  the  metal  is  melted 
three  or  four  times  in  an  air-furnace,  and  at  each  melting  is  retained  in 
fusion  for  from  one  to  three  hours  before  being  poured;  and,  according  to 
the  experiments  of  Major  Wade,  the  strength  uon  so  treated  was  succes- 
sively increased.   The  following  are  some  of  Ae  results  obtained  by  Major 

Wade;—/ 

I  American  Iron.  Tkhsilb  Strkkotm. 

\  tons  per  square  faidL 

Pigs.l   5to6ji 

ist  melting   9.33 

2d      do   IT. 06 

3d    do   11.96 

4th    do   12.45 

Maximum  strength  observed   20.5 

Samples  from  100  gun-heads   14.9 

Proof  bars  (in  other  trials)   16.23 

38  samples  from  a  Rodman  gun.  15.3  to  19.8 

Do.      average  :   z6.88 

A  lot  of  pig  iron,  in  the  crude  state   5.66 

37  guns  cast  from  this  pig  iron,  3d  melting   i5*75 

The  specific  gravity  of  the  metal  was  increased  by  successive  meltings 

and  protracted  fusion,  from  6.90,  in  some  instances,  to  7.40. 

The  compressive  strength  of  the  irons  tested  by  Major  Wade,  varied 
from  37.7  tons  to  78  tons  per  square  inch.    The  specimens  were  ^  inch 

^  The  above  particuLirs  are  reduced  from  the  Proeeeik^  of  the  JkstUmihm  of  CMI 
£tigmetrs,  vol  xxii.  page  559. 
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in  diameter,  and  i){  indies  high.  Some  of  the  mean  results  were  as 

follows:  .aMdiiiw.  jdMeMaf. 

No.  I  cast  iron,  44.5  tons  02.5  tons. 

Mixtures  of  Nos.     a,  3,  69.4  „  74.6  „ 

It  may  be  inferred  that  the  ratio  of  tensile  to  compressive  strength  of  the 
American  irons  above  tested,  was  about  i  to  4. 

Elastic  Strength  of  Cast  Iron. 

Mr.  Hodgkinson  made  experiments  with  round  cast-iron  bars  of  one 
square  inch  sectional  area,  and  50  feet  long,  suspended  in  a  lofty  buUding, 
to  find  the  extension  and  permanent  sets.  These  experiments  were  made 

C 


6%  7  TONS 


Ltowdj  per  squjca^  iheh^. 

Fig.  189. — Diagram  to  show  Rate  of  Extension  and  Set  of  lo-feet  bars  of  cast  iron.    Table  No  18  5 

with  the  object  of  insuring  exccj)tional  accuracy  of  results.  But,  by  much 
the  greater  number  of  Mr.  Hodgkinson's  experiments,  both  for  extension 
and  for  compression,  were  made  with  bars  limited  to  lo  feet  in  length, 
I  inch  square.   The  results  of  the  observations  on  the  ewtSMhai  and  com- 
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presdon  of  lo  feet  ban^  are  plotted  in  Fip.  189  uid  190,  in  which  the  base- 
line A  B  represents  the  loads,  and  the  verticals  m  light  Imes  are  the  observed 
extensions,  compressions,  and  sets,  for  the  given  loads.  The  curves  a  c  and 
A  D  are  traced  through  the  ends  of  these  verticals,  and  the  vertical  black 
lines  show  the  extensions  and  sets,  for  integral  tons  of  load. 


Fig;  190b— Diagrani  to  diov  Rata  of  CowprMiion  and  Set  of  lo^oet  ban  of  cHt  iroo.  Table  Na  184. 

The  following  table,  No.  183,  is  constructed  from  the  diagram  of  exten- 
sion and  set.  Fig.  189,  and  it  shows  the  mean  extension  and  set  for  given 
stresses  in  integral  tons  up  to  6^  tons  on  a  i-inch  square  bar  of  average 

quality  10  feet  long. 

The  table  No.  184  is  likewise  constructed  from  the  diagram  of  compres- 
sion and  set,  Fig.  190,  and  it  shows  the  mean  compression  and  set  for  given 
stresses  in  integral  tons  up  to  17  tons  on  a  i-inch  square  bar  of  average 
quality  10  feet  long. 
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Table  No.  183. — Mean  Reduced  Extension  and  Set  for  given 
Stresses,  of  a  Bar  of  Cast  Iron  of  Averaoe  Quality,  1  Inch 
Square,  jo  Feet  Long. 

Deduced  from  diagram,  Fig.  189,  page  558. 


Extension. 

Skt. 

Total  Extension. 

Stkbss. 

Increment 
'  of  Exten- 
slun  lor 

Fraction  of  Length. 

Increment 

of  Set  for 
each  Ton. 

Total  Set  in 
Inches. 

Ratio  of 
Total  Set  to 
Extension. 

1  each  Ton. 

In  Inches. 

Total. 

Per  Ton  per 
Square  Inch 

tons. 
I 
2 

3 
4 

1 

6-5 

inches. 
.0196 
.0222 
.0238 
.0276 
.0300 
.0378 
.0210 

inches. 
.0196 
1 .0418 
.0656 

.0932 
.1232 

.1610 

.1820 

ratio. 
I 

2.13 

3-35 

4.75 
6.29 

8.21 

9.29 

'/3871 

V1829 

»/ia87 

V974 

'/745 

'/659 

length  =  1. 
.000163 
.000174 
.000183 
.000194 
.000205 
.000223 
.000257 

inches. 

.00058 

.00139 

.00228 

.00325 

.00463 

.00720 

.00407 

inches. 

.00058 

.00197 

.00425 

.0075 

.01213 

•01933 
.0234 

ratio 
I 

3.4  i 
7.3 

«3 
21 

33 
40 

ratio. 

I  to  34  1 
I  to  21 
I  to  15.4  1 
I  to  12.4 
I  to  10.2 

1  to  S.TL 

I  to  7.8 

Table  No.  184. — Mean  Reduced  Compression  and  Set  for  given 
Stresses,  of  a  Bar  of  Cast  Iron  of  Average  Quality,  1  Inch 
Square,  10  Feet  Long. 

Deduced  from  diagram.  Fig.  190,  page  559. 


Stress. 

CoHfRESSION. 

Srt. 

Increment 
1  of  Com- 
pression 
for  each 
Ton. 

'              Total  Compression. 

Increment 
of  Set  for  1 
each  Ton. 

1 

I 

Toul  Set. 

Ratio 
of  Total  Set 
to  Com* 
pressioD. 

In  Inches. 

Fraction  of  Length. 

Total. 

Per  Ton  per 
Squ.irc  1  nch 

tons. 
I 
2 

3 
4 

5  1 

1 

7 
8 

9  1 
10 
1 1 

"  1 

■3 

14  1 
\l 

17 

1 

inches. 

.02 

.0216 

.0224 

.022 

.0222 

.O22S 

.0234 

.0230 

.0238 

.023 

.0236 

.026 

.0258 

.0306 

.0222 

.04 

.033 

inches,  ratio. 
.02  I 
.0416  2.08 
.064  3.2 
.086  4-3 

.I0S2  5.41 

.1310  6.55 

•1544  7-72 
.178  8.9 
.201S  10.09 
.2248  11.24 
.2484  12.42 
•2744  13-72 

.3002  15.01 
.3308  16.54 

.353   '  >7.65 

•393  »9-t'5 
.426  21.3 

fraction. 
'/6000 
V2884 

V«395 
*/ 1109 
»/9i6 

'/777 
•/674 
'/59s 
'534 
'(483 
'/437 

,•'  400 

'/340 
'/305 

Va82 

length  =  1. 
.000167 
.000173 
.000178 
.000179 
.000180 
.000182 

,000184 
.000185 
.000187 

.oooiSS 
.000188 
.000191 

.000193 
.000197 
.000196 
.000205 
.000209 

inches. 
.000567 
.00198 
.00212 
,00230 
,00261 
.00302 

■00315 

•00355 

.0040 

.0043 

.0043 

.0056 

.0077 
.0087 
.0081 

•0193 
.0060 

inches. 
.000567 
.00255 
.00467 
.00697 
.00958 
.0126 

1 .01575 
.0193 

1  0233 
.0276 

•0319 
•0375 

.0442 

.0529 

.061 

.0803 

.0863 

ratio. 
I  ' 

4.5 

8.2 

12.2 

»7 

22 
28 

34 

41 

48 

56 

66 
7S 

loS 
142 
152 

ratio. 
I  10  35.3 
1  to  17.6 
I  lo  13.7 
I  to  12.3 
I  to  11.3 
I  to  10.4 

1  to  9.8 
1  10  9. 2 

1 10  8.7 

1  lo  8. 1 
1  to  7.8 
I  to  7.3 

I  to  6.S 
I  lo  6.3 
I  to  5.8 
1  to  4.9 
I  to  4.9 

■ 
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It  is  clear  from  the  diagrams,  Figs.  189  and  190,  and  the  tables  Nos.  183 
and  1 84,  that  both  the  extensioii  and  the  compression  of  cast  iron,  with  the 
respective  sets,  b^gin  at  the  b^guming  of  the  loading;  and,  strictly  inter- 
preted according  to  the  definition  of  dasticity,  the  evidence  is  to  the  effect 
that  there  is  no  such  thing  as  perfect  elasticity  ni  ordhiaiy  cast  iron.  The 
progression  of  extension,  compression,  and  set,  moreover,  is  regular,  and  it 
is  gradually  accelerated  whilst  the  stress  is  increased  in  arithmetical  propor- 
tion.   There  is  no  sudden  change  in  the  rate  of  progression  anpvhere,  no 

yielding  point"  for  cast  iron,  and  no  indication  of  a  permanent  elastic 
limit  before  rupture  takes  place. 

In  this  respect  cast  iron  radically  dififers  from  wrought  iron  and  steel,  for 
in  the  behaviour  of  these  metals  the  ''yidding  point"  is  a  clearly  defined 
cfaaiacteristic. 

Shearing  Strength  or  Cast  Iron. 

Professor  Rankine  states  that  the  shearing  strength  of  cast  iron  is  12.37 
tons  per  square  inch.  But  Mr.  Stoney  found  by  ex])erinient  that  it  was 
from  8  to  9  tons  per  square  inch.  Both  of  these  data  may  be  correct :  it 
has  been  seen  that  cast  iron  varies  very  much  in  tensile  strength,  according 
to  the  character  of  the  spechnens  operated  upon. 

It  is  veiy  probable  that  the  sheanng  resistance  of  cast  iron  is,  by  reason 
of  itB  comparative  incompiessibilt^,  equal  to  its  direct  tensile  resistance. 

Mallbablb  Cast  Iron. 

The  tensile  strength  of  annealed  malleaUe  cast  iron  is  guarameed-  by 
numnfiictuiers  to  as  tons  per  square  in^  It  is  capable  of  supporting  10 
tons  per  square  indb,  tensile  stroogth,  without  peonanent  distortion. 

Transvbbsb  Stkbngth  of  Cast  Iron. 

Casi-Irm  Bars  of  Reciatigidar  SecHofL — ^Mr.  Barlow  found,  by  expeii- 
ment,  diat  for  i-inch  square  bars  of  cast  iron,  the  breaking  weight  in  tons, 
applied  at  the  middle,  was  expressed  by  the  foimnla, 

W=^*xi3.6,  (  I  ) 

in  which  b,  the  breadth,  d  the  depth,  and  /  the  span,  are  in  inches.  Mr. 
Robert  Stephenson  arrived,  by  ex]jeriment,  at  exactly  the  same  coefficient. 
If  the  coefficient  be  taken  as  only  12,  the  breaking  weight  of  a  i  inch 
square  bar,  at  la  inches  span,  is,  by  the  formula,  just  i  ton ;  and  if  the  span, 
/,  be  expressed  in  feet,  tiie  formula  ( i ),  with  a  coefiicient  of  la,  is  re- 
solved into  the  form, 

y^JJl  (  2  ) 

If  cast-iron  bars  wero  homogeneous,  and  of  unifonn  density  for  all 
dimensions,  the  formulas  z  and  a  would  give  the  breaking  strengths  correct^ 
for  all  sizes  of  bars;  but  so  great  is  die  dinunution  of  strength  m  thicker 

castings,  due  to  the  comparatively  open  or  spongy  structure  <rf  cast  iron  in 

thick  masses,  that  3-inch  square  bars,  relatively,  have  scarcely  two-thirds 

of  the  transverse  strength  of  i-inch  bars,  and  the  proper  coeiikient  fior 

86 
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formula  (i),  is  only  8.6,  as  applicable  to  3-inch  bazs.  It  is  obvious  tbat  no 
constant  ooeflident  can  be  employed,  even  in  inm  of  the  same  denomina- 
tion, for  the  transverse  strength  of  cast-iron  bars,  when  the  thickness  is 
various. 

To  apply  the  general  formula  (i),  page  507,  for  the  transverse  strength 
of  rectaoguiar  bars  of  cast  iron,  in  terms  of  the  tensile  strength;  namely, 

W  =  i.i55^;   (  3  ) 

in  which  d,  (/,  and  /  are  in  inches,  s,  the  tensile  strength,  in  tons  per  square 
inch,  and  W,  the  breaking  weight,  in  tons  at  the  middle;  the  mean  tensile 
strength  of  i-inch  square  bars  of  ten  different  irons  was  found  by  Mr. 
Hod^^dnson  to  be  16,508  lbs.,  or  7.36  tons,  and  their  transverse  strength, 
at  54  inches  span,  was  464  lbs.  By  the  formula  (3),  taking  the  forces 
in  pounds^  the  transverse  strength  is, 

,..S<ixi'x,6,so».3g3  u«.j 
54 

or  seven-ninths  of  the  actual  strength.  The  excess  of  actual  strength,  3 1  per 
cent,  results  from  the  distribution  of  the  stronger  portion  of  the  section  of 
the  bar  at  the  outside, — the  skin,  in  fact, — where  its  moment,  or  power 
of  resistance,  is,  by  reason  of  the  leverage  of  the  resistance,  much  more 
effective  than  that  of  the  interior  and  weaker  portions.  By  such  tubular 
distribution,  a  greater  total  strength  transversely  is  exerted  than  would 
have  been  ezeited  if  the  material  had  been  of  uniform  tensile  strength 
throughout  the  section,  as  was  assumed  in  the  construction  of  the  formula. 
In  bars  of  greater  secdon,  the  influence  of  the  skin  on  the  strength  is 
comparatively  less.  Accordingly,  in  the  following  examples  selected  for 
comparison,  from  data  supplied  by  Mr.  Edwnn  Clark,  the  excess  of  strength 
diminishes  generally  as  the  scantling  of  the  specimen  is  increased,  A 
tensile  strength  of  7  tons  per  square  inch  is  assumed  in  the  calculation  of  the 
strength,  by  the  formula  (3)— 

Bars.  Transvbrsb  Strkncth. 

M^th.       Depth.  Span.  Calculated.  ActuaL  Excess.  Actual. 

(i.)    I  inch  X  I  inch  X  4.$  feet,  .158  ton,  .252  ton,  60  per  cent 

(2.)    I  »       3  ft    X  18  n  -337  »  .429  »  27  „ 

(3)    3  »    X  I    »    ^  2.25  „  .898  „  1.376  „  53  „ 

(4.) 

2  „      X  2  „ 

^  U-5  »»  '399  n  •47S  "  19  »» 

(5.)   2  „     X  3   „    X  9  „  1.^47  „  1.800  „  35  „ 

(6.) 

3  »       *  »f    X  4-5    n       1.800  ,1      2.410  „       34  „ 
(7.)   3  »    »<  3  »»       13-5    »       1-347  »      1-43^  »        6.5  „ 

The  I -inch  square  bar  has  60  per  cent  excess  of  strength.  The  2d  bar 
has  only  z  inch  of  bottom  skin  for  diree  times  the  depth  of  the  tst,  and  so 
has  only  27  per  cent  excess.  The  3d  bar,  of  the  same  section  as  the 
sd,  was  tried  on  its  side,  and  has  three  times  as  much  bottom  skin  as  the 
2d;  and  so  has  nearly  double  the  excess  of  the  2d,  but  not  so  much  as 
that  of  the  ist,  which  has  comparatively  more  side  skin.  The  4th  bar, 
2  inches  square,  has  less  skin  in  proportion  to  its  bulk,  and  has  only  19  per 
cent,  excess  of  strength ;  whilst  the  5th  bar,  of  the  same  thickness,  but 
deeper,  has  a  greater  excess,  for  its  bottom  skin  has  more  leverage.  The 
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6th  bar  has  the  same  section  as  the  5th,  but  is  tested  on  its  side,  and  hns 
the  same  excess  of  strength ;  whilst  the  7th  bar,  3  inches  square,  has  only 
6  Yz  per  cent,  excess  of  strength  above  that  calculated  for  it  by  formula  (3). 
'I'he  strength  of  the  7th  bar  is,  on  the  contrary,  34  per  cent,  less  than  what 
would  be  calculated  for  it  by  the  formula  (i). 

Dimimshuig  differences  with  increasing  sections,  are  also  exemplified 
by  experimental  observations  of  Mr.  Hodgkinson,  selected  from  one  of  his 
tables/  with  bars  of  Cairon  No.  a,  averaged  for  hot  and  cold  blast,  of  three 
sizes,  composing  two  or  more  ban  of  each  size.  The  sizes  are  here  given 
in  round  numbers : — 

Bars.  Transversk  Strimgth. 

Width.        Depth,  Span.  Calculated.  Actual.  Excess, 

(i.)    I  inch  X  I  inch  x  54  inches,       .158  ton,      .219  ton,     40  per  cent 
(2.)  X  54      „      1.381  w      ".736  „      a6  „ 

(3.)   1  n      4  M    X  S4      „      3.794         4.600  „      21  „ 

For  the  calculation  of  the  transverse  strength  of  cast-iron  bars  of  rectan- 
gular sections,  and  of  the  larger  scantlings,  even  of  the  commonest  quality, 
formula  (3)  may,  it  appears,  be  safely  employed,  allowing  a  wide  margin, 
with  a  nunimum  factor  of  7  tons  per  square  inch  tensile  strength,  'fiiis 
gives  a  numerical  coefficient  of  (1.155  x  7  s )  8.08 ;  say,  8,  m  formula  (  3  ). 

TVmuveru  Strength  of  Rectangular  Bars  of  ordinary  Cast  Iron,  of  t/u  first 
melting,    TmsiU  strength,  7  tons  per  square  inch: — 

Loaded  at  the  middle,           W»?A^ ;   (  4  ) 

Loaded  at  one  end   W=ii^;   (  5  ) 

Round  Cast-Iron  Bars, — ^The  strength  of  round  cast>iron  bars,  taking  a 
tensile  strength  of  7  tons,  is  found  from  the  general  formula  (15),  page  510; 
in  which  .7854  x  j a.7854  x  7  =  5.5a 

TroHtveru  Siraigih  of  Hound  Bars  of  ordinary  Cast  Iron! — 
Loaded  at  the  middle,           W-^iS^'.    (  6  ) 

Loaded  at  one  end,    VT^Ull^;    (  7  ) 

in  which  ^,  d,  and  /  are  in  inches,  and  W  is  the  breaking  weight  in  tons. 
With  tensile  strengths  greater  than  7  tons,  the  constants  to  be  lued  in  these 
formulas  are  as  foUows: — 


Tensile  strength  per         GonstJUit  in        ConMuit  in         f%— {b        ComtuU  in 
square  tach.  fbnmdaCf).        fenmila(5).        fbfanila(^  lannuk(7K 


8  tons,    9.3 

9  »>    iO'4 

10  „    1 1.5 

11  „    12.7 

12  »    138 


3.3   6.3    1.6 

2.6  .........  y.i   1.8 

2.9    7.9    2.0 

3.2    8.6    2.2 

3.4  •.*•••••.  9*4  3.4 


On  ike  Strength  and Frtlferikt  9f  CaHlrmt  1846,  pp.  398,  399. 
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JTest  Bars. — It  is  usual,  in  specifications  for  cast-iron  work,  to  require 
that  sample  bars  of  cast  iron,  say  i  inch  thick,  2  inches  deep,  and  on 
besEirings  36  inches  apart,  shall  support  a  given  weight  applied  at  die  centre. 
Ten  yeazs  ago,  a  weight  of  25  ovt  was  coasideved  sufi^ient  as  a  test  load; 
but  tiie  load  has  since  been  increased  to  28  cwt  and  30  cwt  This  is  not 
rery  severe,  for,  by  formula  (i),  based  on  the  strength  of  i-inch  square 
Kirs,  the  modern  test-bar,  q£  ordinaiy  iron,  should  suj^KNt  17.2  cwt  befoie 
breaking. 

Transverse  Deflection  and  Elastic  Strength  of  Cast  Iron. 

Cast-Iron  Rtctanguiar  Bars, — Mr.  Hodgkinson  gives  particulars  of  the 
deflection  of  rectai^ular  bars  under  various  loads.  The  deflections  under 
medium  loads  are  here  averaged  as  foUows;  and  the  coefficients  of  das- 
tidty  £,  are  calculated  by  means  of  the  formula  ( 8 ),  page  530: — 

Span.        Load.    Dbflectior.  £. 


Average  of  8  bars,  X  inch  square,.   54       .ico     .561  6076 

t  bar,  I  inch  x  3  inches  deep^  $4  1.066  .a  16  6230 
I  bar,  1  inch  x  5  mches  deep,  54     3.348     .153  5966 

Average  value  of  coefficient  of  elasdcity   6090 

This  value  of  E  agrees  with  that  which  was  found  for  direct  tensile  strength, 

tal)le  No.  183,  page  560,  and  the  resulting  numerical  coefficient,  4.62  E  = 
4.62  X  6090-28,136,  say  28,000;  which  may  be  substituted  for  4,62  E  in 
the  formula  (  8  ),  page  530,  to  give  the  deflection  of  cast-iron  bars,  within 
ordmary  elastic  limits,  thus: — 

DefleOum  of  Cast-Irm  Rectangular  Bars  of  Uniform  SecHon. 

Loaded  at  the  middle,  D=  ^     \  ^   (8) 

28,000  ^  ' 

Loaded  at  one  end, ...  D  =  ^        —    (  9 ) 

D  =  the  deflection,  /'  =  the  breadth,  ii  ^  the  depth,  /  =  tiie  span,  all  in  inches; 
W  =  the  load  in  tons. 

Cast-Jrm  Round  Bars, — For  round  bars  of  tmiform  diameter,  substitute 
tlie  above-found  average  value  of  E,  in  the  general  fomnila  ( 94 ),  page  533. 
Then,  3.1416  x  £  =  3.1416  x  6090  =  19,132,  say  19,00a 

D^UcHm  of  Cast-Iron  Round  Bars, 

Loaded  at  the  middle,  D=  —  (  10  ) 

19,000  a* 

Loaded  at  one  end, ...  D  =  —    ^1—  (11) 

594 
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Torsional  Strength  of  Cast  Iron. 

The  only  direct  experiments  recorded,  worth  notice,  on  the  torsional 
resistance  of  cast-iron,  are  those  of  Mr.  Dunlop  at  Glasgow,  in  1819.^ 
They  were  made  to  ascertain  the  torsional  strength  of  shafts  as  usually  cast 
in  Glasgow  at  the  time.  Two  old  bais  of  cast  iron,  about  5  feet  long  each, 
one  of  them  3  inches  and  the  other  4  inches  square,  were  turned  down  in 
the  lathe  at  five  different  places,  to  ten  different  diameters,  of  from  2  to  4^ 
inches.  The  load  was  applied  at  the  end  of  a  lever  14  feet  a  inches  long. 
Particulars  of  the  experiments  are  given  in  table  No.  185 ;  the  values  of  A, 
the  shearing  resistance,  calculated  by  the  general  formula  ( 3 ),  page  535, 
are  added. 

Table  No.  185. — ^Torsional  Strength  of  Cast  Iron.  1819. 

(Reduced  from  Mr.  Dunlop's  data.) 


Diameten. 

Cubes 
of  Dianeten. 

Rata*  of 
the  Cubes. 

Weight: 

Ratio  of 
the  Breaking 
Weights. 

1 

Shearing  Stress 
per  squaie  inch. 

2 

2H 

2H 

k 

5H 

4 

4X 

•  8 

1 1.4 

15.6 
20.8 
Failed 

34.3 
42.9 

52.7 

64 

76.8 

I 

1.4 

2.0 

2.6 

4-3 

54 
6.6 
8.0 
9.6 

tons. 

.tfi6 

.1714 

.182 

.312 

.523 

.554 
.742 
.865 

.963 

I 

1.6 
2.8 

4.7 

5.0 

6.6 

7.7 
8.6 

tons. 

8.530 
9.201 

1  7.123 

8.761 

9.299 

7.902 
8.604 
8.265 
7.691 

8.375 

It  seems  that  the  ultimate  torsional  strength  increased  very  nearly  as  the 
cube  of  the  diameter,  and  that  the  average  torsional  resistance  per  square 
inch  of  section  was  8.375  tons.  Assuming,  as  explained  at  i)age  561, 
that  the  shearing  resistance  of  cast  iron  is  equal  to  its  direct  tensile  resist- 
ance, the  general  formulas  for  torsional  strength  ( i ),  page  534,  and  ( 6 ), 
page  536,  become,  by  substitution, 


For  cast-iron  round  shafts,  W=--i24^=-^  

R         3.6  K 

For  cast-iion  square  shafts,  W  =  -:i^-L  =  -ii4-   

R        2.5  K 

W  -  the  force,  in  tons. 
R  ^  the  radius  of  the  force,  in  inches. 
WR  -  the  moment  of  the  force,  in  statical  inch-tons. 
d  =  the  diameter  of  the  round  shaft,  in  inches. 
^  =  the  side  of  the  square  shaft,  in  mches. 
1  sthe  ultimate  tensile  strength,  in  tons  per  square  inch. 


(12) 
(13) 


^AntuUscf  l^ilotopfy,  toL  xiiL  1819. 
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If  the  tensile  strength,  j,  be  taken  at  7.2  tons,  for  iron  of  average  quality, 
then,  by  substitution  and  reduction: — 

UUimate  Torsumal  Strength  and  Stset  «fCast-Irm  S/utfts  4(f  average 
Round  shaft,   W=^^    (14) 


rf-^i!L^  =  .79^WR  ...  (15) 


Square  shaft     (  16  ) 


Torsional  Deflection  of  Cast-Iron  Bars. 

In  the  absence  of  direct  data  for  the  tofsiot«al  deflection  of  cast-iron  bars, 
it  is  assumed  that  it  is  times  that  of  wrought-iron  shaftan-the  same  pro- 
portion as  that  of  the  transverse  deflections  of  cast-iron  and  wrought-iron 

shafts,  as  indicated  by  a  comparison  of  the  formulas  (8),  page  564,  and 
(5),  page  590.  Multiply,  therefore,  the  second  member  of  the  formula 
{14),  page  592,  by  ify,  the  coefficient  1070,  or  exactly  1073,  becomes 
(1073  x3/j-)  644:— 

Tarsumal  DefUOwn  of  Rwnd  Cast-Iran  Bars, 

^=5^1  
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STRENGTH  OF  WROUGHT  IRON. 


Tensile  Strength. 


Mr,  Telford  deduced  from  his  experiments,  an  avenge  tensile  strength  of 
29.25  tons  per  square  inch  for  WTOUght-iron  bars. 

Mr.  Barlow  deduced  from  the  results  of  eight  bars  of  wrought  iron — 
Swedish,  Russian,  and  Welsh,  from  i}(  inches  square  to  2  inches  in 
diameter — an  average  tensile  strength  of  25  tons  per  square  inch. 

Mr.  Bariow  also  deduced  fini>m  experiments  on  bars  of  from  i  inch  in 
diameter  to  2  inches  square,  that  the  elastic  tensile  strength  of  good 
medium  wrought  iron  was  10  tons  per  square  inch;  and  that  the  extension 
was  at  the  rate  of  '/,0.000th  part  of  the  length  per  ton  per  square  inch; 
and  that,  therefore,  the  elasticity  was  fully  excited  when  the  bar  was 
stretched  '/,000th  part  of  its  length. 

Sir  William  Fairbairn  published,  in  1861,  results  of  experiments  on  the 
tensile  strength  of  wrought  iron,  which  are  rendered,  slightly  adapted,  in 
tables  Nos.  186  and  187 : — 


Table  No.  186. — Tensile  Strength  of  Wrought  Iron.  1861. 


(Sir  WUUun  Fairbttim.) 


D—CMfTioii  or  ham. 


Lowmoor  iron  (specific  gravity  7.6885).... 

Lancashire  boiler  plates  (9  specimens).  

Staffordshire  iron  (two  )^*inch  plates') 

rivetted  together)  ) 

Charcoal  bar  iron  

Best  best  Staffordshire  charcoal  plate  ) 

(4  experiments)  j 

Best  best  Staffioidshireplates  (4  experiments) 

Best  best  Stalfoidshire  plate  

Best  Staffordshire  

Common  Staffordshire.  

Lowmoor  rivet  iron  (2  eicpeiiments).  

Staflfordshire  rivet  iron  

Staffordshire  rivet  iron  

Bar  of  the  same,  cold-rolled  

Staffordshire  bridge  iron  

Yoikshire  bridge  iron.  


Mean  breaking 

Weight 
p«r  iquare  inch. 


Witli 
Fibre. 


28.66 
3i.8s 


Acrott 

Fibre. 


^3-43 
20.10 


21.36 
28.40 
2a  10 


22.30 
26.71 
27.36 

22.69 
26.80 
26.56 
26.65 

3796 
21.25 
22.29 


18.49 

20.75 
24.47 
24.03 
23.58 


19.82 
19.62 


Ultimale 
ElongaUon. 


V^andVas 

V5 

V«,andV« 

Vao  and  V26 
V15  and  '/„ 
Viasnd  V~ 
V«»and  V.J 

1 5 

v.. 

'/as  and  V35 
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Table  No.  187.— Tensile  Strength  of  Iron  and  Stesl  Plates  that 

HAD  BEEN  SUBJECTED  TO  EXPERIMENT  WITH  ORDNANCE  AT  ShOB- 
BURYNESS.     186 1. 

(Sir  WilHam  FaiitMim.) 


DncsiPTiOM. 

Tmacmn  or  PtAtM»  m  imcmm. 

J 

Averages! 
of  plates 
of  one 

% 

H 

2 

3 

Iron. 

Bealc  &  Co.'s.... 

tons. 

24-34 
24,17 

? 

tons. 

25-75 
23.22 

? 

tons. 

2943 
26.47 

tons. 
24. 16 
22.30 
25.16 

tons. 

25-35 
23.66 

24,63 

tons. 
24.11 
23.92 
22.73 

tons. 
25.04 

23-54 
24.16 

tons. 
24.79 

24.63 

Averages  of  j 
plates  of  the  / 
same  thickness  j 

24.26 

24.49 

27-95  1 

23.87 

24.55 

23.59 

2^2$ 

Avecace  speci- ) 
fic  gravity ...  / 

7.70 

7.72 

7.72 

7.72 



Steel. 

Howell  &  Co.'s  1 
homogeneous  ^ 
metal  ) 

Specific  gravity... 

30.70 

33-69 

30.91 

26.20 
7.89 

27.04 
7.91 

275^ 
7.91 

2739 
7.91 

29.06 

EiongiUwu  before  nature  of  specimens^  in  part  of  the  length 

{lyi  to  3  inches). 

Iron. 
Beale  &  Co  

per  cent. 
6.2 
3.0 

percent 
7.6 
4.0 

percent. 

lO.O 

4.0 

1  percent. 
17.6 

14.6 

19-3 

per  cent. 

30-5 

253 
17.9 

'percent 
28.8 
32.0 

16.0 

32.0 
26.5 

23-3 

1  porowt. 

1 

20.5 
16.5 
16.I 

Averages  



4.6 

5-8 

7.0 

1 

1 7.2 

24.6 

25.6 

27.3 

Homogeneous  \ 

1 

1  25.6 

XO.O 

20.8 

19.3 

34-5 

29.5 

25.8 

- 

From  the  first  table,  No.  1S6,  it  appears  that  llie  strength  of  iron  plates^ 
in  the  direction  of  the  fibre,  varied  from  28.66  tons  for  Lowmoor  iron,  to 
ao.io  tons  for  Staffordshire  charcoal-iron;  and  that  there  is  no  tensile 
strength  in  the  direction  of  the  fibre  so  low  as  20  tons  per  square  inch. 

Also,  that  the  averages  of  nine  irons  show,  for  the  breaking  weight, — 


With  the  fibre  23.68  tons  per  square  inch. 

Across  the  fibre  a  1.59      „  n 


Difference. 


2.09  tons,  or  about  9  per  cent 


ST&£NGTU  or  WROUGHT  IRON. 


From  the  second  tabic,  No.  187,  it  appears  that  the  thicker  plates  have 
less  tensile  strength  than  the  thinner  plates.;  whilst  the  elongation  before 
rupture  is  greater ;  thus  :— 

ytoMinciitfaick.  t»  3  indut  tludc. 

tons.  per  cent.       tons.  per  cent. 

Iron  25.57  elongation   5.8     24.06  elongation  23.7 

Homogencuua  metal... 3 1.7 7        „        18.8     27.03        „  27.3 

Sir  William  Fairhaim  tested  the  resistance  of  iron  plates  to  a  bulging 
stress.  He  stretched  two  J4^-inch  plates  and  two  ^-inch  plates  over  a 
cast-iron  frame  12  inches  square  inside,  as  in  Fig.  191,  and  subjected 
them  to  pressure  from  an  iron  bolt  3  inches  in  diameter,  with  a  hemispher- 
ical end,  which  was  applied  to  the  plate. 


Sg.  lot.— Specimen  Plate  to  resist  Bulging  Stxeis. 
SirW.  Fairbdm. 


Fig.  193. — Effects  of  Bulging  Stress. 


The  ^-inch  plates  were  indented  inch  and  }i  inch  respectively,  when 
they  commenced  to  fail  by  cracking  on  the  convex  side,  under  a  pressure 
of  4  7  tons  applied  at  the  centre.    Under  7  tons  of  pressure  they  were 

cracked  through. 

The  inch  plates  were  indented  .33  inch  when  they  commenced  to 
crack,  under  a  i)ressure  of  9  tons ;  and  they  were  cracked  through  under  a 
pressure  of  17  tons.    See  Fig.  192. 

The  resistance  to  bulging  in  tiiese  experiments  was  in  proportion  to  the 
tfdckness  of  the  phtes. 

To  test  the  effect  of  cold-rolling  on  iron  bos,  Sir  William  Faiiiiaini 
tested  three  bars,  and  obtained  the  fdlowing  resolts  i — 

Tensile  Strength 
per  square  inch. 

Black  bar  from  the  rolls   26.0  tons. 


turned  to  i  inch  in  diameter.....  27.1  „ 
cold-rolled  to  i  inch  in  diameter  39.4  „ 


20  per  cent 
22 
8 


99 
99 


showing  that  the  tensile  strength  was  increased  by  one-half;  but  that  the 
elongation  was  reduced  to  less  than  a  half. 

With  respect  to  the  influence  of  temperature.  Sir  William  Fairbaim,  in 
1857,  found  that  the  strength  of  ordinary  Staffordshire  iron  plates,  either 

with  or  across  the  grain,  remained  the  same  for  temperatures  varying  from 
0°  F.  to  400°  F.  At  higher  temperatures  the  strength  declined,  until,  at  a  red 
heat,  it  fell  from  an  ordinary  average  of  20  tons  to  15^  tons  per  square  inch. 

Mr.  'i'homas  Lloyd  tested  the  tensile  strength  of  Staffordshire  S.  C.  Crown 
bars,  1 3^  in(  hcs  in  diameter,  of  one  kind.  The  same  bars  were  broken 
four  times  in  succession,  and  the  successive  breaking  weights  were  for  the 


Tensile  Strength. 

ist  Breakage  ^10  trials)   23.94  tons  per  square  inch. 

2d      „      (10   „  )   25.86 

3d      „      (7         )   27.06 

4^     99      (6     „  )   29.20 


99 
99 
99 


99 
99 
99 
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showing  a  variation  in  the  same  bars  of  from  23.94  to  29.20  tons,  or  18 
per  cent  of  the  maximum  tensile  strength. 

The  teosalt  strength  of  i  |4-hich  round  Staffordshire  bars  of  various  lengths 
was  found  by  Mr.  Uoyd  as  follows: — 

Breaking  Weight. 

6  Bars,  10   feet  long   32.21  tons. 

6  Do.    3.5  „      „    32- 1 2  „ 

6  Do.    3    „     „    32.35  »i 

6  Do.   a    „     „    32M  „ 

6  Da  10  inches  long   32.39  „ 

showing  that  the  strength  was  not  affected  by  the  length. 

Mr.  Edwin  Clark  found  the  average  tensile  strength  of  iron  per  square 
inch  as  follows: — 


Stafibrdshire  boiler  plates,  }4  to  "/16  inch  thick,  with  fibre,  19.6  tons. 

with  fibre,  19.93 
across  fibre,  16.82 


Da      special  triab  i    with  fibre,  19.93 


»> 


Difference,  i5>^  per  cent  less   3.11 

Best  scn^  rivet  iron,     inch  diameter,   34.0 


n 

99 


He  also  found  that  the  ultimate  resistance  to  compression  in  a  wTought- 
iron  bar  was  16  tons  per  square  inch,  at  which  pressure  the  metal  began  to 
ooze  away.  Under  la  tons  per  square  inch,  the  set  was  so  great  that  the 
form  began  to  change;  and  this  pressure  was  taken  as  the  average  ultimate 
resistance  to  compression  that  may  be  recognized  in  practice.  The  elastic 
limit  of  tensile  strength  was  also  taken  as  is  tons  per  mch;  and  Mr.  Edwin 
Clark  concluded  thus : — 

"  It  is  very  nearly  true,  and  very  convenient  in  practice,  to  assume  both 
the  extension  and  compression  to  take  place  at  the  rate  of  one  ten-thousandth 
(ra.JnnF)  ^^^^  length  for  every  ton  of  direct  strain  per  square  inch  of 
section  " — agreeing  in  this  respect  with  Mr.  Bariow. 

Mr.  Edwin  Clark  found  that  the  resistance  of  Zj-inch  rivet  iron  to 
shearing  was  as  follows : — 

Tom  per  Square  Inch 

Resistance  by  single  shearing,   34.15 

Do.     by  double  shearing,   3a.t 

Do.     in  two  ^^nch  plates  rivetted  together 

(one  section),   30.4 

Do.      in  three  ^-inch  plates  rivetted  together 

(two  sections),   22.3 

Tensile  strength,   24.0 

WTien  three  5^ -inch  plates  were  rivetted  together  with  a  J^-inch  rivet, 
the  frictional  resistance  to  displacement  of  the  middle  plate,  the  hole 
through  which  was  larger  than  the  rivet,  was  from  6  to  8  tons. 
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Experiments  on  the  Tensile  Strength  op  Wrought  Iron  and  Steel. 

By  Mr.  Kirkaldy,  1858-6 1. 

Mr.  David  Kirkaldy  conducted,  for  Messrs.  Robert  Napier  &  Sons,  an 
extensive  series  of  trials  of  the  tensile  strength  of  iron  and  steel  bars  and 
plates,  the  results  of  which  threw  much  light  on  the  properties  of  these 
metals.^ 

The  specimens  of  bars  were  formed  with  a  head  at  each  end,  united  to 
the  body  of  the  bar  by  taper  necks,  to  receive  tiie-  shackles,  as  shown  in 
Figs.  193  and  194.   Screw  bolts  and  nuts  were  shackled  as  in  Fig.  195. 


>ff3»  >94t  ^"Mr.  Kirkaldy't  Tcit  ^wdr  P|gk  S96  to  199b— Mr.  Kirkaldy**  Tot  Sptfimnn 

meni  of  Ban.  of  Pklcs. 


The  clear  length  of  bar  was  about  7  inches.  The  plate  specimens  were 
formed  as  in  Fig&  196  to  199,  the  ends  of  the  thinner  plates  being  forti- 
fied by  flitches  riveted  on  both  sides.  The  increments  of  load  were 
applied  slowly  and  graduaDy. 

The  specimens  of  bar  iron  varied  from  ^  inch  to  inch  in  diameter; 
but  they  were,  for  the  most  part,  from  ^  inch  to  i  inch  in  diameter.  There 
did  not  appear  to  exist  any  material  difference  of  strength  that  could  be 
ascribed  to  difference  of  diameter. 

T€nsi/€  Str€figth  and  MhngtUum  of  Iron  Bars, 

The  average  ultimate  tensile  strengths  of  iron  bars,  and  their  total 
elongations  or  stretching  when  fractured,  were  as  follows: — 

*  The  results  of  Mr.  Kirkaldy's  important  investigations  are  published  in  his  work, 
Experiments  on  Wrought  Iron  and  Steely— ^  mine  of  experiment  and  research.  The  data 
in  the  text  are  reduoed  from  this  work. 

It  b  right  to  explain  that  Mr.  Kirkaldy  expresses  the  resistance,  in  all  cases,  in  pounds; 
and  that  they  are,  in  the  text,  converted  into  tons.  For,  though  the  pound-unit  commends 
ittdf  as  m  Mate  nnh  of  great  simplicity,  yet  engineeis  are  accmtowico  to  think  fa  terms  of 
tons,  and  will  continue  to  do  so,  until  some  universal  decimal  system  is  adopted,  by  which 
the  ordinary  ton  may  be  superseded.  It  must  be  admitted  that  the  ton  of  2240  lbs.  is  a 
barbarous  unit,  and  that  the  New  York  ton  of  2000  lbs.  is  in  every  sense  superior  lo  the 
old  BrMah  idic 
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Tensile  strength  per  EWation. 
square  inch. 

Yorkshire  rolled  bars,   27.39  tons.  25.2  per  cent 

Staffordshire     do   25.90   „  23.5  „ 

Lanarkshire     do   26.55   >»  ^9-4  »» 

Rivet  iron,      do   26.00  „  2a 5  „ 

»  ~~~~  n 

Averages,   26.46   „  22.2  „ 

Hammered  scrap,  forged  down,          23.85  „  24.8  „ 

Bushelled  iron  (turnings),  forged  doNvn,  24.95  »  ^^-^  >» 

Crank-shaft,  scrap  iron,  with  fibre,...  20.37  „  21.8  „ 

Do.  do.        across  fibre,    18.55  »  ^2.5  „ 

Armour  plate,  across  fibre   16.92  „  9.0  „ 

Averages,   20.93   »  i7-o  » 

The  lowest  tensile  strengths  of  the  better  kinds  were  not  more  than 
I  ^2  ton  below  the  average  for  each  brand. 

Contraction  of  the  Sectional  Area  in  Fracture. 

The  reduction,  in  size,  of  a  piece  subjected  to  tensile  strain  is  practically 
uniform  throughout  the  portion  that  is  strained,  except  near  to  the  point 

of  rupture,   where  the 


r 

— 

— — 
* — 

K  

%1^ 


piece   is   locally  much 
,^     1  ^      more  contracted  in  size, 

 r;--;'::'^  as  illustrated  by  Fig.  200, 

^  ^y'         which  shows  the  contrac- 

^         ^  tion  of  a  i-inch  round 

Fie.  TOO. — Contraction  of  Specimen  Bars.  i         r      r..  t»  !• 

'  ^  bar  of  soft  Bowlmg  iron, 

with  the  line  of  fracture.  The  diameter,  in  this  instance,  was  reduced 
3/33  inch,  and  the  sectional  area  was  reduced  at  the  fracture  to  43.56  per 
cent  of  the  area  of  the  original  section.  In  the  following  selection  of 
examples  of  fractured  sectional  areas,  the  percentage  ranges  from  29.5  per 
cent,  to  87.8  per  cent. 

Iron  Bars — Fractured  Sectional  Areas. 

Per  cent,  of  original  area. 

Swedish  R.  F.  charcoal,   29.5 

Staffordshire,  charcoal,   38.4 

Yorkshire,  Lowmoor,   46.3 

Stafford-shire  B.  B.  scrap,   47.6 

Do.         S.  C.  crown,   53.4 

Scotch  extra  best  best,   58.5 

Do.    best  best,   68.9 

Do.    common,   71.6 

Do.    common,   85.2 

Russian  C.  C.  N.  D.  (for  steel)   89.8 


Average,   59.0 
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Siraigth  as  the  Diameter  is  Reduced  by  Rolling. 

Four  pieces  were  cut  off  a  i^-inch  bar,  reheated  and  rolled  down  to 
difierent  sues.    They  had  the  following  tensile  strengths : — 

DnoMler.  Tensile  strength  per  Eian-atiqn. 

inch.  tons.  per  cent. 

  22.38    28.3 

I   25.60    26.7 

y^  2597  25.2 

Yt  26.65    23.8 

showing  an  increase  of  tensDe  strength,  and  less  elongatioa 

Straigth  as  Ajjfccted  by  Turnings  or  Removing  the  Skin, 

Rolled  bars  inch  diameter  were  turned  down  to  i  inch,  and  tested. 
The  average  results  of  four  urons,  so  treated,  were  as  follows : — 

Tensile  ttreagth.  EIongeiioB. 
tons  per  square  inch.  per  cent. 

Rough  bars,   24.38    ly.a 

Tun^bars,   35.00    19.3 

showing  that  the  turned  bars  were  at  least  as  strong  as  the  rough  bars. 

Strength  as  Ajfecttd  by  Forga^, 

I  ^-inch  round  bars  of  four  kinds  of  iion  were  reduced  by  forgh^  to 
I  inch  and  ^  inch  in  diameter. 

Tons  per  inch.  Elongation. 

Rough  bars,   25.13    24.5  per  cent 

Forged  bars,   26.ro    17.3  „ 

showing  an  increase  of  strength  equal  to  i  ton  per  square  inch  by  the 
forging  down,  and  a  reduction  of  elongation. 

Strength  as  AffecUd  by  RduaOng  only. 

Five  different  irons,  i  inch  in  diameter,  of  which  the  ooUaiB  had  failed 
at  the  first  trial,  had  the  collars  replaced.  The  effects  of  the  reheating  to 
which  the  five  bolts  were  subjected  in  the  operatioR  are  thus  shown  >— 

Tons  per  inch.  WonpitioP. 

I  St  Trial,   25.86    lo.i  percent 

2d  Trial,   24.88    32.6  „ 

showing  a  reduction  of  i  ton  per  squaie  inch  of  tensile  strength,  whilst  the 

elongation  was  trebled. 

On  the  contrary,  two  pieces  of  a  ^-inch  bar  of  good  iron  were  tested, — 
one  in  its  ordinary  condition,  and  the  other  after  it  had  been  brought  to  a 
welding  heat,  and  cooled  slowly. 

Tois  per  inch.  BleiigvliMk 

In  ordinary  condition,   25.27  ......  22.3  per  cent 

Heated,  and  cooled  slowly          25.21           r7.7  „ 

Strm^tJi  as  Affected  by  Intense  Cold. 

Three  f  iiercs  of  a  ^-inch  bar  were  tested,  one  at  64°  F.;  the  others,  after 
having  been  exposed  over  night  to  intense  frost,  were  broken  at  23°  F.: — 
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Tons  per  inch.  Elongation. 

At  64^    24.87    24.9  per  cent 

At  23**    24.28    23.0 

showing  that  at  the  lower  temperature  the  strength  was  a  Uttle  less  by 
0.59  ton. 

Strength  as  Affcctai  by  Notching  the  Bar. 

The  two  ends  of  r  inch  round  specimen  bars  were  screwed,  and  the 
screw  at  one  end  was  divided  by  turning  out  a  square  notch  or  groove 
inch  wide,  as  ai  Fig.  201,  leaving  a  diameter  of  .70  inch  at  the  bottom 

of  the  groove.    After  having  been 

K^^^^^^jy|j||*BI  broken  at  the  notch,  the  body  of  the 
■■HH^IHHKHII  bar  was  turned  down  to  the  same 

diameter  as  the  notch  had  originally, 
and  the  bar  broken  a  second  time. 


through  the  body.  The  following  are  selections  from  the  results  of  such 
tests  applied  to  bar  irons ;  the  strength  of  the  rough  bar  being  added  for 
comparison.  The  elongations  are  not  recorded;  but  the  contracted  sec- 
tional areas  of  fracture  are  here  given: — 


Lowmoor  (hardest  bar),... 
Govan  Diamond,  

Teadle  StmtAi. 

CootiMted  Sectiooal  Am. 

Noldiod. 

Turned 
Down. 

Rough 
Bar. 

Nolchad. 

Turned 
Down. 

Rough 
Bar. 

tons. 

40.95 
29.87 

30.96 

29.87 

31.57 

25.01 

25.70 
28.17 

lOM. 
39.10 

26.20 

25-71  \ 
23-15  j 

per  oeoc* 
93.0 

72.2 

75-9 
100.0 

percent. 
50.8 
44.4 

46.4 
92.0 

percent. 
49.0 

43-6 

50.8 
96.1 

32.91 

27.61 

26.04  1 

85.0 

58.4 

59-9  1 

showing  a  remaikable  excess  of  resistance,  more  than  5  tons,  at  the  notch, 
due  apparently  to  the  shortness  of  the  notched  portion,  which  was  partially 
sustained  by  the  thicker  parts  on  each  side,  whilst  the  oontnicdon  of  area 
was  in  a  measure  prevented. 

Sim^h  of  Bars  or  BoUs  as  AficUd  hy  Screwing, 

Screws  with  rounded  threads  were  cut  in  three  modes— by  means  of  old 

blunt  dies,  new  sharp  dies,  and  chasers;  and  tested  for  tensile  strength. 
The  following  selection  of  results  has  been  made  for  the  purpose  of  fair 
comparison ;  premising  that  the  diameter  at  the  base  of  the  thread  ¥ras  the 
same  for  all  the  screwed  bolts  of  one  diameter: — 

If oC  Screwed.  Screwed.  Dilference. 


ijj^-inch  bolts,  screwed,   24.47 

J,       „        chased,   24.45 

l-inch  bolts,  screwed  old  dies\  27.60 
„       „       screwed  (new  dies),  27.10 

„      „      chased,   27.95 

^-inch  bolts,  screwed  (old  dies),  26.47 
screwed  (new  dies),  26.47 
chased,   26.47 


n 
n 


18.23 

17.20 
24.62 
19.04 
20.03 
22.77 
19.47 
18.70 


6.35,  or  25  per  cent.  less. 

7.25,  or  29  „ 
2.98,  or  1 1 
8.06,  or  30 
7.93,  or  28 
3.70,  or  14 
7.00,  or  26 
8-77,  or  33 


»» 

n 
»» 


» 

>♦ 
n 
n 
ft 
»i 
n 
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A  decided  variation  of  strength  is  due  to  the  mode  of  cutting  the  screw. 
The  bluDt  dies,  compressing  the  metal,  as  Mr.  Kiikaldy  argues,  harden  it, 
aod  increase  its  tenaie  resistance.  The  sharp  dies,  cutting  more  readily, 
do  not  compress  the  metal  so  much  as  the  blunt  dies.    The  chaser  does 

not  compress  it  at  all.  Hence,  the  reduction  of  strength  is  greater  in 
screwing  with  sharp  dies  than  with  blunt  dies,  and  is  greatest  when  the 
diaser  is  used. 

Stren^A  0/  Bars  as  Afftaei  hy  Wilding. 

The  pieces  of  bar  iron  to  be  tested  were  cut  through  the  middle,  and 
scarfed  and  welded  in  the  ordinary  manner.  The  tensile  strength  at  the 
weld  was  in  all  cases  less  than  that  of  the  original  bar,  as  well  as  the  elonga- 
tioii  before  fracture  The  following  are  the  averaged  results  for  each  dass 
of  irons: — 

TeiuUe  Strenflidi.  Elongation. 

Glasgow  E  Best,  \%  inch  diameter,  .T17.6   'd.^^ 

Famley,  i  „    3aa    7.3 

Govan  B.  Best,      ^        „    14.5    5.9 

Govan  £xtra  Bb  B.  ^        „    15.  i    10  5 

Average,   19.4  7.6 

These  averages  conceal  the  excessive  fluctuatioDS  of  strength,  which  varied 
from  2.6  to  43.S  per  cent  below  the  normal  strength  of  the  bars. 

Strwf^  0/  Bar  Iron  in  Resisting  Stress  Suddenly  Afpiied, 

In  a  special  series  of  trials,  when  the  steelyard  was  duly  loaded,  and  all 
tant,  it  was  suddenly  released  by  means  of  a  trigger;  so  that  the  stress  was 
delivered  upon  the  specimen  suddenly,  but  without  any  blow  or  jerk.  Mr. 
Kiikaldy  ascertained  the  value  of  die  rupturing  stress  for  eadi  iron  by 
taking  the  mean  between  the  lowest  stress  that  caused  ruptiire  and  the 
highest  that  did  not  do  so.  The  specimens  consisted  of  i-inch  round  bars. 
The  following  are  the  comparative  tensile  strengths: — 


Load  AmmL 

Gradually. 

Suddenly. 

25.45 

27.82 

26.48 
36.81 

26.70 
26.70 

torn. 

22.05 
22.10 
21.37 
3a9i 
20.45 
21.07 

34.87 

33.50 

15.83 

25-54 

2a78 

EumCATIOM. 

Gradually. 

Suddoaly. 

per  cent. 

percent. 

"  30.2 

40.1 

25.3 

22.5 

25.0 

37.0 

23.6 

253 

aai 

34.9 

17.3 

3I.I 

16.9 

Bradley  charcoal,...., 
Bradley  Crown  S.C., 

Lowmoor,  

Lowmoor,  

Glasgow  B.  Best, .... 
Glasgow  B.  Best,.... 
Glasgow  B.  Best  ) 
(X-inch  bars),  ) 
Crank-shaft,  


3.40,  or 
5.72,  or 


134 
20.6 


5.1 1,  or  19.0 

5.90^  or  33.0 

6.25,  or  24.8 

5.63,  or  19. 1 

3.37,  or  9.6 

3.73,  or  i9bO 

4.76,  or  18.6 


20.1 
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These  resnhB  show  that  the  tensile  lesistaoce  to  ihurtuie  by  suddeiiljfs- 

applied  stress  is  from  2  to  6  tons  per  square  mch,  or  ftom  10  to  25  -per  cenL 
less  than  when  it  is  gradually  applied.  The  average  elongation  is  also  lesi^ 
—-decidedly  more  so,  if  the  exceptional  spedmen,  Bradley  charcoal  bar,  be 

omitted  from  the  average. 

The  Jtifluence  of  Frosty  at  23°  F.,  on  the  tensile  resistance  of  bar  iron  to 
strains  suddenly  applied  was  tned  on  seven  specimens  cut  from  a  ^-inch 
bar  of  Glasgow  B.  Best  iron.  The  average  results  showed  3.6  per  cent, 
diminution  of  resistance;  and  a  reduction  of  elongation  from  25  per  cent 
to  30^  per  cent 

Infiunue  of  Additional  Hamnuritig  oti  the  Iron  in  a  large  Crank-iht^ 

Hiree  pieces  \%  indies  square  were  cut  out,  and  forged  down  to  i>i 
inch,  and  turned  to  i  inch  in  diameter.  Compared  widi  two  pieces  which 
were  simply  cut  out,  and  turned  down  to  i  inch,  the  results  were  as  follows : — 

ToMptriacb,  BlooffMioa. 

Cut  out  and  turned  down,   19  90           16.8  per  cent 

Cut  out,  forged  down,  and  turned,....  23.70           11.7  „ 

showing  20  per  cent  increase  of  strength  with  reduced  elongatioiL 

Strength  of  Manmered  Iron  as  Affected  by  Removing  the  Shin, 

Two  1 54 -inch  square  bars  of  Govan  hammered  iron  were  turned  down 
to  I  inch  in  diameter.  Compared  with  i  inch  square  Govan  hammcKd 
bars,  in  their  skins,  they  gave  better  results,  thus: — 

Tons  per  inch.  Elongation. 

i-inch  square  bars,   28.60           20.6  per  cent 

I ^-inch  square  bars  turned  down,....  30.35           23.5  „ 

.ffordentng  Tron  JBars, 

A  i}^-mc\\  round  bar  of  Bowling  iron  was  cut  into  several  pieces,  which 
Were  turned  and  iorgcd  down,  and  hardened : — 

Diameter.  Tons,  per  inch.  ElonsT'iti'^n. 

Turned  to  1  inch,   27.15    28.3  per  cent 

Foiged  to  .87  inch,  hardened  in  water,  32.79           19.6  „ 

Do.    .78  „        „         od, ...  28.85           19*8  „ 

Do.    .70  „        „         tar,...  28.06           22.4  „ 

showing  that  hardening  in  water  increases  the  strength  more  than  in  oil 
or  tar. 

The  tensile  strength  of  the  second  piece,  above  noted,  namely,  32.79 
tons  per  square  inch,  was  the  greatest  stroigth  of  iron  observed  by  Mr. 

Kirkaldy. 

Experiments  on  pieces  cut  from  the  large  crank  shaft  already  mentioned, 
and  from  an  armour-plate,  and  hardened,  show  that  there  \y7is  no  increase 
of  tensile  strength  by  hardemng,  and  that  the  elongation  was  reduced. 

Case-hardenins^  Iron  Bars. 

By  case-hardenini:  specimens  of  several  irons,  and  cooling  them  in  oil, 
or  in  water,  or  slowly,  the  loss  of  tensile  strength  averaged  2.21  tons  per 
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square  inch ;  whilst  three-fourths  of  the  elongation  was  gone.  The  averages 
may  be  placed  together  fur  easy  comparison : — 


Cas^kaidbmbb. 

tioQ. 

! 

In  Ordinary  Con- 
[  dition. 

C.  Forged,  and  cooled  slowly,  

25-39 

23.70 

2536 

22.11 

percent. 

6.2 

2.9 
1 1.6 
4.9 

26.50 
26.50 
27.07 

2532 

per  cent  1 

26.6 
26.6 
23.8 
20.7  1 

24.14 

6.4 

26.35 

24.4  , 

Cold-roUed  Iron  Bars, 
Five  pieces  of  )^-inch  Blochaim  bar-iron  were  treated  as  follows: — 

Tons  per  inch.  Elongation. 

Cold^oUed  (2  pieces)  ..^   31.86      11.8  per  cent 

Cdd-rol]ed  and  annealed  (2  pieces)        36.50      25.6  „ 

III  ordinaiy  condition  ( I  piece).   37.06      32.8  „ 

showing  that  cold-rolling  added  nearly  5  tons  to  the  strength,  which 
lost  when  the  bars  were  subsequently  annealed. 

Strength  of  Av^le-iron^  Ship  straps  and  Beam-iron. 

The  tensile  strength  of  angle-irons,  about  -5  8-i"^^  thick,  is  generally  less 
by  from  i  to  2  tons  per  S(  jiiare  inch  than  that  of  bar-iron.  The  tensile 
strength  of  ship-strap  and  beam-irons,  from  3  8  to  i  inch  thick,  is  2  tons  less 
than  that  of  angle-irons.    The  elongations,  correspondingly,  are  also  less. 

TensUe  Strength  ^  Irm  Plates. 

Imn  plates,  of  thjcknesses  wying  for  the  most  part  from  ^  inch  to 
1^  inch  thick,  cut  into  specimens  \%  and  3  inches  wide,  were  tested.^— 


Platss.  j 

Tons  pkr  Inch, 

Elo.ngation. 

With  Fibre. 

Acroii  Fibre. 

With  Fibre. 

AcrosB  Fibre. 

24.75 
23.01 

22.89" 

2337 
21.96 

ton. 

22.64 
21.40  , 
21.39 
19.22 

19.56 

percent. 

13-4 

9-3 

9-5 
9.6 

7.0 

pervett. 

8.0 

5.3 

5-2 

2.8 

3-2 

33.20 

30.84 

9.8 

4.9 

The  greatest  difference  of  the  lowest  tensfle  vtrength  in  any  group  was 
3  tons  per  inch  below  the  average  of  the  group.   In  the  Yorkshire  pfaites 

it  did  not  exceed  2  tons. 

The  tensile  strength  across  the  fibre  is  from  i  ^/^  tons  to  4  tons  per  inch 

less  than  that  with  the  dbre.    The  average  did'erence  is  jo  per  cent 

87 
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Rradund  SeUkmal  Ana  pf  Irm  PtaUs, 

With  Flbi*.  AooM  Fibre. 

Yorkshire  63.5  per  cent   79. 7  per  cent  of  origiDal  area. 


76.5 

Staffordshire  crown  S.  C.  78.5 
Bradley....  84.3 

Scotch  best  boiler  87.3 

Staifordshire  best  best...  90.9 

Scotch  ship  95.4 

Scotch  common  94.4 


If 
i> 

>> 
» 
>» 


83.7 

89.9 

92.0 

93-6 
94.6 

97.5 
98.5 


>t 

n 
n 
it 

>> 
>> 


n 
» 
n 
n 
ff 
»> 


Cold-rollt  d  Iron  Plates. 

Pieces  of  Blochairn  plate  .345  inch  thick  were  reduced  by  coid-roUing 
to  .238  inch  thick,  or  to  two-thuds: — 


ToMsn 

mliicB. 

Elongation. 

With  Fibre. 

AcroM  Fibre. 

WidiFIbie. 

AcroetFibR: 

20.45 
39-73 

22.75 

19.20 
36.00 
21.72 

per  cent. 

4-4 
ai 
8.0 

per  cenL 
2.6 
0.0 

6.0 

Cold-roUing  nearly  doubled  die  strength,  but  annihilated  the  elongation. 
By  annealing,  all  but  2^  tons  per  inch  of  the  extra  strength  was  lost;  but 
the  original  elongation  was  doubled. 

Strength  of  Iran  Plates  as  Affected  by  Gahfaninng. 

Fourteen  specimens  of  Glasgow  best  boiler  plate,  from  3/,^  to  inch 
thick,  were  prepared  for  trial,  half  the  number  having  been  galvanized. 
There  was  no  perceptible  difference  in  any  respect  between  the  galvanized 
and  the  ungalvanized  plates. 

Spedfie  Gravity  of  the  Irons  Tested, 

Yorkshire  rolled  bars        7.7600   Armour-plate   7-6134 

Staffordshire  rolled  bars...  7.6178    Angle-iron   7.6006 

Lanarkshire  rolled  bars...  7.6280   Iron  plates   7.6287 

Crank-shaft   7-6307 

The  specific  gravi^  was  diminished  by  cold-rolling,  though  the  tensile 
strength  was  increased;  as  follows: — 

Ordinaxy.  Cold*roUed. 

Bar  iron,  specific  gravity   7.636    7*582 

Boilerplate,      „    7.566    7.539 

The  specific  gravity  of  iron  was  also  diminished  by  stretching  under 
tensile  stress: —  spkcikic  gravity. 

Before  Stretchint*    After  Stretduag; 

Three  i-inch  Yorkshire  bars,  stretched  to  .90  inch...  7.752  7  674 

Two  .83-inch  Blochairn  bars,  .76   „  ...7.636  7  5^9 


Average  for  five  bars   7.760  7  632 

showing  an  average  reduction  of .  1 28,  or  1.65  per  cent,  in  the  specific  gravity. 
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EXFBRIMENTS  OP  THE  StEEL  COMMITTEE  OP  CiVIL  ENGINEERS.  1870. 

The  Steel  Committee,  who  will  be  again  noticed  in  treating  of  the 
strength  of  steel,  tested  the  strength  of  a  number  of  wrought-iron  bars 
I  inches  diameter,  consisting  of  twelve  bars  of  Lowmoor  iron,  six  bars 
of  best  Yorkshire  iron,  and  six  bars  of  usual  S.  C.  Crown,  or  Stafford* 
shire  iron.  Table  No.  189  gives  condensed  results  of  the  experiments 
for  the  tensile  strength  of  wrought-iron  bars,  in  10  feet  of  len^;  and 
table  No.  1 88,  the  same  for  their  compressive  strengths. 

Note  to  Tables  Nos.  188,  189. — The  lowest  elastic  strength  in  any  group 
of  bars  did  not  exceed  i  ton  per  square  inch  less  than  the  average  elastic 
strength;  say,  not  more  than  10  per  cent,  less  than  the  average  for  iron  bars. 

A  chemical  analysis  of  these  irons  is  given  with  that  of  the  steels  tested 
by  the  committee,  in  table  No.  203,  page  603. 

Table  Na  188. — Compressive  Strength  op  Wrought-Iron  Biuts.  187a 

I  }i  indies  in  diameter.   Observations  made  on  lo.feet  lengths. 


(Reduced  from  results  of  experiments  made  by  the  Steel  Committee.) 


MukaadDwcivliQii. 

Ebuttic  Strength 
(Compressive) 
in  Tons  per 
Square  ladk 

ElMlic  CoBpmiioo. 

Elastic  Compression 
per  Ton  per  Square 
Inch,  in  parts  of 
the  Length. 

L  S  5  ,  

LS6  „   

tons. 

13.5 
13.0 

per  cent. 

.101 
.106 
.101 

length  =  I. 

13-3 

.102,  or  I  in  977 

.000077,  or  Via,987 

L  2  „   

L  3  n   

12.5 
10.5 
11.5 

i093 
.081 

.090 

11.5 

.089^  or  1  in  1130 

t 

XJ00077,  or 

KC3  „   

KC3  n   

13.0 
13.0 

.100 
j.103 

13-0 

.101,  or  1  in  987 

.000078,  or  Vi2,8ai 

F  R  I,  usual  S.  C  Crown 

F  R  2,       „  „ 

F  R  3»          M  l» 

11.5 
11.5 
12.0 

•093 
.095 

.103 

1 1.7 

.097,  or  I  in  1030 

.000080^  or  Vi«.soo 

Summary  Aver<i^, 


Yorkshire  

S.  C  Crown  

Total  averages 


12.6 

1 1.7 


12.1 


.097,  or  I  m  1030 
.097,  or  I  in  X030 


.097,  or  I  in  1030 


.0C0077,  or  Via.987 
.000083,  or  V,..<h8  I 


.000080^  or  '/".500 
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Hammirbd  Iron  Baks  (Swsdish). 

Table  No.  190  contains  a  selection  of  results  of  trials  made  by  Mr. 
Xirkaldy  of  the  tensile  and  compressive  stien^  of  hammered  bar-iron 
manu&ctuied  by  Messrs.  Gammelbo  &  Co.,  Nencia,  Sweden. 

Table  Na  190. — Stringth  of  Swedish  Hammered  Iron  Bars.  1866. 


Tt.NiiLE  Strength. 


Size  of  Specimens  2,  3, 
or  4  of  each  tcantling,'. 

Length  for 
EUmgation. 

I 

LoweiA. 

de  Strength 
hiuar*  Inch 

Highest. 

per 

• 

Average. 

Absolute 
Strength 
per^S^are 

Elongation 
in  paru  of 
Length. 

i^'inch      round,  ) 
turne<l  down  ftom> 

Flat,  2x  }4  inch  

Flat,  i>4  x>^  inch  .. 

15  indies 

to  „ 

10  „ 
10  „ 

10  M 
15  »• 

'5  » 

toas. 
10.75 

tOM. 

13.00 

torn. 
11.05 

torn. 

18.80 

20.35 
1  18.85 
18.87 
18.92 

23.00 

20  62 
20.55 

percent 
34.6 

22.9 

33.1 
32.5 
259 
5-9 
12.1 
21.6 
16.4 

I -inch  square  iron  ) 
converted  into  blis-  ' 
tcrcd  stedl  ••*•.•«•*• 
,  2-inch  rounds  CMC  , 
hardened  

r-inch  round,  case 

>^-inch  roundt  caw 

hardened   1 

f 

12,77 

22.50 

19-35 

2325 

i.a 

COMFRBSSIVB  STUNGTB. 


1 

1    size  of  Specimens  (a,  3, 
or  4  of  eadi  acantling  j. 

^Lcpgdi  for^ 

SiMtic  Stnagtl 
Squnre  Indi 

iper 

1. 

Average.  ' 

Absolute 
Strength 
per  Square 

Inch. 

Conpfesrfen 
in  parts  of 

Length. 

ij4  indies 

3. 

I  max 

tons. 

10.10 
8.94 
8.94 

tons. 

12.64 

10.75 
9.84 

■  ■ ,       , ,  . 
tons. 
10.74 

945 
10.42 

tons. 

66.45 
>2.53 

37.90 
82.20 

per  cent. 

45-4 
3-7 
33- » 
S3-3 

I*inch  square  con-^ 
Tcrted  into  blistered  > 
stcd  j 

1  indi 

83.40 

48.3 

Sheauno  Stienoth. 

1      II  1 

1  II 

1 
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For  transvene  strength,  four  24nch  square  bars  were  tested,  on  a  span 

of  25  inches,  witii  the  following  results:— 


I 

2 

3 
4 


Breadth. 


I>epth. 


inches.  inches. 

2.04  X  2.02 

2.02  X  2.04 

1.95  X  2.02 

2.00  X  3.00 


Avemges. 


pounds. 
7.500 
7,000 
6,000 
6,000 


Deflection. 


UltioMie  StrcM.  Deflection. 


6,625 

or  2.96  tons 


inches 
.089 
.088 
.072 
.078 


pounds. 
15,888 
14,875 
13^965 

i3»338 


.082 


or  6.48  tons 


inches, 

4.98 

5-85 
5.38 


535 


The  bars  remained  unoacked  under  the  ultimate  stress. 

For  torsional  strength,  the  averages  for  four  bars  turned  to  i  ^  inches  in 
diameter,  with  a  length  of  7  diameters,  the  stress  being  applied  at  the  end 
of  a  la-inch  lever,  were  as  follows: — 

Elastic  stress   1062  pounds,  or  .474  ton. 

Deflection  in  parts  of  a  revolution  »  z . . .  .011  turn. 

Ultimate  stress   2677  pounds,  or  1.195  tons. 

Ultimate  deflection   4.70  turns. 

One-inch  square  bars  of  the  same  manufacture  were  tested.  For  tensile 
strength,  they  broke  with  an  average  of  20.34  tons  per  square  inch.  Under 
bending  stress,  the  average  results  of  four  bars,  1.04  inches  nHde  by  1.05 
inches  deep,  showed  that  they  bore  an  elastic  stress  of  1250  pounds,  with 
.216  inch  deflection.  The  ultimate  stress  was  1978  pounds,  with  6.60 
inches  of  deflection. 


Mr.  J.  Tangye's  Experiments  on  the  Compressive  Resistance 

OF  Wrought  Iron. 

A  i-inch  round  bar  of  soft  Lowmoor  iron,  8  or  9  inches  long>  was  planed 
on  two  opposite  sides  to  a  thickness  of  inch,  and  was  subjected  to 
pressure  on  one  side  under  a  steel  die     inch  square,  having  an  area  of 

^  square  inch. 

The  following  are  the  results  of  the  tests;  and  they  prove  clearly  that  a 
unit  of  iron  has  a  much  greater  power  of  resistance  when  it  forms  a  portion 
of  a  larger  mass,  than  when  it  is  isolated  in  the  manner  customary  In  making 
experiments  on  resistance  to  compression: — 

Load  per  square  inch. 


12  tons   no  impression. 

j6  m    >t 

ao  i>    u 

24  n    slightest  indentation,  sensible  to  the  finger-naiL 

28  „    dironcdy  visible,  edge  followed  by  finger>nail. 

3*  ♦»    »»  »»  >» 

40  „    indented  about  ^l^th.  inch. 
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Krupp  and  Yorkshire  Iron  Plates.  1875. 

Mr.  Kirkaldy  made  an  experimental  inquiry  into  the  relative  properties  of 
wrought-iron  plates  manufactured  by  Hcrr  Krupp,  Kssen,  and  plates  manu- 
factured in  Yorkshire.  The  results  are  detailed  in  a  valuable  report  bv 
Mr.  Kirkaldy,  from  which  the  following  particulars  have  been  extracted. 
Twenty-seven  plates  in  all,  not  less  than  4 
feet  by  3  feet,  of  three  thicknesses,  |^  inch, 
^  inch,  and  5^  inch,  were  obtained  from 
Mr.  Krupi>  and  from  six  Yorkshire  manufac- 
turers; from  which  the  specimens  were  cut  Fig.  Test  Specimen*  for  Tensile 
out.  The  Yorkshire  brands  were: — Ixdw-  Sttwfih. 
moor,  Bowling,  Farnley,  Taylor's,  Cooper  ^:  Co.,  and  Monkbridge. 

Tensile  Strength. — Table  No.  191  gives  conden.sed  results  of  the  tests  for 
tensile  strength.  Each  entry  for  Krupp  iron  is  an  average  for  nine  speci- 
mens; and  for  Yorkshire  iron,  for  eighteen  specimens.  The  results  for  the 
three  thicknesses  aie  nearly  aHke.  The  fonn  of  the  specimens  is  shown  in 
Fig.  203. 

Table  No.  191.— Krupp  and  Yorkshire  Iron  Plates— Tensile 

Strength.  1875. 

Tliickiiestes  yi,  yi,  and  yi  inch.   Breadth,  2  inches;  kogth  for  extension,  10  inches. 


(Rednoed  fiom  Mr.  KirkaMy's  Reports.) 


DciciiptfoB. 

Elastic 
Strength 
per  sauare 
inch. 

Strength 

per  Miuare 
iocn. 

Ratio  of 

Elastic  to 
Ultimate 
Strength. 

Extai 

'  At 
i  pcrsquaie 

Uldaiate. 

Sectional 
Area  of 
Fmctim. 

Lengthwav. 
UnauneaUd^ 

toos. 

11.6 
12.4 

tons. 

22.7 
21.3 

per  cenL 

51.3 
584 

j  per  cenu 

i  % 

per  cent. 

25.4 
16.7 

per  cent. 

60.4 
79.4 

AnneaUd^ 

IIjO 

12.0 

21.0 

2ai 

52.5 
59.6 

2.72 
142 

28.2 
184 

56.3 
77.8 

Crossway. 
UnanncaUd'^ 

114 
124 

21.7 
2a5 

|2.6 
614 

1.3s 

174 
11.2 

75.2 
85.3 

Annealed — 

ia8 
12.1 

20.4 
19.2 

527 
62.8 

12.8  ; 

73-0 
83.1 

Averages. 

1 

1 1.2 
12.2 

21.5 
2a2 

52.1  1 

6a4 

\  1.94 

1  .85 

1 

1 

22.6 
14.8 

66.2 
814 
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Effut  &f  Drilled  Holes  and  Punched  Hides  on  the  TensUe  Strength. — 
Specimens  8  inches  wide  were  prepared  according  to  Fig.  203,  with  two 
rows  of  rivet  holes,  .85  inch  in  diameter,  in  the  central  portion,  2^  iiu^tes 
apart,  and  the  holes  were  at  2  inches  pitch.  The  punched  holes  were 
amicad,  as  uaiaL  The  redaction  oC  vkUk  of  solid  metal  by  the  holes 

Betee  Bttlpng;  Mm  Bidgmg: 


amounted  to  (.85  4  = )  3.40  inches,  and  the  net  section  was  (8-3.4  = )  4.6 
inches  wide,  or  57.5  per  cent  of  the  total  width.   Four  Kiupp  specimeoa 

and  nine  Yorkshire  specimens  of  varying  thickness,  were  tested  ior  each 
result.  Table  No.  192  gives  some  deductions  from  the  elaborate  results 
reported  by  Mr.  Kirkaldy. 


Table  No.  192. — Krupp  .\nd  Yorkshire  Iron  Pi-ates — Tensile 
Strength  of  Drilled  and  Punched  Plates.  1875. 

Thickness  and  %  inch.   Holes,  .85  inch  in  diameter. 

(Dedneed  from  Mr.  Kiilcaldj's  RepoitB.) 


Dateri|NiiOB. 

Reduced 

Section,  in 
ixu't<<  ■  'f  Ti  )tal 
Section. 

Reduced 

Strength,  in 
jiarts  of  Total 
Strength. 

Tensile 
Strenf[th  per 
square  men  of 
Net  Section,  m 
paru  of  that 
of  Entire 
Section. 

Total 
Eto^dott 

Drilled  Holes. 

Leui^th-vay — 

peroenl. 

57.5 
57.5 

pv  cent. 

62.8 
S6.9 

per  oenL 

109.2 
99.0 

pereent 

30.7 
18.2 

Crosnvay —  \ 

S7.5 
57.5 

61.1 
57.2 

106.2 
100.0 

22.8 

Punched  Holes.  , 

Lcngthway — 

57.5 
57.5 

51.5 

5ao 

89.6 
87.0 

% 

L  rossway —  : 

57-5 
57.5 

$0.0 
47.6 

87.0 
82.8 

1 

1  7.0 

Averages. 

57.5 
57.5 

5^-3 
S2.9 

98.0 
92.0  1 

1 

19.6 
1 1.7 
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Riautmm  la  Bulging  Stmt^—^AKSk  X2  indiCH  in.  dianieter,  cut  in  the 
laUie  ovt  of  f)Iate%  were  pressed  into  saapertnxe  lo  inches  ia  diaoneter,  by 
a  bdger-ram  about  5  incbttft  is  diaoieter,  of  which  the  end  was  turned  to  a 
zadins  of  5  indhcL   The  prepaation.  ioc  the  trial,  and  the  object  after 


Figs.  306,  ao7,  ao8.— S|aciincB»iaiRwi<iiiC»tBBiadiagStaMfc 


hasnng  been  bulf^ed,  aie  shown  in  Figs.  204  and  205.  A  selection  of  die 
lestdts  is  given  m  table  No.  193.  Each  result  for  Krupp  iron  is  an  aver- 
age from  four  specimens;  and  for  Yorkshire  iron  an  average  from  six 
specimens.  The  stress  was  gradually  increased  until  the  specimen  was 
pushed  through  the  aperture,  or  until  the  specimen  gave  way  either  by 
cracking  or  bursting. 

Table  No.  193. — Krupp  and  Yorkshire  Iron  Plates — Resistance 

TO  Bulging  Stress.  1875. 

Discs  12  indws  in  diaaeter,  piessed  into  nvincfa  apet  lures. 


(Selected  from  Mr.  Kirkaldy's  Table.) 


Thickness 
of 
Plate 

Sif  Bulging 

in  Inches. 

UHiBait.  1 

Effects. 

Lba. 

95,00a 

Lb*., 
100,00a 

Lbs., 
200,000. 

Bulge. 

Stfcn. 

uicIms. 

Unannealed. 
Krupp,  440 

»»   533 1 

n     ••••  '^SS 

Yorkshire,  .390 

i»       .510  j 
„  .625 

1  .82 
.64 
.50 

.83 
.61 

•35 

2.14 
1.86 

1.59 

1  4  plates  1 
I    2.50  ( 

\  4  plates  } 
i    '.57  ( 

2.82 

• 

5  3  plates  )  ' 
(    2.83  \ 

3-27 

3.40 
3.36 

2.65 

2.72 

2.52 

lOIII. 

62.10 
73.20 
97.06 

61.03 

73.83 

uncracked 
uncracked 
1  burst 

3  bursty  I  cracked 
5  burst 
burst 

AnneaUd, 

Kruppi  440 

.83 

2.25 

3.27 

55.40 

!  uncracked 

»         -533  ■■■ 

.72 

1.96 

3-39 

71.28 

uncracked 

.56 

1.75 

{  I  plate  ) 
\    3.18  J 

3.45 

88.62  i 

I  burst 

Yorieshire^  .390 

.93 

2.73 

3.19 

47.35 

I  burst,!  cracked 

»  .510 

.72 

(  4  plates ") 
\    2.05  i 

2.88 

55.85 

2  burst,  I  cracked 

n  -625 

•43 

1.65 

(  3  plates  )  1 
(    3.14  )| 

2.82 

77.30  j 

1  3  burst,  I  cracked 
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Resistance  to  Buidtng  Stress* — Specimens,  2^  inches  wide,  of  plates  of 
the  three  thicknesses,  were  bait  dcnible  both  hot  and  cold.  Fii5t»  by  bend- 
ing them  between  supports  10  inches  apart  to  a  right  angle,  as  in  Fig.  201^: 
then  the  cold  specimens  were  doubled,  as  in  Fig.  207,  to  a  distance  apart 
of  tour  tnne.-5  the  thickness;  whilst  the  hot  specimens  were  doubled  flat,  as 
in  Fig.  208.  Of  the  specimens  of  Krupp  iron,  thirty-six  in  number,  all 
bore  the  test,  except  six  which  were  more  or  less  cracked.  Of  the  speci- 
mens of  Yorkshire  iron,  seventy-two  in  number,  twenty-five  only  passed  the 
tests  unoacked. 

Prussian  Iron  Plates.  1874. 

Two  large  iron  plates,  .64  inch  thick,  manufactured  by  Mr.  Borsig,  of 
Berlin,  were  tested  for  tensile  strength  by  Mr.  Kirkaldy  in  1874.  The 
tbllowing  abstract  contains  the  averages  of  four  experiments  to  each 
result: — 


UnaiiBMled. 

• 

With  Fibre. 

Anws  FSbn. 

With  Fibre. 

Acraw  Fibre. 

Ultimate  strength  

13.00  tons 
23-40  „ 
54-5  % 
23.8  % 

12.60  tons 
22.70  „ 

55-5  % 
14.6  % 

12.73  tons 

22.53  » 
56.5  % 
24.7  % 

12.04  tons 
21.70  „ 

55-4  % 
15.1  % 

The  greatest  deviation  fi?om  the  avenge  elastic  tensile  strength  was  half  a 
ton  below  it 

The  plates  were  tested  for  bulging  strength.  Discs,  12  inches  in 
diameter — two  annealed  and  two  unannealed — were  cut  out  of  the  plates 
and  pressed  through  an  aperture  10  inches  in  diameter,  the  same  as  shown 
in  Figs.  204  and  205,  page  584. 

Bulging. 

Pressure.  Unanncalcd.  Annealed. 

22.32  tons  90  inch  95  inch. 

4464  „    1.49  »»    1-57  » 

66.96  „    1.95  „    2.07  „ 

89.«8  „    2.39  „    2.60  „ 

(ultimate)  104.  x8  „    2.69  „    —  burst 

X04.20  M    —    3.26  „  one  burst 


Tensile  Strength  of  Iron  Wire. 

Mr.  Barlow  deduced  from  experiments  by  Mr.  Telford  on  the  strength 
of  iron  wire  from  7«o  inch  to  '/^o  inch  in  diameter,  that  the  ultimate  tensile 
strength  was  etjuivalent  to  36  tons  per  square  inch  of  set  tion. 

The  tensile  strength  of  Warrington  iron  wire  is  given  at  page  247: — 
Unannealed,  about  36  tons  per  square  inch;  annealed,  about  24  tons  per 
square  inch. 
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American  Wire. — Mr.  Roebling  states  that  bar  iron  of  from  i  inch  to 
I  }i  inches  square,  fit  to  make  the  best  quality  of  wire,  should  have  a  tensile 
strength  of  60,000  Ibi.,  or  27  tons  per  square  i&ch.  llie  same  iron,  reduced 
to  Na  9  wire,  bears  100,000  lbs.,  or  44^^  tons  per  square  inch;  and,  if 
drawn  to  Na  20  ^ire,  it  will  bear  from  20,000  lbs.  to  30,000  lbs.,  or  9  to 
13  tons,  more.  From  these  data  it  would  appear  that  wire  made  of  the  best 
qualities  of  iron  has  :il)OUt  the  same  strength  as  some  qualities  of  steel  wire. 

The  tensile  strength  of  American  iron  wire,  together  wiili  that  of  wire 
from  the  cables  of  a  suspension  bridge  after  having  been  32  years  ui  use, 
according  to  Professor  Thurston,  are  as  in  table  No.  194. 

Table  No.  194. — Tensile  Strength  of  American  Iron  Wire.  1875. 


Diametar. 

Breaking  Weight. 

Fractured  Area. 

Acuud. 

Per  Square  Inch. 

.029 

•0535 
.071 

.08 

.1205 

•134 

238 

368 

474 

963 
1310 

tool. 

56.90 
47.26 

40.35 
42.10 

37.70 
41.47 

peroatt. 

100 
98.9 
91.7 
98.7 
96.7 

98.5 

Wire  from  suspension  | 
bridge,  .1236  diameter.  > 
Average  of  la  tests..... ) 

1081 

40.17 

56 

Shbariko  and  Punching  Strength  of  Wrought  Iron. 

Swedish  bar  iron  bore  an  average  shearing  stress  of  15.30  tons  per  square 

inch;  the  ultimate  tensile  strength  was  18.80  tons  (page  581). 

The  shearing  resistance  of  bars  3  inches  by  ^  inch  and  i  inch  thick, 
flatwise,  with  parallel  cutters,  and  to  punching  i-inch  and  2-inch  holes 
through  bars  inch,  i  inch,  and  1^  inches  thick — the  power  being  applied 
tiuough  a  hydraulic  shearing  press, — was  found  by  Mr.  C.  Little'  to  be: — 

Per  square  inch 


Bars.  tons. 

14  inch  thick,  shearing,  and  punching  i-inch  holes   22.35 

I  »»  »f  »»       I      >»    21.83 

^       „        punching  2-inch  holes   19.00 

I  >»  M        «        n    19-9^ 

t}i       }>  H       «      »•    I9-50 


The  shearing  resistance  of  "  ordinary  round  bar  iron  of  commerce,"  by 
direct  puU,  was  ascertained  by  Chief  Engineer  W.  H.  Shock,  of  the  United 

*  Proceedings  of  the  JnstUution  of  MahaniccU  Engineers^  1858 ;  page  73. 
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States  Navy.   The  foUowing  are  averages  of  the  lesults  from  12  fipcdmcns 
to  each  average.   The  diameters  were  exactly  measured;  the  att 
were  slightly  rounded  at  the  e9ges^  and  hardened:^ — 

DiAMsmt  or  Bolts. 

inch. 

)i  

H  

H   

}i   

I   


Reslsuince  ill  to 

M  per  iquare  bch  cut 

single  <ihear. 

double  shear. 

19.68  ... 

  18.32 

17.41  ... 

  1723 

17.61  ... 

  17.76 

18.50  ... 

  16.88 

17.90  ... 

  16.78 

iS.3a 

17.40 

Mean  of  the  averages  17.81  tons. 

The  averaged  results  of  eapeEfanenis  on  the  strength  of  rivetted  joints,^ 
showed  that  whilst  the  plates  broke  with  a  load  of  19.44  tons  per  square 
inch,  the  rivets  were  sbttred  by  a  stress  of  17.45  tons  per  square  inch  of 

section. 

The  shearing  strength  of  wrought  iron,  in  view  of  the  foregoing  data,  is 
taken  at  80  per  cent,  or  four-Mths  of  the  ultimate  tensile  strength. 

Transverse  Strength  of  Wrought  Iron. 

Reettrnguhr  Bars  Wrmtgkt  'Wraught-inm  bars  are  not  readily 
ruptured  by  transverse  stress.  Their  tsansverse  elastic  strength,  therefore, 
naturally  constitutes  the  chief  matter  of  investigation.  Actual  data  are 
extremely  scarce.  Mr.  Barlow  gives  the  approximate  elastic  tensile  and 
transverse  strengths  of  four  bars  of  iron ;  of  which  the  clastic  tensile 
strength  of  the  first  bar  was  9.5  tons  |)er  square  inch;  and  of  the  others, 
10  tons  per  square  inch.  The  elastic  transverse  strengths  of  these  bars 
are  here  given,  as  approximately  observed,  and  as  cuculated  from  the 
observed  tensile  strength  by  formula  ( i ),  page  507. 

Elastic  Transvene  Strength. 
Calculated  Obs«n«d. 

2  inches  x  2  in.  deep.      33  m.  span.      2.66  tons.  2.5o+ton& 

1-5    n       ^   Z      u  33      »  472    »  4-25+  ». 

1.5    »»      ^3      »  33     n  4-72    „         4-25+  „ 

1-5    "      ^  2.5    „  33     „  3.28    „         3o<^+  M 

The  limit  of  elastic  strength  was  not  closely  ascertained,  but  it  \\^s 

known  to  be  greater  than  the  observed  strengths  here  noted.  The  calcul- 
ated strengths  aj)]>ear,  therefore,  to  be  substantially  correct.  The  following 
is  the  form  of  the  calculation,  as  exempliiied  for  the  first  of  these  bars : — 

til511£ll2:5«  ^.661  tons. 
33 

Mr.  Edwin  Clark  tested  three  bars  of  wiought-iron,  one  i  inch  square, 
and  two      inches  square,  for  transverse  strength,  as  follows: — 

'  yourttal  of  fhc'  Franlliti  Institute,  1874. 

•  Transtutiom  oj  the  North  0/  England  Mining  Institute. 
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^  Ehitic  TnuHvene  Strength. 

Calculated.  Acniftl. 

I  inch  X   I  in.  deep.       12  in.  span.       1.1551008.       1.177  tons. 

The  Swedish  bars,  noticed  at  page  581,  2  inches  square,  had  an  ultimate 
tensile  strength  of  18.8  tons  per  square  inch,  and  the  i-incfa  squaie  ban, 
aa34  tons.   By  the  fonnula  ( x  )»  page  507, 

Ultimate  TnuMvene  Strength. 

Swedish  Bars.  r-  1    i  .-j  r\t.  1 

Calculated.  Observed. 

2.04  in.  X  2.02  in.  deep.  25  in.  span.  7.230  tons.  7.093  tons,  uncracked. 

2.02  „  X  2.04     „  25     „  7.302   „  6.646 

1.95  „  x3.oa     „  25     „  6.91 1  „  6.234 

a.oo  „  X  2.00    „  25     „  6.948  „  5.955 


n  ft 


Average  for  2-inch  bars,   7.098  „     6.482   „  „ 

Avenge  for  i-inch  bars — 

1.04  in.  X  1.05  in.  deep.    25  in,  span.    1.077  tons.    0.883  tons,  uncracked. 

The  calculated  strength  of  the  2-inch  bars  averaged  9.-5  per  cent  in  excess 
of  the  observed  strength;  and  that  of  the  i-inch  bars,  22  per  cent  But 
the  bars  were  not  broken,  nor  even  cracked,  and  they  would  of  course  have 
borne  a  greater  load  before  breaking. 

There  is  a  regular  and  close  correspondence  between  the  calculated  and 
the  obsened  transverse  strengths  of  wrought-iron  bars  above;  contrasting 
with  the  diversity  observed  with  cast-iron  bars.  The  regularity  results  from 
the  more  nearly  uniform  texture  and  strength  of  wrought  inm. 

Formula  ( i ),  page  507,  in  its  general  form,  may  be  adapted  for  wrought 
iron  by  assuming  an  average  tensile  Strength  of  22.5  tons  per  square  inch 
for  the  value  of  s.   Then  x.155  ^«  1.155  x  22.5  s  26. 

Thtnsverse  Sfrefigtk  <if  Redangular  Bars  tf  Wrm^Irm^  mierage  quaiiiy. 

Loaded  at  the  middle,...  W='^^^    ( i ) 

Loaded  at  one  end,        W=5:5^'    (2) 

Rcnmd  Iron. — The  strength  of  round  wrought-iron  bars,  taking  the  same 
tensile  strength,  22.5  tons,  is  found  from  the  general  formula  ( 15 ),  page 
510;  in  which  .7854 x^ -=.7854 x  22.5  -  17.7. 

Thnusmif  Strength  of  Round  WroHghi-Irm  Bars^  uver^ge  quality. 

Loaded  at  the  middle,...  W  =  iH£'    (3) 

Loaded  at  one  end,        W«  ^^^^    (4) 

W  ^  the  breaking  weight  in  tons;  b  the  breadth,  d  the  depth,  and  /  the  span, 
all  in  inches. 
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Transverse  Deflection  and  Elastic  Strength  of  Wrought  Iron. 

Wrvught-Inm  Rectangular  Bars. — The  deflections  of  a  few  bars  under 
given  weights,  applied  at  the  middle,  were  observed  by  Mr.  Barlow  and  Mr. 
Edwin  Clark.  To  collate  with  these  the  observations  of  Mr.  Kirkaldy  on 
bars  of  Swedish  iron,  page  582,  the  results  are  here  grouped  together, 
and  the  value  of  E,  the  coefficient  of  elasticity,  calculated  by  formula  (  6 ), 
page  529,  are  added: — ' 


Span. 

Load. 

Deflection. 

E. 

n         1-5^2.5  „  „   

£.  dark,  i  inch  square  (3  bars),.... 

„       I.S|5X3X»  „   

Average  coefficient  of  elasticity,  £,  foi 

33 

33 

33 

33 

33 
12 

36 

36 

36 

36 

25 

25 

as 

as 

r  the  fir 

tOM. 

2.50 
2.00 
4.00 

4x» 

4.00 
.711 
1.275 

1.145 
1.695 

1.695 

3-348 
3.125 
2.679  * 
2.679 

St  10  bars  (Ic 

.100 
.077 
.088 
.102 

.104 

.026 
.320 
.290 
.400 

•350 
.089 

.088 

.072 

.072 

)ng  span), 

12,154 
16,616 

8,730 

7,53a 
12,764 
10,228 

7,948 

8,220 

8,454 

9,638 
7,566 

7,004 
7,830 
7,260 

10,228  1 

Adapting  the  general  formula  (  8  ),  page  530,  the  numerical  constant 
becomes  4.62  x  10,228  =  47,253,  say  47,000. 

EUuHc  D^Uction  of  Uniform  Rectangular  Bars  of  Wrought  Iron^  loaded 

ai  the  middle. 

^"47,ooo^^»  

D-the  deflection,  h  ihe  breadth,  d  the  dep^  /  the  span,  all  in  inches; 

W  the  weight  in  tons. 

Round  Iron, — For  round  bars,  substitute  the  above-found  value  of  E,  in 
the  general  formula  (  24 ),  page  533.  Then,  3.1416  x  £  =  3. 14.16  x  10,228 
« 32, 1 16,  say  32,000. 

Elastic  Defiectiofi  of  Round  Wrought-Iron  Bars^  loaded  at  tlu  middU. 

^  W/' 


32,000 

Torsional  Strength  of  Wrought  Iron. 


(6) 


Data  aie  extremely  scarce.  The  Swedish  iron,  page  581,  gave  a  shear- 
ing resistance      15.2  tons  per  square  inch.   ^  the  general  formula 
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( I ijage  534,  the  breaking  force  at  the  end  of  a  la-inch  lever,  applied  to 
a  i^^-inch  round  bar,  is 

W =d2iiLL5.Lli5:?.  =  ,.188  tow. 

12 

The  actual  force  was  found  to  be  (page  582)  =1.195 

Taking  the  shearing  strength  of  wrought  iron  at  80  per  cent,  of  the 
tensile  strength,  as  decided  at  page  588,  put  s the  ultimate  tensile  strength, 
then  A  =  .So  s,  and,  by  substitution  in  the  general  formulas  for  torsional 
strength  (i),  page  534,  and  (6),  page  536, 

For  wKWght  iron  round  shafts,...W  =  i^^^=    (  7  ) 

R       4-5  R 

For  wrought  iron  square  shafts,... W  =  :l^i^  =  -^!£~   (8) 

R      3»12  R 

W>  the  force  in  tons. 

R  B  the  radius  of  the  force  in  inches. 

W  R  =  the  moment  of  the  force  in  statical  inch-tons. 
i/  =  the  diameter  of  the  round  shaft  in  inches. 
d  =  the  side  of  the  square  shaft  in  inches. 
J  ^  the  ultimate  tensile  strength  in  tons  per  square  inch. 

Take  the  tensile  strength  s  equal  to  22.  j  tons  per  square  inch  as  an  average 
value;  then,  by  substitution  and  reduction: — 

Tmionai  SirengUi  and  Siwes  of  Wrought'Irfm  Shafts  of  average  quality. 
Round  shafts  :—W»^'   (  9  ) 


d=  >y^  =  .58^WR   (lo) 


5 

Square  shafts : — W  =  ^'^^^   (i^) 


*=</-^=.5»</wR.    (12) 


Elastic  Torsional  Strength  and  Deflection  of  VVrought-Iron  Bars. 

The  results  of  experiments  with  Swedish  bars,  page  582,  show  that  the 
elastic  torsional  strength  was  40  per  cent,  of  the  ultimate  torsional  strength. 
The  elastic  shearing  stress  is  found  by  formula  ( 3  ),  page  535, 

u     WR  .  . 

'*=.w.-  

For  Swedish  hammered  bars,  page  582,  WR  ^  .474 ton  x  12  inches  - 
5.688,  the  moment  of  the  force:  and  h  -  — \         ^  6.06  tons  per  square 

.278  X  1.5  3  r  -1 

inch,  the  elastic  limit  of  shearing  stress 
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The  value  of  E',  the  coefficient  of  torsioiMd  elasticity,  as  defined  at 
5361  is  found  for  the  Swedish  bar,  by  the  general  fomuUa  (is),  page  557 

.S7Zd*D   .873xi.5«x.oii  ^ 

B\'  inversion  and  reduction,  the  equation  for  torsional  deflectian  m  ob- 
tained:— 


Elastic  ThrswmU  I>^Uctim  ofBmaid  Wrottghi'Irm  Bars, 

^  WR/ 


1070  </* 


(M) 


D  s  the  total  angular  deflection  in  parts  of  a  revolatioiL 

W  -  the  twisting  force  in  tons. 
R  =  the  radius  of  the  force  in  inches. 
VV  R  =  the  moment  of  the  force. 

/  -  the  length  of  the  shaft  in  inches. 
d  -  the  diameter  of  the  shaft  in  inches. 
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STRENGTH  OF  STEEL. 
Mr.  Kuucaldy's  Early  Experiments. 

In  the  course  of  the  experiments  already  noticed,^  page  571,  Mr.  Kiik- 

aldy  tested  a  great  number  of  bars  and  plates  of  steel,  the  general  results 
of  which  are  given  in  a  condensed  form  in  tables  Nos.  195  and  196.  The 
bars  were  from  inch  to  i  inch  in  diameter,  and  possessed  an  average 
tensile  strength  of  from  60  tons  per  sijuarc  inch  for  tool-steel,  10  28  tons  per 
square  inch  for  puddled  steel.  The  greatest  observed  strength  was  66.2 
tOBS. 

The  steel  platpes  were  from  V16  to  5/16  inch  thick.  Their  tensile  strength 
rallied  from  45^  to  32  tons  per  square  inch,  widi  the  fibre.  The  averace 
tensile  streng^  was  40  tons  with  the  fibre ;  and  across  the  fibre  the  tensue 
strength  was  36)^  tons,  or  91  per  cent  of  the  tensile  strength  in  the  direc- 
tion of  the  fk)xe. 


Table  No.  195. — ^Tensile  Strength  of  Kound  Steel  Bars.  1S61. 

(Mr.  David  Kitkiddy.) 


Name. 


Turton's  cast  steel,  for  tools 
Jowitt's      do.  do. 
Do.        do.  chisels 
Da  double  diear  steel. . . 
Do.  cast  steel  for  drifts... 

Bessemer  tool  steel  / 

Moss  &  Gamble,  cast  steel 

for  rivets  

Naylor,  Vickers,  &  Ca,  cast 

steel  for  rivets  '! 

Wilkinson,  blister  steel  

Jowitt's  cast  steel,  taps  

Knipp's  cast  steel,  bolts  

Homogeneous  metal. .......... 

Do.  do  

Jowitt's  spring  steel  

Mersey  Co.'s  puddled  steel... 
Blochaim  da 
Do.  do. 
Da  da 


CooditioD. 


Forged, 
reheated, 

and 
cooled 
gradu- 

aUy. 

ReOed. 


»» 

Forged. 

Rofied. 

»» 

Forged. 

»» 

Roiled. 
Forged. 
If 


Size. 


•53to.59 
.5610.58 
.5610.60 
.56&.S7 

.6510.75 
.75 

.75 

.57  to .60 

•57&.59 
.91  to  .93 

.56 

.75 
•55  to. 57 

.75 
.75to.i.o 

.75 
'77 


Averages. 


Bra 

•UihW« 

1 

1 

I  EJonm- 
tian  IB 

per  square  k 

i  parts  of 

Lowest. 

Highest. 

Average. 

1  length. 

tOlll. 

tons. 

torn.  1 

[perocat 

50.10 

64.90 

59.32 

1  5-4 

52.55 

66.20 

59.101 

5-2 

50.15 

61.60 

55-75' 

7-1 

47.65 

55-95 

52.87 

1 35 

43.15 

58.25 

51.76 

13.3 

46.10 

54-97 

49.75 

5.5 

45.27 

53.12 

47.90 

134 

45-27 

50,12 

47.60 

:  8-7 

39-97 

51.87 

46.56 

9-7 

37.5  • 

49.42 

45-15 

10.8 

38.42 

42.92 

41.08: 

15.3 

36.70 

44.45 

4047 

13.7 

38.30 

42.30 

40.05 

1 1.9 

29.07 

36.92 

32.37  1 

18.0 

29.94 

33.62 

3i.9»  i 

19. 1 

24.55 

33.54 

31-32 

11.3 

19.00 

3»-93 

28.24 

12.0 

ao.50 

31-40 

28.05 

1  9-' 

38.50 

46.80 

43.66 

1 

1  1 1.2 

'  Experiments  om  JVmtgkt  Iron  and  Stmt, 
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TaUe  No.  196.— Tensile  Strength  of  Steel  Plates.  i86t. 


(Mr.  r)avi<i  Kirkaldy.) 


Dbscuttion  or  Stul. 

1 

of 

1  Plate. 

i 
1 

Breaking  Weight 
pcrtquaraiiidk  | 

1 

Elongation  in 
paitiot  kmili. 

With 
Fibn. 

1 

Acrosi 

FtbK. 



With 
Fibre. 

1 

Across  ' 
Fib(C  i 

1  

I  iocL 

tons. 

tons. 

percent. 

percent. 

Turton  &  Sons,  cast  steel  

4'Z.io 

5-7 

Naylor,  Vickers,  &  Co.,  cast  steel... 

42.97 

43-37 

8.6 

8.9  1 

36.48 

38.90 

^7.3 

ivioss  Oc  wamoiCy                ao*  ... 

3/.*  &  i/. 

33.75 

30.84 

19.8 

19.6 

Shortridge  &  Co.,              do.  ... 

i  3/8 

4330 

144 

45.28 

2.8 

Mersey  Co.,  ^  hard  *  puddled  steeL. 

•If 

45.80 

38  II 

4.9 

45.64 

37.67 

3.6 

2.7 

«/•« 

4300 

32.90 

8.2 

4.1 

32.32 

32.85 

5.9 

3.2 

Mersey  Co.,  ''mild"  puddled  steel. 

34.40 

30.22  1 

6.2 

Mersey  Co.,     do.  da 

31.93 

-  1 

3.6 

5.7  j 

Averages  for  comparison  of  strengths ) 

3943  1  37.17  1 

7.8 

8.2 

40.17 

36.56 

8.2 

7.6 1 

Mr.  Kirkaldy  discovered  that  the  strength  of  steel  was  materially  in- 
creased by  hardening  the  metal  in  oil;  ana  that  it  was  materially  reduced 
by  hardening  in  water.  Three  pieces  from  a  bar  of  chisel-Steel  were  so 
treated,  with  the  following  results: — 

Tensile  Strength. 

Soft  steel   54 tons. 

„     cooled  in  water   40^  „ 

„     cooled  in  oil   g6}i  „ 

Coal-tar  and  tallow  were  used  for  cooling  steel,  and  with  good  effect; 
but  they  were  not  so  efficacious  as  oil. 

Steel  plates,  similarly  treated  in  oil,  acquired  a  gain  of  strength  varying 
from  56.4  per  cent  for  the  highest  temperature  at  which  they  were  cooled 
to  12.8  per  cent  for  the  lowest 

The  shearing  strength  of  steel  rivet-iron  was  found,  from  seventeen 
tests,  to  average  74  per  cent  of  the  ultimate  tensile  stro^gth  of  the  same 
bar. 

Strength  of  Hematite  Steel.  1866. 

Mr.  Kirkaldy  tested  the  strength  of  bar-steel  manufactured  by  the 
Rorrow  Hematite  Steel  Company.  Four  samples  were  tested  for  each 
kind  of  stress: — For  tensile  stress,  cast  steel,  forged  and  turned  to 
inches  diameter;  length,  14  inches.  For  compressive  stress,  hammered  cast 
steel,  foiged  and  turned  to  inches  diameter;  length,  14  inches.  For 
shearing  stress,  hammeied  cast  steel,  foiged  and  turned  to  inches 
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diameter.  For  transverse  stress,  hammered  cast  steel,  inches  square; 
span,  25  inches.  For  torsional  stress,  Bessemer  c^t  steel,  forged  and 
turned  to       inches  diameter;  length,  8  diameters. 


Elastic, 
per  square  inch. 


Tensile  strength   18.63  ^ons. 

Compressive  strength   23.21  „ 

Shearing  strength   — 


Ultimatk, 
per  square  inch. 

32.27  tons. 
71.24  f, 


19.2  per  cent 


(  Elastic  load         3.S0  tons. 

Transverse  strength  \  Ultimate  load  ) 


I   (uncracked)  j    7-35  » 
Torsional  strength  ,  ^j^^^^  j^^^  

ifbdKS).!!.r:/uitinmtei^  ;: 


Deflection  ,122  inch. 
„       6.64  ins. 

„  .008  turn. 
»»      '•54  ft 


Strength  of  Krupp  Steel.  1867-68. 

Blocks  of  Krupp's  cast  steel  from  the  heads  of  broken  crank-shafts  of 
the  "  Jeddo  "  and  the  Sultan,"  were  cut  up  into  numerous  specimens 


Fig.  909.— Knipp  Sted  Cnmk-shaft,  "Sultan." 

Mr.  Kirkaldy,  and  tested  for  strength.  The  annexed  Fig.  309  shows  how 
the  broken  crank  of  the  "  Sultan  "  was  divided  and  cut  up.^ 

Jbodo.  Sultan. 

Forte»ae«««gth.  {f^Z  slf  "t"      laf '"t" 

For  compressive  strength,  i^i;^.:::  Z 

r  Breadth        1.37     „  1.50  „ 

For  transverse  strength,...  <  Depth          1.76     „  1.91  „ 

(Span   10        „  10  „ 

*Tbe  author  is  indebted  to  Mr.  Lonssdon  for  copies  of  the  "  Results  of  Experiments,'* 
from  which  the  above  paiticiilais  have  oeen  ledtweo. 
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Avtra^€  Results, 

Tor  tensile  strength: —  jsomk.  SvLTiUf. 

Elastic  strength   18.53  tons.  19.10  tons. 

Da    extension  541  per  cent       .586  per  cent 

Do.      do   I  in  185  i  in  171. 

Elastir  extension  i)er  ton  per  )  -^^^^    1/  -•^•^ 

square  inch;  length  =  I....  j    Vs^^s,  OT  .OOO292.    V3»«6.  OT  .OOOJod. 

Breaking  weight   41.18  tons.  42.07  tons. 

Ratio  of  clastic  to  breaking!  ^-  ^ 

^.gigl^j  r!T!».  /  45  45*4  P«  cent 

Permanent  extension   12.6    ^  7*9  » 

Sectional  area  of  fracture          77.4    „  76.9  „ 

For  compressive  strength : — 

Elastic  strength   —  21.13  tons. 

Do.  compression   —  .79S  per  cent 

Do.         do.    —  I  in  125. 

Elastic  strength,  per  ton  per  1  _ 

squaie inch;  length- 1 ...  f  000377. 

Bieakiqg  weight   —  89.50  tons. 

For  transverse  strength: — 

Elastic  stress   7.94  tons.  xo.74  tons. 

Ultimate  stress   21.31  „  27.14 

Ratio   37.2  per  cent  39.6  per  cent 

Elastic  deflection  055  inch.  .082  inch. 

Ultimate  defection   1.49    „  1.19 

For  torsional  strength: — 

Elastic  stress,  at  the  end  of) 

u  1    —  I  -491  ton.  .497  ton. 

a  i2-mch  lever  j  ^v/ 

Ultimate  stress   1.280  „  1.068  „ 

Ratio   38.4  per  cent  47.3  per  cent 

Elastic  torsion  005  turn.  .011  turn. 

Ultnnate  torsion  441    „  .339  „ 

The  lowest  ultimate  tensile  strength  of  the  steel  of  the  "  Jeddo"  was 
nearly  10  tons  per  square  inch  ])elow  the  average  ;  of  that  of  the  '*  Sultan  " 
it  was  2]^  tons  below  the  average.  The  strength  of  the  specimens  cut 
from  the  mterior  of  the  blocks  averaged  very  litUe  less  than  that  of  those 
from  the  exterior. 

The  ciank*«haft  of  the  "  Jeddo  "  was  supplied  to  replace  a  broken  shaft 
of  wrought  iron,  noticed  at  page  576,  of  which  the  tensile  strength  aveaged 
about  20  tons,  as  against  41.2  tons  for  "die  steel  shaft. 

Experiments  of  the  Steel  Committee. 

A  Committee  of  Civil  Engineers^  instituted  and  completed  a  series  of 
experiments  on  the  strength  of  steel  bars>  in  186S-70.   They  were  con- 

*  The  Committee  consisted  of  Messrs.  W.  H.  Barlow,  George  Berkley,  John  Fowler, 
T>mfgm  Gakon,  C.B.,  and  J.  Soott  Rnssd.  Mr.  Berkley,  Seactiury;  Mr.  W.  Fusey, 
Atsiitant-  Secretaiy. 


Digitized  by  Google 


STKENGTil  OF  STEEL. 


597 


dncted  with  every  provisum  for  instiring  accuracy;  and  the  results  were 
printed  in  two  reports^  from  which  the  following  particulars  are  derived. 

First  Serits  of  Experimmts, 

The  first  series  of  experiments,  203  in  number,  were  conducted  by  Mr. 
Kii^dy,  under  the  instructions  of  the  Committee,  with  his  testing  machine, 
in  which  the  amounts  of  extension,  compression,  and  deflection  were  read 
off  a  dial.  The  experiments  were  directed  to  test  the  resistance  of  steel 
bars  to  tension,  compression,  transverse  strain,  and  torsion.  Twent>'-nine 
samples  of  steel  bars,  2  inches  square  and  15  feet  long,  of  the  best  marketable 
quality  ordinarily  made,  were  obtained  from  ten  manufacturers ;  of  these, 
18  were  of  Ik-ssemer  steel,  and  11  of  crucible  steel.  Each  bar  was  parted 
into  lengths  by  a  shaping  machine,  for  bending,  twiiiting,  pulling,and  thrusting, 
as  shown  by  Fig.  9 10.  For  pulling,  the  specimen  was  prepared  as  in  Fig.  211, 
and  divided  into  inches  of  length ;  for  bending,  as  in  Fi^  2 1  a ;  for  twisting,  as 
in  Fig.  215;  and  for  thrusting,  or  compression,  as  in  Fig.  214.    For  tensile. 

Bending.     Twisting.  Pulling.  Thrustbg.  Do. 


Fig.  aia— SpecUnen  Bu«— how  lUvidadL 


•te  imam- 


Fi(.  Ml.— Giadiwaion  cf  Ban  tat  PnUmg  StnH. 

W  ^ 

♦ 

aia.— For  Badiog  Stnas.  Fig.  atj.— For  Twutii^  Stress. 


Fig.  9T4.--ForTlinitringorCbi«pi«mv»StreM--how£vided. 

Specimen  Bajls  of  tul  Steel  Committee,    i&t  Series. 


compressive,  and  torsional  tests,  the  bars  were  turned  down  to  i  .382  inches  in 
diameter,  having  a  sectional  area  of  1.5  square  inches,  and  highly  polished. 
For  bending,  or  transverse  tests,  they  were  planed  to  a  section  of  1.9  inches 
square.  The  final  results  have  be«i  condensed  from  the  report,  and  are 
worked  out  in  the  following  tables: — 

Table  No.  197  shows  the  tensile  strength  of  the  steel  bars. 

Table  No.  198  shows  the  elastic  compressive  strength  of  the  steel  bars. 
The  ultimate  compressive  strength  of  short  specimens,  which  is  always 
an  indefinite  quantity,  is  not  given  here;  but  it  may  be  stated  that  the 
short  specimens  required  a  great  deal  to  crush  them;  and  that  the  long 
^ecimens,  36  diameters  in  length,  failed  by  buckling,  when  the  elastic 
hmit  of  stress  was  arrived  at 

Tables  Nos.  199  and  200  show  the  transverse  strength  and  the  torsional 
strength  of  steel  bars, — distinguishing  the  elastic  firom  the  ultimate  stress. 
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Table  No.  198. — Compressive  Strength  of  Steel  Bars.  1868. 

Two-inch  square  bus  tamed  to  1.382  inches  in  diameter  (1.5  square  inches  of  area). 

Lengths,  various. 

(Reduced  from  the  Experiments  of  the  Steel  Committee,  ist  Series.) 


£ess£mer  Stseu 


Description, 
with  respective  number  of 
umplct- 

Elastic  Slnagdi  (eotnpteiaive)  m  tons  per 
Mtiiare  inch. 

Elaatie  Gompnssion  ^ 
ton  par  anmv  inch,  in 

Length, 
I  diam. : 

1.38  in. 

Length, 
3  diams.: 
a.  76  in. 

Length, 
4  dians.; 

5-53  «• 

Length, 
36  diams.; 

50  in. 

5,  Hammered,  tyres,. 
5,  Hammered,  axles,. 
4,  Hammered,  rails,.. 

23.03 
23.84 
23.88 
18.98 

22.32 
22.76 

23.32 
18.30 

22.23 

21.34 
21.77 
18.07 

tout. 

19.15 
18.51 
18.95 
17.20 

Lei^ltlisi. 

.000065,  or  '/i5,385 
.000062,  or  '/>6,a6o 

.000065,  or  '/15.385 
.000065,  or  V15.385 

5,  Hammered,  tyres,. 
4,  Hammered,  axles,. 
I,  Hammered,  rails,.. 

Cr 

'  24.02 
26.90 
26.78 
21.87 

UCIBLE 

23-93 
26.  II 

26.34 
19.64 

Steel. 

21.74 

2399 
20.55 

18.75 

21. II 

22.30 

19.54 
18.77 

.000065,  or  V15.385 
.000065,  or  »/i5,38s 

.000065,  or  V15.385 
.000069^  or 

1 8,  Bessemer  steels, . . . 

SUMI 
22.43 
24.89 

llARY  A) 
21.67 
24.01 

/ERAGES. 
20.85 
22.26 

18.45 

20.43 

.000064,  or  »/i5,6a5 

.000066^  or  *lis,i53 

23.66 

22.84 

21.55 

19.44 

.000065, 0'  *A*Jij 

Table  No.  199. — Transverse  Strength  of  Steel  Bars.  1868. 
Two-indi  aqiuie  ban  planed  to  1.9  inches  square.  Distance  of  supports^  ao  inches. 

Bessemer  Steel. 


Df-SCRIPTION, 

with  respective  numbm  of  samples. 

Elastic 
Stress. 

Ultimate 
Stress. 

Ratio  of 
Elastic  to 
Ultimate 

SiiaM. 

Ultimate 
Dcflectiaa. 

RaMAXics. 

Averages. 

4,  Hammered,  rails,   

4,  Rolled;  tyres,  axles,  rails,... 

tons. 
7.59 

8.II 

7.99 
1  6.61 

tons. 

13- >  7 
13.20 
12.85 

11.75 

per  cent. 

57-3 
61.5 
61.2 

56.3 

inches. 

3.82 
4.08 

3-94 
4.03 

1    Bent  to 
>  6  inches; 
1  unciacked. 

( 

>ucibli 
8.36 
8.38 

7.81 

6.89 

;  Steel, 
14.65 

15.5* 
17.95 

18.06 

57.4 
53-9 
43-6 
53.8 

332 
3-35 
365 

]     In  most 
I  cases  bent 
(  to6indies; 
)  uncracked. 

Su 

MMARY  i 

7.57 
7.86 

Average 

ia.74 

15.04 

:s. 

595 
53.3 

3.97 
3.54 

7.74 

13-89 

55  7  i 

3.76 
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Table  No.  soo. — Tossiokal  Strsngth  of  Steel  Bars.  1868L 

Two-mdi  ^uarc  bars,  turned  to  I.j82  inches  in  diameter  (1.5  square  inch  of  sectioa^ 

Length  tot  tciaioii»  8  diuiietefs=ti  inches. 
(Reduced  fnm  the  KxpcriMcati  of  the  Sud  Cnrnwiltwr,  iatSeric&) 

Bessemer  Steel. 


DESCRIITIiiS-, 

with  rcspccuvc  number 
01  SSMplCL 

Elastic 
Stress  at 
the  end 

of  a 
la-iodi 
lever. 

Elastic 
Tonioii. 

Ultimate 

Stress  at 
the  end 

of  a 
12-inch 
k«er. 

Ratio  of 

Ultimate  Torsion, 
*  uncrackcd,  for  ^75  turns.  ' 

Breaking 

Least. 

Crea(e»t. 

Average. 

AVKRACES. 

5,  Hammered,  tyres, 

5,  HrxmmereH,  axles, 
4,  Hammered,  rails 
4,  Rolled ;   tyres,  j 
axles,  milS|...  \  i 

i 

.701 
.667 
.688 

I  -569 

I  tum=». 
.«4 

.Off 

.012 
.008 

1.54 

1.47 

1.45 
1.44 

percent. 

45.4 

44-9 
46.8 

395  1 

E  HMM^BA* 

1  2.10 
1  2.61 

E  Eum«»i* 

a.73 

3-75* 
3.7S* 

2.31 

2.73  i 

3-" 

5,  Hemmered,  tyres, 

4,  Hammered,  axles, 
I,  Hammered,  rails, 
1,  Rolled,  rails  

.736 

•731 

.714 

•554 

Crucii 
.014 

•013 

.016 
.012 

iLE  StI 
1.59 
1.69 
1. 81 
1.34 

:el. 

46.6  1 

43-4  ' 
40.0  1 

42.7  1 

1.77 
1.07 
.86 

1.73 

3.39 
2.32 

.86 

2.14 

2-33 
1.79 

.86 

1 

18,  Bessemer  steels,  ..  .I 
II,  Crucible  steels,.... 

j 

.684 
.670 

SUMMAR' 
.Oil 

.014 

f  Aver 
1.47 
1.61 

AGES. 
44  6 
42-5 

2.78 
»-73 

.013 

1.54 

43-6 

3.26 

The  lowest  tensile  and  compressive  elastic  strengths,  ranged,  for  each 
group  in  the  first  series,  about  5  tons  per  square  inch  below  the  averages 
given  in  the  tables; — say  20  per  cent,  below  the  averages.  The  same 
proportionate  range  is  found  in  the  elastic  resistances  to  torsional  and  trans- 
verse stress. 

Seamd  Series  ef  Experiments  {made  at  Woohmeh  Dockyard). 

The  ol)ject  of  the  second  series  of  experiments  by  the  Steel  Committee, 
was  to  make  experiments  on  the  tension  and  compression  of  long  steel 
and  iron  bars,  measuring  the  changes  of  length  directly  from  the  bars.  For 
this  purpose,  91  bars  of  steel  aad  iron,  each  14  feet  loi^  and  \  inches  in 
diameter,  were  obtamed,  consisting  of  53  bars  of  Crucible  8te«,  34  bars  of 
Bessemer  steel,  12  bars  of  Lowmoor  iron,  6  bars  of  best  Yorkshne  iron,  and 
6  bars  of  usual  S.  C.  Crown,  or  Stafibrdshire  iron. 

The  extensions  were  measured  on  to  feet  length  of  each  bar;  and  for 
compressi\  e  tests,  the  bars  were  cut  to  a  length  of  12  feet,  and  the  measure- 
ments matle  on  a  length  of  ro  feet. 

The  bars  were  tested  in  their  natural  skins.  Before  they  were  tested, 
they  were  thoroughly  examined  and  straightened,  and  the  diameters  checked 
by  means  of  vernier  callipers,  capable  of  showing  a  variation  of  a  loooth 
part  of  an  inch.   The  lesalts  for  iron  baors  have  been  given  at  page  579. 

Table  No.  201  gives  the  condensed  results  of  the  experiments  for  the 
tensile  strength  of  steel  bars,  and  table  No.  202  gives  the  same  for  their 
compressive  strength.   The  bars  are  here  distinguished  by  letters. 
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Table  No.  loa. — ConiPRESstvE  Strength  of  Steel  Bars.  1870. 

lyi  inches  in  diameter  ;  lo-feet  lengths. 
(Reduced  firom  the  Experiments  of  the  Steel  Committer  2d  Scries.) 


Crucible  Steei- 


Descripdoo,  and  Rdertnoe  Letter. 

Elastic 
StrcnRth 
(coniprcssivc) 
in  tons  per  > 
fquareinch. 

riaiiic  Ciwnprrwinii 

1 

Elastic  Compression  per 
ton  per  square  inch,  in 
paru  of  the  length.  j 

d  Rods ;  3  samples  

/  Gun-barrels;  3 samples  , 
F  Hammered;  asamples 

J  Rolled  

tons. 

26.33  i 
26.2  1 
25.5  1 
26.0  1 
18.0  1 
16.2 
34.0 
19.5 
27.0 
24.0 

per  cent. 

.198,  or  I  in  506 
.202,  or  I  in  496 
.186,  or  I  in  537 
.198,  or  I  in  506 
.137,  or  I  in  731 
.126,  or  I  in  791 
.180^  or  I  in  555 
.138,  or  I  in  722 
.204,  or  I  in  490 
.185,  or  I  in  541 

Icngth=x. 
.000075,  or     3.333  I 

.000077,  or  '/•a,987  1 
.000073,  or  »/t3,699 

.000076,  or  V13.158  ! 

.000076.  or  '  'i-!.i5S 
.000080,  or    12,500  ; 

.000075,  or  «/i3,333  j 
.000071,  or  Vi4,o85 

.000075,  or  '/i3.i<33 

.000077,  or  Vxa.987 

i  Fagotted,  hammered) 
1        and  rolled ;  3  samp. ) 

If  Tyres,  axles;  3  samp. 

Bbsskmbi 

1 

r8  0 

21.2 

16.0  i 
16.0  1 

t  Stbbl. 

J  17  or  I  in  7Cl 

.163,  or  I  in  612 
!  .125,  or  I  in  801 
.135,  or  I  in  801 

00007A.   or    ''..1  rr. 

.Kj'^j<j<^ /       yjl  ,13,514 

.000077,  or  ^'la,987 
.000078,  or  Vi3,8ai 

.000078,  or  Vit,tes 

Summary  . 

23-3 
17.8 

Averages. 

.175,  or  I  in  570 
.137,  or  I  in  732 

.000076,  or  Vr3.25o 

.000077,  or  Vi^o^o 

aas 

.156^  or  I  in  641 

X)00076^  or  '/>3kU» 

Bars  Testei 

0  Crucible  steel ;  axles, 
rails,  tyres  (3  samp.) 

P  Bessemer  steel ;  axles, 
rails,  tyres  (3  samp.) ; 

3- 

—for  Compres 

24.0 

ision,  but  not  for  Ext 
.173,  or  I  in  581 

.182,  or  I  in  550 

ension. 
.000073,  or  Vtijw 

.000074,  or  »/«3,S«4 

The  lowest  elastic  strength  in  any  group  of  bars,  in  the  second  series, 
did  not  exceed  one  ton  per  square  inch  less  than  the  average  elastic 
strength  of  the  group — say  not  more  than  5  per  cent  less  than  the  average 
for  steel  bars. 

Table  No.  203  shows  the  chemical  composition  and  specific  gravity  of 
fourteen  of  the  bars  subjected  to  tests. 

TensOe  Strength  0/  Tempered  Steel. 

The  Steel  Committee  publish  the  results  of  experiments  made  at  H.  M. 

Gun  Factory,  Woolwich,  on  the  comparative  strength  of  untempexed  and 
tempered  steel.  A  summary  of  the  results  is  given  in  table  No.  204.  The 
specimens  were  .50  and  .53  inch  in  diameter,  and  from  i  inch  to  two  inches 
in  length. 
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Table  No.  203. — Chemical  Analysis  and  Specific  Gravity  of  Steel 

AND  Iron  Bars. 

(Tested  by  the  Steel  Committee^  1S70.) 


Crvciblb  Stbel. 


Chbmical  GmnriTvsimL 

Specific 
Gravity. 

1 

UItim.nc 
Tensile 
Stren^ 

Iron. 

Carbon. 

Sfltcon. 

Man> 

Phw. 
phoraii 

a 
b 
c 
d 
e 

/ 
0 

h 

£ 

Avenges^ 

p  cent. 
98.86 

98-67 
98.87 
98.63 

98.87 
98.88 
99.22 
'  99.16 
99.16 

p.  cent 

-79 
.67 

.57 

.00 

.58 
•47 

.44 



p.  cent 
.115 
.20 
.14 

.22 

.03 
.14 
.10 

p.  cent 
.19 

•44 
.37 

-  J7 
•30 
.61 
.14 

.23 
.19 

p.  cent. 

trace 
trace 
.01 

.02 
.02 

trace 
.01 

trace 

p.  cent 
.01 
.02 
.04 
.06 
.01 
.02 
.02 
.02 

•03 

7.839 
7.831 
7.851 
7.844 
1  7.825 
7.845 

7.859 
1  7.850 

7.850 

tons. 
52.76 
51.01 

43-48 

41.85 
40.50 
38.51 

35.47 
33.65 

98.89 

.63 

.114 

•34 

.01 

.026 

7.842 

42.15 

P 
I 

m 

n 

Averages, 

99.24 

j  99-21 
'  99.22 

99-13 

-34 
•32 
.31 
.35 

BBS 

trace 

.01 

.05 

.03 

3Elf  KR  S' 

•35 

.40 

.38 
•44 

FBEL. 

.04 
.04 
.02 

•«4 

.03 

.02 

.02 
.01 

1  7.857 

7.857 

7.853 
7.852 

34-19 
33.68 
33.66 

99.20 

•33 

.032 

•39 

.035  1 

.02 

7.855 

33.84 

Yorkshire  Iron. 
II  99.49  1    .23    1    .10    1    .08    1    .02    1    .08    11  7.758   II  23.69 

Table  No.  204. — Tensile  Strength  of  Tempered  Steel. 


Average  Breaking  Weight  per  Square  loch. 

Manufacturer, 

or 

Coouactor. 

MATSKMt. 

Number 

Ay 
ttacalyt  d. 

Alkw  MiV  T«npmd  la  on  at 

Tempered 

ID 

Water. 

High 
Heat 

Medium 
Heat 

Low 
Heat. 

Firth,  

Cast  Steel,.... 

9 
3 

32.1 

34.4 
31.6 
26.6 
29.5 

3>.7 
29.0 
56.2 

33.5 
38.2 

65.4 

54-4 

toos. 

56.4 

Cammell,.. 
Canmell,.. 

HoBUig.  Steel, 

217 
2 

47-7 

48.0 

47.0 

44.4 

Homog.  Steel, 
Steel,   .. 

61 

4 

54.6 

45.7 

51.5 

49.0 
36.6 
39.3 

Si.i 

Moscr  

HiMm^.  Steel, 
Styrian  Sttd,. 
Steel,  

t 

7 

54.6 

37-2 
82.2 
55-8 
48.2 

53.9 

Whitworth, 

Steel,  

2 
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6q4  the  strength  of  materials. 

Strength  of  Fagersta  Steel.  1873. 

Mr.  Kirkaldy  made  a  comprehensive  set  of  experiments  on  the  Strength 
of  steel  manufactured  at  the  Fagersta  Works,  Sweden. 

First  Series  af  Experiments, 

Twelve  hammered  bars,  2  inches  s(|iiare,  in  four  groups  of  diftercnt 
degrees  of  hardness,  here  distinguished  as  ti,  0,  c,  were  tested  for  tensile, 
compressive,  shearing,  torsional,  and  transverse  strength — three  samples  for 
each  test   For  the  transverse  tests,  the  specimens  were  planed  to  1.9  inches 


Fig.  «5.— IVgeiBia  Steel^Test  Spectawa  for  Beadiiig  or  Truitvene  Sleess. 

square;  for  the  other  tests,  dief  were  turned  to  a  diameter  of  1.128  inches, 
having  i  square  inch  of  sectional  area.  The  fonns  of  the  specimens  are 
shown  in  Figs.  315,  a  16,  217.  The  condensed  results  aze  given  in  tables 
Nos.  305  to  307. 

Table  No.  205. — Fagersta  Steel  Bars — Transverse  Strength.  1873. 


1.9  inches  square;  span,  20  inches.    Load  apphed  at  the  middle. 


Barb. 

Elastic 
Stress. 

Uluinate 

StKM. 

R.itiu 
of  Elastic 
to  Ultimate 
Stresk 

1 

Ultimate 
DeffectkiL 

1 

b    1 

c   

d   

tons. 

9.43 

9.69 

8.18 
7.04 

torn. 

1957 

17.03 
11.28 

per  cent. 
66.0 

49.6 
48.0 
62.3 

inches. 
.78 

1.49 

3-31 
5.1 1 

fractured 
fractured 
uncracked 
uncracked 

8.58 

I5.6K 

56.5  1 
1 

2.67 

Table  No.  206. — Fagersta  Steel  Bars — ^Torsional  Strength.  1875. 

Diameter  1.128  inches  (i  square  inch  section).   Length  for  torsion,  8  diameters. 
Stress  applied  at  the  end  of  a  I2>inch  lever. 


Bass. 

Elastic 

StIM. 

Breaking 
Suess. 

R.itio  of 
Ela^uc  to  1 
Breaking 
StrciS. 

UltiiMrte  Angnlar  Tonioii. 

Least. 

1 

Greatest    '  .\vcrage. 

*   

d   

tons. 

.507 
.502 
.484 

•341 

torn. 

.946 
1.043 
I.Q09 

.679 

percent 

53.9 

48.2  ' 

48.3  ' 
50.2 

1  X  turasB. 

'  .207 
.625 
.897 

3053 

410 

.938 
1.255 
3.725 

.291 

.793 
1.021 

3.219 

.458     1  ^19 

50.2 

I.I95 

1.528 

I.33I 
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Table  No.  207. — ^Fagsrsta  Stebl  Hammb&bd  Bars— Tensile, 
Compressive,  and  Shearing  Strength.  1873. 

i-inch  aqtiaie  bus  tamed  to  l.u8  aodifis  Jn  ditmrtfr  (1  tqnsie  inch  of  aection). 

Tbnsilb  Strbnotu. 


laisinelMtleiic.  ' 

tomfm 
iquare inch. 

Breaking 
Weight  in  tons 
per  souare 
inch. 

1 

Ratio  t 
of  Efauttic 

to  Breaking 
Strength. 

I 

Sectianal 
Aieaof 

tons. 

Ions. 

per  CBDt. 

cent. 

per  cent. 

27.70 

3804 

73.1 

1.8 

97.7 

d   

28.15 

47.60 

59-4 

5.1 

93.9 

25.94 

45.82 

56.6 

6.6 

85,6 

d   

19.24 

27.37 

70^3 

16.5 

38.5 

25.25 

39.16 

64.8 

7.5 

78.9 

CoMPRESSlVK  Stkbnoth  (per  square  inch). 


Baks. 

Length,  1 
I  diameter, 
1.1*8  ins. 

Length,  a  diameters, 
3.35  inches. 

Length,  ^  diameters, 
4.51  inches. 

Length,  8  dkmeten, 
9.0a  indiet. 

EhMie 
Strenfth.  1 

ElaMic 

Strength. 

Destroying 
Weight. 

Elastic 
Strength. 

Dcatroving 
Weight. 

Elastic 
StKOgth. 

Destroying 
Wcipit. 

1 

^  ««••••••••• 

c    1 



Averages 

tons. 

28.57 

27.98 
26.78 

17.41 

tons. 
28.27 
26.19 

25.13 
18.75 

75.85 

77-37 
69.64 

5415 

tons. 

28.27 

26.19 
1  23.81 
18.30 

iQBt. 

59.92 

52.50 
47.01 
36.50 

27.53 
25.89 

.23.5 » 
18.16 

45.62 

42.50 

37.87 
21.05 

25.18 

24.70 

1 

69.24 

24.03 

48.88 

1 

2377 

36.76 

Shkaring  Strength  (per  sqiuure  inch). 


Vhimue  Shnrim  StmwO. 

Oetnision  before  Rupture, 
as  a  measure  of  hardness  inversely. 

F^smiare 
incn. 

r.  r  .  .-nt. 
of  Litimate 
Teaale  Stranglh. 

Actual. 

In  parts  of 
theoiMncier. 

*   

d   

tons. 
27.42 
35.60 

31-99 

2a28 

per  ccm. 

73.3 
75.2 

69.5 

74.0 

inch. 

."93 
.249 
.281 

.323 

per  cent. 

17 
21 

25 
29 

28w82 

73.5 

.261 

23 

□ 


Figs.  2i6,  317.— Fagersu  Steel— Test  Spcciacm. 
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Secffnd  Series  of  Experiments  on  Fe^ersta  Sied, 

To  test  the  influence  of  hammering,  and  of  annealing  steel  bar&  Four 
ingots  6  inches  square,  differing  in  hardness,  /  //,  were  cut  into 
spedmens  alike,  in  duplicate,  and  hammered  down  to  lour  sizes,  namely, 

5,  4,  3,  and  2  inches  square. 

In  table  No.  208,  are  given  results  showing  the  comparative  tensile 

strength  of  each  ingot,  and  of  the  2-inch  hammered  bars  formed  from 
them.  They  prove  that  the  steel  was  made  considerably  stronger  by 
hammering.  In  the  original  Rej^ort,  it  is  made  apparent  that  the  strength 
was  proportionally  increased  as  the  bars  were  reduced  in  size. 

Table  No.  308. — Fagersta  Steel  Ingots  and  Hammered  Bars — 
CoMPARATivs  Tensile  Strength.  1873. 


U  NAN  N  KALE  D. 


Ingots  -xwA  H:\mmercd  R.ir<  of 
Vonotu  Degrees  of  Hardness. 

Elastic 
Suength 

(Tensile),  in 
tOMoer 

aqoareindi. 

Breaking 
Weight  in 
tons  per 
iqiuareiiiciL 

1  Ratio  of 

Elastic  to 
Breaking 
We«lit. 

^  Permanent 
Extension. 

per  cent. 
I.I 

2.0 

3-5 

11.6 

1 

1  Sectional 
,     Area  of 
Fnurtuie. 

Ingots,  6  inches  square. 

/ 

tons. 

21.27 
17.21 
13.64 
9.68 

tons. 
29.98 
30.48 
24.65 
13.46 

per  cent. 

71.0 

583 
51.2 

43.1 

per  cent, 
98.5 

88.1 

15.20 

24.39 

55.6 

4-5 

95.0 

Hanunered  Barsy  3  inches 
square. 
e 

/ 

i 

29.69 
21.30 

17.50 

15.71 

44-03 
4370 

3340 
36.76 

67.4 
48.7 
52.3 
58.7 

1 

2.2 
10.2 

17.9 
33.5 

96.8 
71.6 

47-5 
38.7 

21.05 

37.00 

56.8 

13.2 

63.6 

Ingots,  6  inches  square. 
e 

f 
i 

Averages,  

ANN] 

17-34 
16.55 

11.68 

9.00 

BALED. 

28.37 

33.05 
23.66 

23.57 

61.2 

51-3 

49.5 
38.2 

7.2  1 
4.2  ! 
18.3 

07.8 

85.0 
94.8 
72.8 

87.6 

13.64 

27.16 

50.0  ' 

15.6 

Hammered  Bars,  3  inches 
square. 
e 

/ 
f 

Averages,  

21.20 
20.67 
16.30 
14.78 

38.42 
40.99 
31.60 

35.15 

55.2 
50.4 

51.6 
58.7 

12.7 
333 

91.9 
54.0 
,  42.4 
35.9 

18.24 

34-04 



54.0 

14.9  1 

56.0 
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Table  No.  209. — Fagersta  Steel  Hammered  and  Rolled  Bars — 

COMPARATIVB  TeNSILS  STRENGTH.  1873. 

Hammered— Unannealed. 


Bats  of  Various  Degrees 
of  Uardnes&. 

Elanic  Stnngth 
ID  tans  psff 
sqtuue  inch. 

Bccakiog  Weight 
In  tons  per 
square  inch. 

Ratio  of  Elanic 
»  to 
BNaldqgWeyht 

PCTManant 

3-inch  square  bars. 
i 
k 
* 

Averages,  

tons. 
...    27.45  ... 
[...    17.32  ... 

tons. 
...     39.49  ... 
...    31.29  ... 

per  cent. 

...     87.5  ... 

...     55.4  ... 
en  4 

percent. 

■  •  •                 *^         • •  • 

•  •  •            *  *  * 

■  •«          m^m^  mmm 

•••  *•* 

>^-mch  square  bars, 
f 
k 
i 

^^verageSy  •••••*... 

...     34.96  ... 

...  42.84  ... 
...  32.21  ... 

...     51.6  ... 
...     79.7  ... 

•                   5*7  tee 

16.0 
...      1 0. 1     . • • 

|...    34.23  ... 

...   45.«I  ... 

...  I(x6 

3-uich  square  bars, 
f 
k 
• 

^^verageSy  ••••••*.• 

Hammxrb 

D— Annbalsd 

—  -  ^  ^ 

...  3I.0Q  ... 

P 

✓   _  Q 

•  •  e             I  e^  see 

•  •  •        7*7      ■  •  • 

...  29.34  ... 

...      52.9  ... 

•  ••  11*^ 

l^-inch  square  bars. 
1 
k 
I 

^^vera^peSy  •••*•*... 

...  54.92  ... 

...  36.66  ... 
...  25.39  ... 

» •  •                         *  *  * 

•  •  •     1 2«6    •  •  • 

...  38.99  ... 

...      $7.0  ... 

3-inch  square  bars. 

i 

k 
I 

^^vcrsgcs, 

Rolled— 
...   13.57  ... 

'Unanmbaled. 

...   3375  ••• 
...  27.85  ... 

...  23.64  ... 

• 

...    43.2  ... 

e                      ew          «  •  • 
*** 

91  I 

...    57.2  ... 

«  •  ■         II               •  •  • 

l^-inch  square  bars. 
1 
k 
/ 

Averages, 

...  3509  - 

...  27.13  ... 

55.6  ... 

•  •  •     7»3    • '  • 

...  16.0  ... 

•  •  •     22*2     •  •  • 

...  43.48  ...j...    544  ... 
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Table  No.  209  {^oniiniud). 


Rolled— Annealed. 


Bnnof  Vanous  Decrees 
of  HardocM. 

tens  per 
Mjuare  inch. 

■    .  ..  1 

in  t.  per 
SLju.irc  inch. 

\ 

Ratio  of  Elaitic 

to 

Brcakuig  Weight. 

Pennanent 

3-inch  square  bars. 

\ 

tool* 

tMtt. 
...  23.64 

percent. 

•••    4*5  *^    *  *  * 

percent. 

•  •  •        2«^)     •  •  • 

•••      3*^  *** 
26*0 

•  •  •     ^  T        « •  • 

10.6 

j^-inch  square  bars, 
f 
k 
I 

Averages,  

...  28.93  ... 

...     18.39  *** 

...    S7-J4  — 
...  35*81 
...   23.50  «. 

...    5^*4  •••! 

...             . » • 
.■■     9*8  ... 
...    23*1  •■• 

...    13.^  .** 

Third  Series  of  Experiments  on  Fagersta  SUd. 

To  compare  the  tensfle  strength  of  steel  bais,  reduced  by  hammering  and 
by  rolling.  Bars  of  three  degrees  of  hardness  irere  tested,  say  /,  k,  I.  Of 
each  degree,  six  3  indi  square  hammered  bars  were  tested,  five  of  which 
were  reduced  by  hammenng  to  2ji,  2,  ij^,  I,  and      inch  square,  and 

then  turned  to  given  diameters. 

In  tabic  No.  209  are  given  comparative  results  for  the  3-inch  and  ^-inch  1 
square  bars,  hammered  and  rolled.    The  original  table  shows  that  the 
strength  was  proportionally  increased  as  the  bars  were  reduced  in  size. 


To  test  the  tensile  and  compressive  strength  of  Fagersta  steel  plates,  of 
if  Hi  ^)  }4,  and  inch  diickness,  cut  into  strips  2^  inches  wide, 
'able  No.  210  gives  tiie  comparative  results  of  tiie  trials. 


Fi/i/t  Series  oj  Experitnaiis  on  Fagersta  Steel. 

To  show  the  variations  in  results  for  tensile  strength,  arising  from  difo- 

cnces  in  the  form  and  proportions  of  specimens. 
Two  sets  of  specimens  were  prepared  according  to 

Figs.  218;  one  set  wa?;  10  inches  wide  and  10 
inches  lont^  at  the  parallel  middle  portion;  and 
the  smaller  set  i  J4  inches  wide  and  inches 

^l6MtSp^ni«»3r«IueL    ^^"^  middle.     Condensed  results  are  given 

in  table  No.  211;  and  the  results  of  the  loo-inch 
bars,  from  table  No.  210,  are  added,  for  comparison. 


I 
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Table  No.  210. — Fagersta  Steel  Plates — ^Tknsile  and  Compressive 

Strength.  1873. 


Si>ecimens  2^  inches  wide,  loo  inehes  long. 
Tensile  Strength — Unannealed. 


Platks. 
TUdocii. 

1 

Elastic 
;  Strength 
iXenuk) 
in  tons  per 
square  inch. 

,,,,,,,,, 

Breaking; 
Weiglit  111 

Permanent 
Exicmion. 

Ratio 
of  Elastic 
to  Breaking 
Stnngth. 

Sectional 
Area  of 
Fncturt. 

indi. 

t   :  1 

per  cent. 

tons. 

per  cent. 

per  cenL 

per  cent. 

I  7  17 

.136 

24.61 

5.21 

70.6 

6'>  1 

5 

.124 

24.17 

10.17 

65.7 

Aft  1 
4".  3 

1 1. Id 

.091 

21.84 

20.64  , 

2Q  0 

% 

12.28 

.082 

23.39 

16.30 

i  iii 

38.8 

H 

11.65 

.078 

22.00 

17.95  1 

52.9 

39-3 

1 

*3"/* 

.108  «r  I  in  980 

23.00 

»4.o3   ji  59-2 

A  ^  f 

Annialbd. 

11.92 

.096 

20.30 

10.98 

58.7 

36.4 

i 

13-30 

.098 

22.14 

16.88  1 

6ai 

32.5 

11.56 

.096 

20.86 

18.19 

55-4 

30.4 

12.19 

.088 

22.09 

i9-»5 

55.2 

35-7 

11.25 

21.18 

17.45 

53-» 

36.9 

Averages 

.2^ 

.093  or  I  in  1020 

21.31 

I6.S3 

56.5 

JElastic  extension  per  ton  \  Unannealed...  0000744,  or  '/«3.43S. 

per  square  uicli,  j  Annealed....^   .0000772,  or  V<a»a8i 


CoMPRBssrvB  Stebnoth— Unannbalkd, 


Platb. 
ThidcMfi. 

Elastic  Strength 

(Compressive) 
in  tons  per  squuc 
inch. 

1 

per  too  per  Muare  indi, 
in  part*  «f  Oe  length. 

inch. 

H 
H 

toot. 

17. 8t 
16.20 
U.83 
13.30 
11.38 

1  .106 

.115 

.089 

i 

Lengihst. 

14.10 

1  .looy  or  I  in  1000 

.000071,  or  Vi4,ioo 

Annealed 

'A 

10.40 

.063 

X 

12.28 

1  .088 

H 

1 1.25 

.083 

10.13 

.074 

H 

8.98 

j  .066 

1 

10.61 

,  .075,  or  1  in  1333 

i    .OCXX3707,  or  Vt4.t43 
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Table  No.  an. — Fagbrsta  Steel  Plates — ^Tensile  Strength  as 

AFFECTED  BY  THE  FORM  AND  PROPORTIONS  OF  THE  SPEaMENS.     1 873. 
Avenged  lesutts  of  spedmens  from  }ito     lack  thick. 

Unannbalbd. 


Snaiisit& 

Elastic 
Streturth 
(Tensuei 
in  tons  per 
■qnara  iacfa. 

Breaking 

Weight 
in  tons  per 
square  inch. 

Ratio 
of  Elastic 
to  Breaking 
WeighL  ^ 

! 

ganmanCTt 

Sectional 
Area  of  : 

Length»br€adth....Figs.  218 
Length  «  3  breadths 

tons. 
16.05 
15.56 
13.71 

tons. 
26.39 
35.56 
23.00 

per  cent. 

6ao 
6a3 

59.2 

per  cent. 

29.7 
35.0 

14.0 

per  cent 
48.8 

43^ 

Length  =  breadth.... Figs.  218  ' 
Length  =  3  breadths  „ 

Anneai 

»3-53 
12.98 

12.04 

.ED. 

23.65 
23.16 
21.31 

57.0 
56.0 
56.5 

33- » 
39.3 
16.5 

391 
36.5 
34-4 

;: 
: 


Sixfk  Series  of  Experiments  <m  Fagersta  Sted. 

To  test  the  influence  of  holes  drilled  and  holes  punched  in  steel 

plates.  Specimens  were  formed  12^  inches  wide, 
and  othmrise  like  the  broad  speamen,  Fig.  219, 
for  comparison.  There  were  three  rows  of  rivet 
holes,  3  inches  apart ;  and  five  holes  in  each  row  at 
2^-inch  centres.    The  holes  were  .77  inch  in  dia- 

F&«"&iii^'!^MU  '"^^e'"'  -77^5-  3  85  inches  of  blank;  the 

net  section  was  {12.5 -3.85-)  8.65  inches  wide, 
or  69.2  per  cent,  of  the  total  width.  Table  No.  212  gives  some  deductions 
from  the  reported  results. 

Table  No.  212. — Fagersta  Steel  Plates — Tensile  Strength,  with 
Rivet  Holes  when  Drilled  and  when  Punched. 

Spedmens  \%yi  indwt  wide.   Three  rows  of  holes  .77  iodi  in  diameter. 

Unannbalbd. 


Plates. 
Thidtaeia. 

Reduced 
Sectirm  III  |)arts 
of  the  I  muI 
Section. 

Dkiluo  Houn. 

Kfdiiccd 
SirciiKth  in 
paru  of  Total 

Tensile 
Stfcncth  par 
niMre  tnich 
of  NttS«cti(Ni, 
innutaof  that 
01  Unndueed 
Saction. 

inch. 

\ 

H 

Averages... 

per  cent. 
69.2 
69.2 
69.2 
69.2 
69.2 

\tcT  cent. 

74-9 
1  76.6 

77.0 

78.3 
77.2 

percent. 
108.5 
III.O 

II  1.6 

i»3.5 
II  2.0 

69.2 

76.8 

111.3 

Reduced 
.Strcti^'th  in 
paru  of  TotaU 


Tennle 
Stmgth  per 

Mnuure  intcli 
of  Net  Section, 
in  parts  th.it 
or  Unrcd 


per  cent. 
67.0 
68.5 

69.5 

51.0 


per  cent. 


IOO14 

79-4 
74.0 

9(M> 
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Table  No.  212  {coiUimted), 
Annealed. 


Drillbd  Holm. 

PuNCHso  Kous. 

PLATBi. 

Rsdnced 
SecUon  in  pwrts 

of  the  Total 
Section. 

Rfldooed 

^frr.niTtn  in 
•  ■ilLli^iii  111 

parUi  of  Total 
Stnngjlh. 

Tensile 
Strength  per 
•quare  inch 
of  Met  Section, 
in  parts  of  that 
of  Unreduced 
Sectioii. 

Reduced 

parts  0?  Tolal 
Stienstli. 

Tensile 
Strength  per 
square  inch 
of  Net  Section, 
ill  pnruof  that 
01  UBwdnowi 
ScctioB. 

I 

1  ^ 

peroott. 
69.2 

69.2 
69,2 
69.2 
69.2 



percent. 

72.9 

74-  5 

75-  1 
77.0 

75.9 

per  cent. 

105.7 

108.0 
108.8 

1 1 1.6 
iiao 

per  cent. 
67.1 

67.8 

66.4 

^? 

percent. 

97.1 

98.0 

96.1 
105.6 
99.2 

1  Averages... 

69.2 

75.1 

108.8 

68.0 

98.6 

Unamealed.  Aimealed. 


per  cenL  per  cent. 

NoU. — The  average  elongation  with  drilled  holes,    14.9  18.0 

Do.  do.         punched  hoka,   6.3  16.6 

Do.  da        solid  plate,   29.7  33.1 

Setmth  Series  qf  Experimentit  m  Fagfrsta  Sied, 

To  test  rolled  steel  plates  under  bulging  stress.  The  specimens  were 
discs,  13  inches  in  diameter,  cut  out  in  the  lathe,  and  pressed  through 
an  iqperture  lo  inches  in  diameter.  The  bidger  or  ram  was  cylindrical, 
about  5  inches  in  diameter;  and  the  preparation  for  the  trial  is  shown  in 
fig.  204,  page  584,  and  the  finished  article,  after  bulging,  in  Fig.  205. 

Table  No.  213. — Fagersta  Steel  Plates — Resistance  to  Bulging 

Stress. 


Discs  12  inches  in  diameter ;  aperture  lo  inches  in  diameter. 

Unannealed. 


StftM- 

-Btttgng  in 

Uldowta. 

Disc. 

ThidcneiB. 

Lba., 

Lbs.. 

Lbs., 

1  Bulge. 

otrcM. 

inches. 

inches. 

inches. 

inches. 

tons. 

H 

1.86 

300 

1450 

buckled 

X 

1.09 

3-" 

3»-94 

uncracked 

H 

,89 

2!^ 

1  3.22 

46.92 

n 

.68 

1-93 

3.33 

71.83 

w 

H 

.44 

1.61 

2.77  1 

3-44 

97.90 

)i 

Annealed. 

H 

2.25 

1  3.04 

n.53 

buckled 

% 

1.32 

1  3.12 

26.77 

uncracked 

H 

1  3.23 

4367 

n 

% 

•73 

2.06 

1  3-34 

67.28 

n 

H 

.52 

1.72 

3.14 

1  345 

90.09 

1 

n 
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Siemens-Steel  Plates  and  Tyres.  1875. 

A  number  of  steel  j^lates  manufactured  to  the  specification  of  the 
Admiralty,  by  the  I.andore  Siemens-Steel  Company,  were  tested  for  the 
Company  by  Mr.  Kirkaldy. 

By  the  terms  of  the  specification,  it  was  required  that  the  ultimate 
tensile  stren^  sboiild  be  not  len  than  26  tons,  nor  more  than  30  tons» 
per  square  mch,  with  an  extension  of  20  per  cent,  in  a  length  of  8 
inches.  Strips  cut  lengthwise  of  the  plate,  inches  wide,  heated  uni- 
formly to  a  low  cherr)'-red  heat,  and  cooled  m  water  at  82**  F.,  were  to 
sustain  bending  double  in  a  press,  to  a  curve  of  which  the  inner  radius 
was  to  be  one-and-a-half  times  the  thickness  of  the  plate.  Abstracts  of 
the  results  of  the  tests  for  tensile  strength  are  given  in  table  No.  215. 
together  with  tests  for  the  tensile  strength  of  steel  tyres.  Twelve  sj^ecimens 
of  die  plates  of  the  2d  series  in  the  table,  were  tested  for  bending,  length- 
wise and  crosswise,  between  supports  at  10  inches  apart  All  the  sj^ecimens 
bore  the  test  uncracked. 

Plates  of  various  thicknesses  were  tested  for  resistance  to  bulging  stress, 
12-inch  discs  having  been  forced  through  lo-inch  apertures,  in  the  manner 
before  described,  page  584.  All  the  i)lates  bore  the  test  without  cracking. 
Particulars  are  given  in  table  No.  214. 

Two  steel  tyres,  of  which  the  tensile  strengths  were  tested  (3d  series, 
table  No.  215),  were  respectively  43  and  37  inches  in  diameter,  and  2.32 
and  2.ro  inches  in  ttnckness.  Tliey  were  collapsed  under  tzanswerse 
pressures  of  42.22  and  52.r6  tons;  so  liiat  oppoote  sides  of  the  hoop 
were  pressed  into  contact  with  each  other.  The  laiger  tyre  burst  at  one 
of  the  bends;  the  smaller  remained  unbroken. 

Table  No.  214. — Siemens-Steel  Plates — ^Resistance  to 

Bulging  Stress.  1875. 

Discs  12  iBcheB  m  diameter,  pressed  into  lo-inch  apertims. 


(Reduced  from  Mr.  Kirkaldy's  Reports.) 


1  Stress. 

Bulging  ill  inches. 

1  Ultinuae. 

Thickness  of  Plates. 

!  Ik 

IK 

lb. 

Bulge. 

Stress. 

inch. 

Unannealed. 

1  inch. 

twit. 

i 

1  .05 

1.71 
1.09 

1.96 

3.15 

63.750 
145.500 

tmcracked. 
do. 

Annealed. 

1 

■37 

.41 
.41 
.50 
.62 
.70 

!  .67 

i  .56 
1  .59 

!  -15 

1  -^^ 

2.02 
1.84 
1.89 

1.45 

1.40 

1.26 

2.79 
2.51 

2.18 

1  3->7 
I  3.22 

1  3-23 
3-31 

i  3-38 

1 

bS.ioi  1 
6S.080 
101.920 
1 15.1 1 1 
123.260 

)  uncracked, 
!  do. 
1  do. 
'  do. 

do. 

1  do. 

»  1 

L 

Digitized  by  Google 


STRl2:NGTU  OF  STILEL, 


613 


Table  No.  3X5.^ibmen5-Steel  Plates— Tensile  Strength.  187$. 

From  .57  to  .71  inch  in  tfifcknm. 

(Reduced  from  Mr.  Kirkaldy*s  Reports.) 


Series  1.   Plates  of  Different  Tiiicacn esses. 


f 

^    Elxstic  ^ 

Sirength 
per  square 
inch. 

,,  1 

l  Itim.itc 
StrenRth 
per  auuare 
inch. 

tons. 

32.535 
29.870 

1 

R.-»tio  of 
Elastic  to 

Ultimate 
Strength. 

1  Extbnsiom. 

1 

At  ^«-j,ijcio  1 
lbs.  per   i  Ultimate.  ' 

1 

Sectional 
Area  of 
*  FractUKB. 

1 

LENCTHWAY.    inch.  ' 

UnanneaUd....  .37 
vtfc       ■••«  .7 1 

tons. 
15.446 
13.572 

per  cent. 

47-4 
45.4  j 

per  cent. 
4.50 
6.75 

per  cent,  i 
22.3 
24.5 

per  cent. 
'  62.5 
55.3 

14.509 

31.202 

464 

5.62    1  23.4 

S8.9 

Do.     ......  .CO 

Do.      ,  .  .62 

14.062 

1  13.929 
1  13.303 

1  >3»25 
11.741 
10.937 

30.143 
29.647 

29.491 
291388 

27-595 
26.821 

40.0 
46.9 

45- 1 
44.6 

42.5 

40.7 

8.00 
8.08 

8.50 

8.66 
i  '3-8o 
17.72 

24.8 
21. 1 

24.8 

26.4 

25.5  . 
25.0 

50.9 

55-3 

55-5 
36.7 

54.5 

12.848 

28.848 

444 

10.79 

24.6 

56.8 

Crossway. 
Unannealed....  .yj 
Do  71 

15-314 
13.571 

32.442 
30.062 

47.2 
45.1 

4.52 
7  07 

/.V/ 

22.4 

62.5 
56.4 

14.442 

31.250  1  46.1 

5.79 

23.5 

59.5 

Annealed  37 

Da.  A9. 

Do.     •»...-.  .62 

13.928 
13.840 

13.303 
,  11.741 
10.937 

29.856 

20.705 
27.040 

26.885 

46.6 

46.3 
45.6 
44.8 

43-4 
40.6 

9-39 
9.07 

7.81 

8.50 
16.61 
17.30 

26.4 
26.3 

204 

20.2 
22.7 
26.0 

1 

CIA 

53-4 

'  50-4 
1    61 0 

53.3 
64.7 
49.3 

12.856 

28.788 

44.5 

11.44 

23,6 

[  59.1 

Series 

>  2.  Plai 

rES  Anne 

25-483 
26.996 

\LED,  ANr 

>  Harden 

ED. 

24. 1 
20.2 

47-5 

22.2 

1  494 

Hardened: — 
Cherry-red,  and  ) 
cooled  inwater  >  .64 
at  82*  F  ) 

i 

28.867 

29.036 

22.4 

18.0 

50.7 

'  54.5 

28.951 

1 

2a2    .j  52.1 
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Table  No.  215  {cmHnued). 
Series  3.  Tyres. 


Bkatie 
Strength 
per  square 
inak 

Ultimate 
Strength 
per  i||u>re 

Ratio  of 
Elastic  to 
UltiinBte 
StNOgth. 

EXTBi 

At  60,000 
lbs.  per 
§q.  inch. 

M8ION. 

Sectional 
Area  of 
Fracture. 

I 

inches 

istTyre,  specimen,  j 
1.51 1 
1. 511 

3d  Tyre,  specimen. 
1. 51 1 
1. 511 

Mai. 

17.098 
17.32' 

18.482 
18.840 

29.853 
30.800 

30.083 
31-075 

parent. 

57.2 
56.2 

61.4 
60.6 

6.58 
6.30 

6.48 

559 

pvowt. 

18.8 
23.6  1 

17.7 

16.9 

55.8 
51.9 

58.8 
704 

17.935 

30453 

58.8 

6.31 

19.3 

59.3 

Whitworth's  Fluid-compressed  Steel.' 

On  Sir  Joseph  Whitworth's  system  of  treatment,  a  pressure  of  6  tons  per 

square  inch  is  applied  as  quickly  as  possible  to  melted  steel,  after  it  is  taken 
from  the  furnace.  A  column  8  feet  high  is  reduced  i  foot  in  height  in  the 
course  of  five  minutes. 

Specimens  for  testing  tensile  resistance  are  cylindrical,  foniied  as  in 
Fig.  220;  the  central  portion  has  a  sectional  area  of  ^  square  inch,  being 


F%i.  aao^  nr.— WUtwoith'i  Fhiid-CoapttaiCid  SimI— Tut  Spedmaaa. 

.798  inch  in  diameter,  and  has  length  of  3  inches^  or  3^  diameters.  The 
upper  and  lower  [)ortions  are  screwed,  and  are  seised  uf  nuts.   The  usual 

appearance  of  broken  specimens  is  sho^^'n  at  Fig.  221. 

Table  No.  216  gives  results  of  tests  for  the  tensile  resistance  of  fluid- 
compressed  steel,  and  of  the  purest  and  best  irons  made  in  England. 

Sir  Joseph  Whitworth  states  that  he  can  produce,  with  certainty,  by  com- 
pression, steel  having  40  tons  ultimate  strength,  with  30  per  cent  ductihty. 
In  relation  to  this,  Mr.  F.  W.  Webb  says  that  he  has  no  difficulty  in  pro- 
ducing a  mOd  cast  steel  having  30  to  32  tons  ultimate  strength,  and  33  or 
34  per  cent  ductility. 

Sir  Joseph  Whitworth  considers  that  there  is  no  need  for  more  than  30 
per  cent  of  ductility ;  with  this  proportion,  steel  tears  when  ruptured,  and 
does  not  fly  to  pieces. 

He  expresses  the  value  of  steel  by  the  sum  of  the  tensile  strength  in  tons 
per  square  inch,  and  the  ductility  in  percentage  of  the  length,  found  by 
fracturing  specimens  of  the  form,  Fig.  220.  Thus,  for  steel  of  40  tons 
strength,  and  30  per  cent  ductility,  the  resultant  value  is  (40  -i-  30  =  )  70. 

'  The  mntcrials  for  this  notice  are  derived  ftom.  the  Fnmdmgi  of  the  JnUUntmt  9/ 
Alechanical  Mn^tucrs,  1875,  page  268. 
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Table  No.  216. — Whitworth's  Fluid-compressed  Steel,  and  Best 

Irons — Tensile  Strength. 


I.  Fluid^mpeissbd  Stbil. 


ArbitFtury  Distinguiahing 
ColMin  Ibr  Graupa. 

Tensile 

Strength 
per  square 
inck. 

Lniciuicy, 

or 

Elongation. 

'        Um  to  which  t]MStMliiw8edd& 

tons. 

per  cent. 

'  Axles,  boilers,  connecting  rods, 

Red,  Nos.  1,  2,3.... 

40 

32 

1    cross-heads,  crank-pins,  hydraul  i  c 
^    cylinders,  cranks,  prqfteUer  shafts^ 

rivets,  tyres,  &c. 
'  Cylinder  linings,  slide-bars  for  loco- 

Blue, Nos.  I,  2,3... 

48 

motives,  shuting,  couplings,  drill- 

24 

• 

spindU  s,     eccentric  -  shafts  for 

punching  machines,  large  swages, 
^    hammers,  &c. 

Large  planing  and  lathe  tools,  large 
shearsydriUs,  smiths' punches,  dies 

[     and  taps,  small  swages,  &c. 

Brown,  Nos.  i,  2, 3, 

5« 

17 

Yellow,  Nos.  1, 2, 3, 

68 

ID 

\ 

1  Boring  tools,  finishing  tools  for  plan- 
'    ing  and  turning. 

Special  alloy  vrith ) 

72 

1  For  particular  purposes. 

/Vote. — In  each  groop  Na  i  is  most  ductile,  No.  3  least  ductile. 


2.  Iron. 


DsiiCIUPTIOM. 

Ultimate  Tensile  Strength. 

1  Elongation. 

Seven!  Spedmens. 

Avenges. 

'  Scvml  SpaetawBi. 

AvMages. 

Wrought  Iron. 

Northamptonshire . . . 

Staffordshire  

Do.  (Dudley  Ward). 

tons  per  square  inch. 
[  3>,  30,  29,  27,  } 

\  27,  26.8,  26.8  3 

27,  24.8 

27, 26.8, 26, 25 
1 25,  24,  24,  24, 20 
)  26, 24, 24 

UNM. 

28.3 

25.9 
26.2 

23-4 
24.7 

per  cent 

(23,  22,31,41,) 
i  22,  43,  42  ( 

39i40 

39,  4CV  4I1  38 

35»  39»  34,  33»  15 
1  30»  35.  28 

per  cent. 

32 

39.5 

39-5 

31.2 

31 

!  

25.7 

34.6 

Cast  Iron. 

(  13,  12,  II,  II,) 
i  »o,  9.S,  7  ( 

10.5 

( .90, 1. 10, 1.00,  ) 
I  .65, .75,. 1 2,. 50} 

.72 
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CHERNOFF'S  EXPERIMENTS  ON  STEEL.  ^ 

Steel,  when  cast  and  allowed  to  cool  quietiy,  assumes  a  crystalline  struc- 
ture. The  higher  the  temperature  to  which  it  is  heated,  the  softer  it  be- 
comes, and  the  greater  is  the  liberty  its  particles  possess  to  group  themselves 
into  crystals. 

Steel,  however  hard  it  may  be,  will  not  harden  if  heated  to  a  temperature 
lower  than  what  may  be  distinguished  as  dark  cherry-red  (temperature  a), 
however  quickly  it  is  cooled ;  on  the  contrary,  it  will  become  sensibly  softer, 
and  more  easily  worked  with  the  fila 

Steel  heated  to  a  temperature  lower  than,  say,  red  but  not  sparkling 
(temperature  does  not  change  its  structure  whether  cooled  quickly  or 
slowly.  When  the  temperature,  in  rising,  has  reached  /f,  the  substance  of 
steel  quickly  passes  from  the  granular  or  crystalline  condition,  to  the  amor- 
phous, or  wax-like  structure,  which  it  retains  up  to  its  melting  point  (tem- 
perature ('). 

The  points  a,  />,  and  Cj  have  no  pemianent  place  in  the  scale  of  temper- 
ature, but  their  positions  vary  with  the  quality  of  the  steel ;  in  pure  steel, 
they  depend  directly  on  the  quantity  of  constituent  carbon.  The  harder 
the  steel,  the  lower  the  temperatures.  The  tints  above  specified  have 
reference  only  to  hard  and  medium  qualities  of  steel;  in  the  very  soft 
kinds  of  steel,  nearly  approaching  to  wrought  iron,  the  points  a  and  ^ 
range  ver}'  high,  and  in  wrought  iron  the  point    rises  to  a  white  heat 

The  assumption  of  the  crystalline  structure  takes  place  entirely  in  cooling 
between  the  temperatures  c  and  ^;  when  ilie  temperature  sinks  below  d 
there  is  no  change  of  structure.  For  successful  forging,  therefore,  the 
heated  ingot,  after  it  is  taken  out  of  the  furnace,  must  be  forged  as  quickly 
as  possible,  so  as  not  to  leave  any  spot  untouched  by  the  hammer,  where 
the  steel  might  crystallize  (luietly,  but  that  the  formation  of  cr)stals  should 
be  hindered,  and  that  the  steel  should  be  kept  in  the  amorphous  condition 
until  the  temperature  sinks  below  the  point 

Below  this  temperature,  if  the  piece  be  left  to  cool  in  quiet,  the  mass  will 
no  longer  have  a  disposition  to  crystallize,  but  will  possess  great  tenacity  and 
homogeneity  of  structure. 

When  steel  is  forged  at  temperatures  lower  than  />,  its  crystals  or  grains, 
being  driven  against  each  other,  change  their  shapes,  becoming  elongated 
in  one  direction  and  contracted  in  another;  whilst  the  density  and  the 
tensile  strength  are  considerably  increased.  But  the  available  hammer- 
power  is  only  sufficient  for  the  treatment  of  small  steel  tbrgings;  and  the 
object  of  preventing  the  coarse  cr\'stalline  structure  in  large  forgings  is 
more  easily  and  more  certainly  etiected,  if,  after  having  given  the  forging 
the  desired  shaj)e,  its  structure  be  altered  to  the  homogeneous  amorphous 
(ondition  by  heating  it  to  a  temperature  somewh.at  higher  than  /',  and  the 
condition  be  fixed  l)y  rapid  cooling  to  a  temperature  lower  than  fi.  The 
jMcce  sliouhl  then  be  allowed  to  finish  cooling  gradually,  so  as  to  prevent, 
as  far  as  possible,  internal  strains  due  to  sudden  and  unequal  contraction. 

'  .Ahslr.-icterl  from  Rcmtirks  on  the  MotuifiictKre  of  Steel,  and  the  Mode  of  IVorkmg  it,  by 
I).  Chcriion'  iS«jS;  tinnslntt'il  by  Mr.  William  Anderson,  C.E.,  1S76.  Mr.  Anderson 
has  conferred  a  substantial  favour  upon  ihe  steel-manufaclurini^  and  steel-consuming  com* 
munity  by  the  Iranslaiion  and  circulation  of  this  valuable  document. 
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Strength  of  Steel  Wim. 

Dr.  Pde  states  that  munome  has  a  sesistaiice  equal  to  90  tans  per 

square  inch. 

Mr.  Roebling  states  that  sted  wire  has  been  maaufectured  which  would 
resist  a  tensile  stress  of  joo,ooo  lbs.,  or  134  tons,  per  square  inch;  but 

not  in  large  quantity. 

Steel  wire,  No.  14  W.G.,  or  .085  inch,  about  '/„  inch,  in  diameter,  made 
for  purposes  of  steam-ploughing,  has  a  tensile  resistance  of  from  2000  lbs. 
to  2240  lbs.,  equivalent  to  from  160  to  175  tons  per  square  inch. 

Shearing  Strength  of  Steel. 

The  ultimate  resistance  of  steel  to  shearing  stress  varies  from  69  to  78 
per  cent,  of  the  ultimate  tensile  strength  per  square  inch  of  section.  Mr. 
Kirkaldy  found,  for  16  specimens  from  a  bar  of  rivet  steel,  an  araage  of 
75.5  per  cent;  and  the  same  for  is  spedroens  of  Fagersta  steel.  Mr.  J.  T. 
Smkh,  in  an  article  hereafter  noticed,  states  that  the  force  required 
to  punch  a  hole  Jb  inch  in  diameter  through  the  |^>inch  webs  of  Bessemer 
steel  rails  varied  from  46 tons  to  82  tons,  according  to  the  hardness  of 
the  rail.  When  a  taper  of  '  V,  inch  was  allowed  in  the  hole,  the  shearing 
resistance  to  punching,  per  sijuare  inch  of  surface  cut  through,  was  such  as 
to  average  70.14  per  cent,  of  the  tensile  strength  for  the  softer  steels,  and 
72.5  per  cent  for  the  harder  steels. 

Upon  the  whole,  an  average  of  72  per  cent  of  the  tensile  strength  nay 
be  accepted  as  the  shearing  resistance  of  steel 

Transverse  Strength  of  Steel  Bars. 

The  instances  of  tests  for  tiie  transverse  stren^h  of  sted,  detailed  in 
previous  pages,  are  resumed  below,  showing  the  dimensions  of  specimens, 
with  their  average  ultimate  tensile  and  transverse  strengths.  The  transverse 
strengths,  also,  are  calculated  from  the  tensile  strength  by  formula  (  i  ), 
page  507,  and  entered  in  the  second  last  column  of  Uie  table.  The 
formula  is, 

yf^LlSSid'S   

W  =  the  breaking  weight  at  the  middle,  in  tons. 
^,  ^  /sthe  breadth,  depth,  and  span,  in  incbcSk 

x= the  ultimate  tensile  strength,  in  tons  per  square  inch. 

Take  the  first  example  in  the  table: — 1.75  inches  square,  25-inch  span, 
32.27  tons  tensile  strength. 

Actual  .weight  applied  -  7.35  tons  (uncracked). 

These  steels  show  a  still  closer  correspondence  of  the  calculated  to  the 
actual  strmgdis  than  was  shown  bj  the  wrooght  irons,  page  589.  Natunlb^, 

the  trans\er«5e  streni^th  for  uncrnrked  specimens,  as  calculated  above,  is 
somewhat  greater  than  the  observed  strengths,  since  the  strength  was  not 
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exhausted  by  actual  finctnre.  The  avenges  are  practically  identical,  and 
the  identity  of  the  calculated  with  the  experimental  strengths,  is  a  natural 
consequence  of  die  homogeneity  of  the  material 


A,  Hematite,  pajge  505, 
SiKnipp,  **Jed&o/^| 

page  59(5,  

4,  Krupp,  "Sultau," 

page  596,  

18^  Bcwemcr,  pu  599^.. 

II,  Crucible,  p.  599,.  ■• 
4,  Fagersta,  p.  604, .. 

Avenges,. 


Sbction. 

1 

mthiMH  Straofidi* 

Breadth. 

Depth 

Span. 

Tensile, 
peraq. 
inch. 

Tl'MMVlBIWt 

BmcTs. 

CalcnteMd. 

ActnL 

inch. 

inch, 

inch. 

tons.  ! 

tons. 

tons. 

1-75 

25 

32.27 

7-99 

7-35 

uncracked. 

1.50 

1. 91 

42.07 

26.59 

27.14 

1.37 

1.76 

10 

41.18 

9at9 

21.31 

fiactuied. 

1.90 

1.90 

20 

33-34 

13.34 

13.74 

uncracked. 
i  uncracked  in 

1.90 

1.90 

20 

36.30 

14. 3S 

15.04 

<  most 
(  inilaiioeib 

1.90 

1.90 

20 

1 

39.  «6 

15.51 

15.61 

\  half  fractured, 
1  half  uncracked. 

16.33 

16.53 

The  general  formula  (  i  )  may  be  adapted  for  steels  of  a  particular  tensile 
strength,  by  substituting  for  (i.  155  j)  its  numerical  value.  Thus,  for  steel 
of  30  tons  tensile  strength,  1.155 1  =  1.155  x  30  =  34.6 ;  and 


W 


^^±^   (2) 


Uhimate 
Tensile  Strength. 


30 

3« 
34 

35 
36 

38 
40 


(l.t5S«)- 

34-6 

37-0 

39-3 

403 
41.6 

43-9 
46.2 


Ultimate 
Tensile  Strength. 


4a 

44 

45 
46 

48 
50 


Coe6icient 

.  48.5 

.  50.8 

.  52.0 

.  53.1 

•  55-4 

.  57.8 


Rule. — To  find  the  Ultimate  Transi^ersc  Strength  of  Recta ngttlar  Steel 
Bars. — Multiply  the  breadth  by  the  square  of  the  depth,  and  by  the  coetii- 
cient  (1.155  corre.sponding  to  the  ultimate  tensile  strength,  and  divide 
by  the  span.  The  quotient  is  the  breaking  weight  in  tons,  applied  at  the 
middle. 

Note, — ^To  find  the  coefficient  for  any  other  tensile  strength,  not  given 
above,  multiply  the  given  tensile  strength  by  1.155. 

Transverse  Deflection  of  Steel  Bars. 

For  want  of  data,  it  is  assumed  that  the  deflection  of  steel  bars  is  to  that 
of  iron  bars  of  the  same  dimensions,  in  the  ratio  of  their  extensibilities, 
or  inversely  as  their  coefficients  of  elasticity.  From  the  results  of  experi- 
ments on  iron  and  on  steel  rails,  it  appears  that  Uie  coefficients  are  practi- 
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cally  as  11  to  13.  Increasing,  therefore,  the  numerical  coefficients  for 
wrought-iron  bars,  in  formulas  (  5 )  and  ( 6  ),  page  590,  in  this  ratio,  the 
following  formulas  are  deduced: — 

ElasHc  D^UOum  of  Utdjorm  Bars  of  SUtl,  loadai  at  the  mid^ 

Square  bars,   ^         ^,    (  3  ) 


Round  ban,   D  = 


56,000  b  rf» 
38,000  d* 


(  4  ) 


D-the  deflectioD,  b  the  breadth,  d  die  depth,  /  die  span,  all  in  indies; 
W«the  weight,  in  tons. 

Torsional  Strength  of  Steel  Bars. 

The  torsional  resistances  of  steel,  already  recorded,  are,  with  the  ultimate 
tensile  and  shearing  strengths,  resumed  below,  and  the  calculated  resistances, 
by  formula  (  i  ),  page  534,  are  added  in  the  second  last  column.  The 
shearing  strength  is  taken  at  72  per  cent,  of  the  tensile  strength,  as  was 
setded,  page  617.  The  torsional  stress  was  applied,  in  the  following 
experiments,  at  the  end  of  a  la-inch  lever.   The  formiila  is, — 

W=:i2^  (5) 

W  =  the  breaking  stress  in  tons. 
//  =  the  shearing  strength  in  tons  per  square  inch, 
d  -  the  diameter  in  inches. 
R  =  the  radius  of  the  force  in  inches. 
WR«  the  moment  of  die  force,  in  statical  inch-tons. 

Take  the  first  example  in  the  table  below: — inches  in  diameter,,25.2i 
tons  shearing  strength,  and  a  12-inch  radius: — 

B«.iing fo.ce.  by  fon^d.-  '^'"  ton. 


Ultimate  Tonioiial 

Fon 

sc. 

CalciilalwL 

Actual 

tons. 

tons. 

1. 141 

1.030 

1.343 

1.280 

1.007 

1.068 

1.472 

1.470 

I.S99 

I.61O 

.912 

1. 184 

1.043 

1.064 

1.009 

.674 

.679 

.958 

.919 

X.I  35 

1. 105 

4,  Hematite,  page  595, 

4,Krupp,  "Jeddo,"     „  596, 
4,  Krupp,  "  Sultan,"    „  596, 
18,  Bessemer,   „  600, 

1 1,  Crucible,   „  600, 

3,  Fagersta,  a,   „  604, 

3,     Do.      ^,  ...M...  „  604, 

3,     Do.      c,   „  604, 

3,     Do.      d,   „  604, 

12,  Da  average,  

Averages  of  all, .... 


UltiflMtft  ScnBgih. 


inches. 
1.25 

1.128 
1.382 
1.382 
1.128 
1. 128 
1. 128 
1. 128 
1.138 


tons. 
32.27 
41.18 
42.07 

33-43 
36.30 
38.04 

47.60 
45.82 

27.37 
39.16 


ions. 
25.21 

say  72% 


27.42 

35.60 
31.99 

2a28 
28.83 
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The  results  of  experiment  and  of  calculation  show  a  close  correspondence. 
W  hen  the  shearing  strength  is  not  known  experimentally,  substitute 
.72  Sf  or  72  per  cent  of  the  tensile  strength    fior^ii  the  fiHmaUt;  sod 

UUtmaii  TlM^siamd  Str&igih  9/ Sied  Bmrs, 
Wfacn  the  truilii  MRngth, «,  is  30  tout,  tlim  y  aixl 

w-5^i  (I) 


WR 


6 

Generally,  for  tensile  strengths  of  from  30  to  50  tons,  the  values  of  the 
numerical  coefficients  in  formulas  (  7  )  and  (  8  ),  are  as  follows . — 

Tensile  Strength.  Coefficient.  Tensile  Strength.  Coeffidcoc 

(.«*). 


{•to  9.) 

COM 

6 

6.4 

44 

6.8 

45 

7 

46 

48 

7.6 

8 

8.4 

8.8 

9 

9.2 
9.6 
10 


30   

3a   

34   

35   

36   

38   

40   

Elastic  Torsional  Strength  of  Steel  Shafts. 

Hematite  steel   41.5  per  cent  of  ultimate  strength. 

Krupp,  "Jeddo"   38.4         „  „ 

Krupp,  "Sultan"   47.3  „  „ 

Bessemer   44.6  „  „ 

Crucible   42.5  „  „ 

FageisU  (average)   50.2         „  „ 

Average   44.1  percent 

Elastic  Torsional  Shearing  Stress  and  Deflection  of  Steel  Bars. 

The  dastic  shearing  stress    is  found  by  fonnula  ( 3 ),  page  535. 

.     WR  f  . 

 <^'> 

For  Hematite  steel,  for  example,  i>age  595,  W  R  =  .428  tonx  12  inches  = 
5.136,  the  moment  of  the  force,  and      —  ^: ' —  =  0.46  tons  per  square 

.278  X  1.25^ 

inch,  the  elastic  limit  of  shearing  stress.  The  coefficient  of  torsional  elas- 
ticity, E',  as  defined  at  page  536,  is  ibftmd  by  fomrala  ( 12  ),  page  537 : — 

E'-  -5^/,^  =  ^^^l2iiLii^  3ox.,forH«B«he  steel 
.873  d*  D   .873  X  1.25*  X  .008 
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For  the  several  steels,  the  elastic  shearing  stress  and  coefiicient  of  elas- 
ticity, calculated  in  tlie  saiue  way,  are  as  follows: — 


SpecuBcns. 

Elastic 
Shearing 
Stress  per 
square  inch. 

Coeffictcat 

Steels. 

Diameter  and 
Lenfth  tor 

OfliAmYA  t  i  ( in 

of 

inches,  inches. 

tons. 

E' 

page  595 

1.25    X  10 

9.46 

3012 

KruDD  "  leddo." 
Krupp,  "Stthan,".... 

ft 

596 

r.25   X  2.5 

10.85 

1^82 

596 

1.128x2.256 

13.95 

» 

600 

1.382  X  II 

10.73 

2472 

600 

1.382  )?  1 1 

I  I.I9 

2035 

»> 

604 

1.128x9 

15.25 

^1 

n 

604 

1.128  x9 

15.10 

t$ 

604 

1. 128  X  9 

14.56 

Do.  d,   

It 

604 

1. 128  X  9 

10.25 

f» 

604 

1.128x9 

13.77 

Omitting  the  coefficients  of  elasticity  for  the  "  Jeddo  "  and  the  Sultan,** 
as  the  specimens  were  very  short,  the  average  of  the  remaining  three  co- 
efncicnts  is  2503;  and  the  value  of  .873  E'  in  formula  ( 10 ),  page  537,  is 
(.873  x  2503  = )  2185;  say  2aoa   Whence,  by  subsdtutioD: — 


Elastic  7}frsianal  DeflecH<m  of  SUd  Bars. 

W  R/ 


2200 


(io> 


D  =  the  total  angular  deflection  in  parts  of  a  revolution. 

W  =  the  twisting  force  in  tons. 
R  =  the  radius  of  the  force  in  inches. 
W  R  ^  the  moment  of  the  force  in  statical  inch-tons. 

/  =  the  length  of  the  shaft  under  torsional  stress  in  inches. 
^   the  dianieter  of  the  shaft  in  inches. 


Strength  of  Steel  Relatively  to  the  Proportton  of  Constituent 

Carbon. 

Mr.  F.  W.  Webb  produces  steel  for  boiler  i)lates  having  a  tensile  strength 
of  28  tons  per  square  inch,  and  contaming  '/jth  per  cent,  of  constituent 
carbon. 

Mr.  T.  E.  Vickers  tested  the  tensile  strength  of  steel  of  various  degrees  of 
carbonization,  ranging  from  No.  2,  having  0.33  per  cent,  to  Na  20,  having 
1.25  per  cent,  of  carbon.^  The  specimens  were  turned  to  r  inch  in 
diameter,  and  to  a  length,  for  observation,  of  14  inches.   The  results  of  the 

tests  are  given  in  table  No.  2 1 7. 

The  table  shows  that  the  tensile  stren^ah  of  steel  is  increased  by  the 
addition  of  carbon,  until,  with  i  l^^  per  cent.,  it  amounts  to  69  tons  i)er 
square  inch.    The  elongation  is,  at  the  same  time,  reduced.    But,  beyond 

»  .^ee  Mr.  Vickcre'  paner  on  the  "Strength  of  Sted**  [JProettiings  of  tke  Imtttuthn  0/ 
Meckanitai  Engmtirs,  im,  ^^)* 
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the  last  degree  of  carbonization,  i  per  cent,  the  steel  becomes  gradually 
weaker,  until  it  reaches  the  fonn  and  strength  of  cast  iron. 

Table  Na  217. — ^Tensile  Strength  of  Steel  Containing  Different 

Proportions  of  Carbon.  1861. 


Mr.  T.  Edwaid  Vicken. 


Descnption  of 
ScceL 

Proportion  of 
Carbon^ 

Brealcing 
Weight  per 

Elongatioh. 

(•ppronmate). 

iquara  indi. 

per  cent. 

tons. 

inches. 

No.  2 

•••  '33 

...  1.37,  or  9.8  per  cent. 

No.  4 

...     *43  ••• 

...      34.0  ... 

...  1.57,  or  9.8 

19 

No.  5 

...     -4^  ■•• 

...    37-5  ••• 

...  1.25,  or  8.9 

No.  6 

...     .53  - 

...    42.5  ... 

...  1. 1 2,  or  8.0 

» 

No.  8 

•  •  •            •  •  • 

...    45.0  ... 

M 

No.  10 

•  •  •            *  *  * 

...    45-5  ... 

tt 

No.  12 

...    55.0  ... 

n 

No.  15 

I.OO  ... 

n 

No.  20 

•  •  •    I       *  *  * 

i> 

A  specimen  bar  was  turned  down  to  a  diameter  of  ^  inch  at  the  middle, 
so  as  to  form  a  circular  notch.  On  being  tested,  it  broke  with  79  V2  tons 
per  square  inch,  whilst  the  ordinary  specimen  bar  of  the  same  stea  broke 
with  60  tons  per  square  inch. 

Mr.  Webb's  datum  above  given  is  in  harmony  with  Mr.  Vickers'  data. 

See  also  on  this  subject  Railway  Rails,  at  page  664. 


RESISTANCE  OF  STEEL  AND  IRON  TO  EXPLOSIVE  FORCE. 

Sir  Joseph  Whitworth  tested  iron  and  steel  by  the  explosive  force  of 
gunpowder.  The  specimens  were  cylinders  having  a  bore  of  ^  inch,  a 
diameter  outside  of  i  V  inches,  and  a  length  of  4  inches.  They  were  made 
open  at  the  ends,  ana  were  closed  for  the  purpose  of  tiie  experunents. 


Table  No.  218. — Resistance  of  Iron  and  Steel  to  Explosive  Force. 


Mktal. 

• 

Chatge  of  Powder. 

Expansion 
in  diameter 

at  middk 
before 

bofsdof. 

1 

of  pieces 
when 

bum. 

Wrought  iron,  Staffordshire,  coiled  

Fluid  compressed  steel,  No.  3,  red   1 

Do.          do.        No.  3,  brown..  1 

grains. 

95 

275 

325 

ratio. 
I 

6.3 
18.3 
21.7 

inch. 

.0000 

.0997 
.1659 
.0950 

pieces. 
36 

5 

2 

4 

*  The  intermediate  percentages  of  carbon  in  column  2,  from  No.  4  to  No.  15  inclusive, 
are  merely  approximate,  having  been  interpolated  in  proportion  to  the  N06.  of  the  sted. 
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RECAPITULATION  OF  DATA  ON  THE  DIRECT  STRENGTH 

OF  IRON  AND  STEEL. 

Qui  Irwif  pp^  553  to  561. — ^The  ultimate  tensfle  stiengih  ranges  from 
5  to  7)4  tons  per  square  inch:  first  meltings,  specimens  under  i  inch 
in  thickness.  For  thicker  castings  the  strength  diminishes.  The  com- 
pressive strength  is  from  four  and  a  half  to  about  seven  times  the  tensile 
strength.  For  general  calculations,  say,  tensile  strength  7  tons,  compressive 
strength  49  tons. 

The  ultimate  tensile  strength  is  increased  by  repeated  remeltings  to  from 
15  to  20  tons  per  square  indi;  and  the  compressive  strength  to  from  70  to 
80  tons. 

The  elastic  strength  practically  is  equal  to  the  ultimate  tensile  strength. 

Wrought  Iron,  pp.  567  to  591. — The  ultimate  tensile  strength  of  rolled 
bar  iron  varies  from  22^  to  30  tons;  rivet-iron  from  24  to  27  tons. 
Plates  from  20  to  23  tons;  about  i  ton  less  crossway  than  lengthway  of 
the  fibre.  The  strength  is  reduced  more  than  i  ton  by  annealing.  The 
resistance  to  compression  is  an  indefinite  quantity. 

The  elastic  tensile  strength  of  iron  bars  averages  not  less  than  50  per 
cent  of  the  ultimate  strength;  and  that  of  iron  plates  is  generally  firam 
55  to  60  per  cent  of  the  ultimate  strength. 

The  elastic  strength  of  bars  and  plates,  both  tensile  and  compressive, 
may  be  taken  at  1 2  tons. 

The  elongation  of  wrought-iron  bars,  within  the  elastic  limit,  is  at  the 
rate  of  ^^o,ooo  to  '/i^ooo  part  of  the  length— say,  an  average  of  '  ^2.000  l>«irt — 
per  ton  per  square  mch;  or  a  total  of  '/loo©  part  of  the  length.  The  same 
fraction  may  be  taken  for  compression  within  the  elastic  limit 

ApproximaU  Strength  of  Wrtrnght-iron  Ban  in  Terms  of  the  Cirtuiar 
Jtuh  (Mr.  E.  Clark). — "  A  strength  of  20  tons  per  square  inch  is  nearly 
equivalent  to  one  of  16  tons  per  circular  inch.  An  ordinaiy  i-inch  round 
rod  bears  tensilely  16  tons,  and  weighs  8  lbs.  per  )rard. 

"  For  a  round  rod  of  any  diameter,  the  square  of  the  diameter,  in 
quarter-inches,  is  the  breaking  weight  in  tons. 

"  Half  this  quantity  is  the  weight  in  pounds  i)er  yard. 

"  A  rod  will  be  perceptibly  damaged  by  half  this  stress,  which  can  never 
be  safely  exceeded;  one-third  being  sufficient  in  practice." 

Sttdi  pp>  593  to  61$. — ^By  Mr.  Kirkaldy's  earliest  experiments,  it  was 
found  that  die  average  tensile  strength  of  bar  steel  varied  from  60  tons 
for  tool -steel,  to  28  tons  for  puddled  steel;  and  that  of  steel  plates 
from  ^/,6  to  5/,6  inch  thick,  from  32  to  453'2  tons. 

From  subsequent  experiments,  it  appears  that  the  ultimate  tensile  strength 
of  rolled  bar  steel  varies  from  30  to  50  tons  per  square  inch.  The  average 
tensile  strength  may  be  taken  at  35  tons,  and  the  elastic  strength,  tensile 
and  compressive,  at  20  tons.  The  tensile  and  the  elastic  compressive 
strength  of  hammered  sted  ban  is  from  4  to  5  tons  more  than  that  of 
rolled  bars. 

By  annealing,  the  elastic  strength  of  rolled  steel  bars  is  reduced  3  tons, 

and  that  of  hammered  bars  5  tons. 

Steel  plates  have  elastic  tensile  and  compressive  strengths  averaging  about 
14  tons;  the  ultimate  tensile  strength  is  from  22  to  32  tons,  according  to 
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the  proportion  of  constituent  carbon.  The  strength  is  the  same  lengthwise 
and  cRHSiiise. 

Annealing  reduces  the  tensile  strength  of  steel  plates,  elastic  and  ultimate, 
by  I  ^  or  2  tons;  and  the  elastic  compressive  strength  by  twice  as  much. 

The  elongation  and  the  compression  of  steel  b^irs  ^\'^thin  the  elastic  limit 
may  be  taken  at  '/x^ooo  part  of  the  length  per  ton  per  square  inch;  or  a 
total  of  Vxooo  part  of  the  length. 


e 


90 


Fig. 


Stfu  per  Sfuar*  hicK 

k— Uriklhr*  BloDCMion  of  i»fcet  Bm  of  Gmt  Ikni»  W^moght  Irao,  and  SteeL 


The  comparative  behaviours  of  bars  of  cast-iron,  wTought-iron,  and  sted, 
10  feet  in  length,  under  tensile  stress,  as  previously  recorded,  is  shown 
diagram matieally  in  Fig.  222,  annexed.  It  is  seen  tliat  the  extension  of 
cast  iron,  which  breaks  under  a  tensile  stress  of  7  tons  per  s«|uare  inch,  is 
very  limited,  and  that  die  rate  of  extension  is  nearly  uniform  concurrently 
with  the  stress;  whilst  the  wiought-iion  and  the  steel  bars,  which  were 
broken  at  s8  tons  and  ^2%  tons  per  square  mch  respectively,  suddenly 
acquire  a  greatly  increased  rate  of  elongation  at  the  yielding  points,  which 
are  arrived  at  when  about  half  Ae  breaking  stress  has  been  applied.  It  is 
not  necessary  to  enter  into  more  detail,  as  the  diagram  is  only  intended 
to  show  the  leading  characteristics  of  the  three  metals  under  tensile 
stress. 
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WORKING  STRENGTH  OF  IbCATERIALS— FACTORS  OF 

SAFETY. 

The  elastic  strength  of  materials,  cast-iron  excepted,  is,  In  general  terms, 
half  of  their  ultimate  or  breaking  strength.  For  cast-iron,  though  there  is 
no  clearly  defined  elastic  limit,  the  same  measure  may  be  adopted.  If  a 
working  load  of  half  the  elastic  strength,  or  one-fourth  of  the  ultimate 
Strength,  be  accepted,  equal  range  fat  fluctnaiioii  within  the  elastic  limit  is 
proviaed.  But,  as  bodies  of  the  same  material  are  not  uniform  in  strength, 
It  is  necessary  to  observe  a  lon^  limit  tlHMi  a  fourth  where  the  malerial  is 
exposed  to  great  or  to  sudden  variations  of  load. 

Cast-iron. — Mr.  Stoney  recommends  one-fourth  of  the  ultimate  tensile 
strength,  for  dead  weights;  one-sixth  for  cast-iron  bridge  girders;  and  one- 
eighth  for  crane-posts  and  machinery.  In  compression,  free  from  flexure, 
according  to  Mr.  Stoney,  cast-iron  will  bear  8  tons  per  square  inch;  for 
cast-iron  arches,  3  tons  per  square  inch;  for  cast-iron  pillars,  supporting 
dead  loads,  one^th  of  tfte  ultimate  tensile  strength;  for  pilfaus  subject  Ito 
ytbration  from  machmery,  one^ghdi;  and  for  pillars  subject  to  shocks 
from  heavy-loaded  waggons  and  me  like,  one-tenth,  or  even  less  where  the 
strength  is  exerted  in  resistance  to  flexure. 

Wr ought-iron. — For  bars  and  plates,  5  tons  per  square  inch  of  net 
section  is  taken  as  the  safe  working  tensile  stress;  for  bar  iron  of  extra 
quality,  6  tons.  In  compression,  where  flexure  is  prevented.  4  tons  is  the 
safe  limit;  in  small  sizes,  3  tons.  For  wrought-iron  columns.  .sn])ject  to 
shocks,  Mr.  Stoney  allows  a  sixth  of  the  calculated  breaking  weigiu ;  with 
quiescent  loads,  one-fourdL  For  machinery,  an  eighth  to  a  tenth  is  usually 
practised;  and  for  steam-boilers,  a  fourth  to  an  eighth. 

Mr.  Roebling  says,  "I^ng  experience  has  proved,  beyond  the  shadow  of 
a  doubt,  that  good  uron,  exposed  to  a  tensile  strain  not  above  one-fifth  of 
the  ultimate  strength,  and  not  subject  to  strong  vibration  or  torsion,  may 
be  depended  upon  for  a  thousand  years."  ^ 

Steel. — A  committee  appointed  by  the  Board  of  Trade  recommended 
that  a  stress  of  6^  tons  per  square  inch  should  not  be  exceeded  in  bridge 
woik  for  railways.  Mr.  Stoney  recommends^  for  miki  steel,  a  fourth  of  the 
ultimate  tensile  strength,  or  8  tons  per  square  inch.  The  limit  for  com- 
pression must  be  regtdated  very  much  by  the  nature  of  the  steel,  and  whether 
it  be  unannealed  or  annealed.  Probably  a  limit  of  8  tons  per  square  inch, 
the  same  as  the  limit  for  tension,  would  be  the  safe  maximum  for  general 
purjjoses.  In  the  absence  of  experience,  Mr.  Stoney  recommends  that,  for 
steel  pillars,  an  addition  not  exceeding  50  per  cent,  should  be  made  to  the 
safe  load  for  wrought-iron  pillars  of  the  same  dimensions. 

Timber, — One-tendi  of  die  ultimate  stress  is  an  accepted  limit  Timber 
piles  have,  in  some  situations,  borne  permanently  one-fifth  of  their  ultimate 
compressive  strength. 

Foundations, — According  to  Professor  Rankine,  the  maximum  pressure 
on  foundations  in  firm  earth  is  from  17  lbs.  to  23  lbs.  per  square  inch  ;  and 
he  says  that,  on  rock,  it  should  not  exceed  one-eighth  of  the  crushuig  load. 

Masonwork, — Mr.  Stoney  says  that  the  working  load  on  rubble  masonry, 

^  Engnuermg,  Ansast  16^  1867. 
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brickwork,  or  concrete  rarely  exceeds  one-sixth  of  the  crushing  weight  of 
the  aggregate  mass;  and  that  this  seems  to  be  a  safe  hmit  In  an  arch,  the 
calculated  pressure  should  not  exceed  one-twentieth  of  the  crushing  pres- 
sure of  the  stone. 

Ropes. — For  round  ropes,  the  working  load  should  not  exceed  a  seventh 
of  the  ultimate  strength;  and  for  flat  ropes,  one-ninth. 

Dr.  Rankine^  gives  the  following  data  as  factors  of  strength: — 

Dead  Load. 

Factors  of  safety  for  perfect  materials  ) 

and  workmanship   \ 

For  good  ordinary  materials  and  work- 
manship : — 

Metals   3 

Timber   4  to  5 

Masonry   4 

A  dead  load  on  a  structure  is  one  that  is  put  on  by  imperceptible  degrees, 
and  that  remains  steady;  such  as  the  weight  of  the  structure  itself 

A  live  load  is  one  that  is  put  on  suddenly,  or  is  accompanied  with  vibra- 
tion; such  as  a  swift  train  travelling  over  a  railway  bridge,  or  a  force  exerted 
in  a  moving  machine. 


Live  Load. 

4 


6 

8  to  10 
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STRENGTH  OF  COPPER  AND  OTHER  METALS. 


Table  No.  219. — Ultimate  Tensile  Strength  of  Copper  and  its 

Alloys,  and  other  Metals. 


Dbscription  op  Mktal. 


Copper,  wrought  

Do.  cast  

Do.    ordinary  bolts  

Do.  bolts,  with  1  per  cent,  phosphorus... 
Do.  do.  I  „ 
Do.  do.  1.5  „ 
Do.  do.  I  „ 
Do.  do.  2  „ 
Do.  do.  I  „ 
Do.  do.  2  „ 
Do.  do.  2  „ 
Do.  do.  3 
Do.  do.  4  „ 
Gun  metal,  12  copper,  i  tin  

Do.       II     „      I  „   

1^0.       10     „      I  „   

Do.        9     „      I  ,  


Speci- 
fic 
Gravity 

1  Ultimate 
Tensile  Strength 
per  souare 
inch. 

tons. 

15.00 

8.481011.67 

16.00 

8.202 

7.56 

8.592 

16.47 

8.876 

17.13 

19.20 

8.614 

20.25 

20.34 

8.580 

20.41 

8.615 

20.27 

8.422 

21.38 

22.32 

12.94 

1 37 1 

14-73 

17.00 

Dr.  Anderson 


'  Useful  Riilis  and  Tables,  page  205. 
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DnottPTiOM  or  Mstau 


Gun  metal,  aven^  strength  of  good  bronze 
Gun  metal,  average  results  of  tests  of  | 

specimens  from  bronze  guns — elastic  > 

strength,  6.56  tons  ) 

Gun  metal,  American  guns — 

Gun-heads  

Breach-squares  

Small  bars  cast  in  same  moulds  with  guns 

Small  bars  cast  separately  in  iron  moulds 
Do.  do.        in  clay  moulds 

Finished  guns  

Alloys  of  copper  and  tin,  unwrougfat — 

Equivalents.  By  weight. 

10  Cu+  Sn,  84. 29  copper -I- 15.71  tin,  gun  metaL.. 


Cw^;  Ultimate 

Tensile  Strength 


9Cii-f-  80,82.81 

8Cu+    Sn,  81.10 
7CU-I-  80,78.97 
Cu+  Sn,  34.92 
Cn+jSn,  15.17 
Sn,  o 


it 
*» 
>• 
>> 
II 
II 


It 


+  17.19 
+ 18.90 

+  21.03  >t  brasses  

+  65.08,,  small  bells.. 
•I*  84.83  ^specolammet 
•hioa  „  tin 


Aluminium  bronse—90  copper,  10  aluminium 
Do.  maximum  

Tin,  cast  

Do.  Banco  

Lead,  cast  

Do.  sheet.  

Lead  pip>e  

Zinc,  cast  

Soft  solder — 2  tin,  i  lead  

Brass,  fine  or  yellow  

Brass,  fine  or  yellow.  2  copper,  i  zinc  

Brass  tube,  62  copper,  38  zinc  

I>o.   „   70    „     30  „   

Do.  wire  

Muntz*s  metal— 3  copper,  2  zinc  

Alloys  of  copper,  zinc,  iron,  and  tin—"  Sterro- 
metal" — 

Copper  iQ,  iron  10^  sine  80  

Do.   60,   „     3,    „  39,  tin  1.5  

Do.   60,    „     4,    „  44,  „  2:— 

Cast  in  sand  

Cast  in  iron,  annealed  

Cast  in  iron,  forged  red  hot  

Copper  60,  iron  2,    zinc  37,    tin  I  

Do.   60,    „   2,      „   35,     „  2  

Do.   55-0,  »    177,  »   42.36,  ,,0.83:— 

Cast  

Forged  red  hot  

Drawn  cold  


— 

14.73 

Dr.  Anderson 

12.19 

M 

0-523 

•3-24 

waae 

8.705 

20.76 

11 

8-953 

16.83 

8.313 

II. 51 

99 

ia3  to  23.1 

n 

8.561 

16. 1 

Mallet 

8.463 

15.3 

>i 

6.459 

17.7 

II 

0. 720 

13.6 

»» 

ft  f\eA 

*'4 

>i 

II 

7.201 

3.C 

II 

— 

32.67 

Dr.  Anderson 

43-<» 

»> 

z 

2.1! 

Rennie 

7.297 

Wade 

Rennie 

.86 

Navier 

1. 00 

Jardine 

— 

1.336 

Stoney 

3>35 

Rankme 

8.03 

Rennie 

— ~ 

12,90 

Dr.  Anderson 

46.00 

Everitt 

36.00 

- 1 

40^77 

Dufour 



22.00 

Dr.  Anderson 

7.000 

3-17 

Dr.  Anderson 

24.00 

» 

19.25 

n 

24.25 

it 

31.00 

n 

34.0 

n 

38.0 

n 

37.0 

tt 

34.0 

tt 

1  38.0 

n 
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Table  No.  220. — Phospuor-Bronze,  Bronze,  aud  Brass.   From  Liege. 

Tensile  Strength. 


(Reduced  from  Mr.  Kirkakly's 
Rcpon.) 

DsscurrioN. 

Elastic 
Strength 
per 

inch. 

Ultimate 
Strength 

P«r 
square 
inch. 

Ratio 
of  Elastic 
to 

L'ltimale 
Strength. 1 

1  ' 

i 

[At  90,OCX> 

1 1    

lbs.  per 
st^uare 
1  HKh. 

IVactaic. 

Phosphor-Bronze. 
Averages  of  12  specimens 

tons. 

4.777 
10.62$ 
74«2 

tons. 

22.730 
15.386 

per  cent. 

•J  J 
68.5 

48.6 

per  cent. 

.og 

5.13 
1.59 

1 

per  cent. 

3.6 

33.4 
II.4. 

'  per  cesL 
^  96.1 

68.1 
874 

Ordinary  Bronze. 
Averages  of  6  specimens 

7.321 

8.794 

8.095 

9.061 
13.184 
10.582 

66.7 
85.9 
76.5 

'  .18 

1.2 

4-0 
2.23 

98.5 
91.6 

j  95-6 

4.410 

IZ.284 

36.7 

16. 1 

1  ^''^  i 

TENSILE  STRENGTH  OF  WIRE  OF  VARIOUS  METALS. 


M.  Baiidrimont,  in  1835,  tested  the  strength  of  annealed  metallic  \Wres 
at  various  temperatures,  from  32  F.  to  392"  F.^  The  wires  of  gold, 
platinum,  copper,  silver,  and  palladium  were  about  '  V^th  inch  in  diameter; 
the  iron  wireb  were  Vm5^^  ^"^^     diameter.    The  results  of  the  tests  are 

Table  Na  221. — ^Tenacity  of  Metallic  Wires  at 
Various  Temperatures.  1835. 


Mbtal. 

Dia. 
nwtcf 
of  wwe 
«t6t*F. 

Sectional 
Area. 

inch. 

sq.  inch. 

Gold  

.0162 

.000207 

Platinttin 

.oi6t 

.000205 

Copper ... 

.0177 

.000247 

1  Silver.. 

.0157 

.000193 

Palladium 

.0156 

.000192 

.0069 

•a»373 

Ultimate  Teanle  Strciiffth. 


At  3«'  F. 

lbs. 
5.61 
5-42 

6.70 
6.59 
10.  II 
10.02 
7.86 

7.78 
10.12 

9.98 
II.I2 

ia89 


At 
aia'F. 


lbs. 

4.64 

4.49 

5-94 
5.61 
8.80 

8.73 
6.74 

6.39 
9.00 
8.  So 
10.66 
10.16 


39« 


At 
•F. 


Teniile  Strength  per 
— ■-»  ioch. 


At3S*F. 


lbs. 

3.86 

3.80 

527 

7.92 
7.27 

5. 13 

5»Oi| 
7.99  ' 
7.41 
1 1, 

■'•is  J 


tons. 
12. 1 
II.7 
14.6 
14.4 

18.3 
18. 1 
18. 1 
18.0 

23- 5 

1332 
130-3 


At 
•ta*  F. 


tons. 
lO.O 

9-7 
13.0 
12.2 
16.0 

15.8 
15.6 
14.8 
20.9 
20.6 
127.6 
121. 7 


At 
39»'F. 


tons. 

\^ 
8.2 

"•5 

II. o 

14.4 

13. » 

II. 9 

11.8 
18.5 
17.2 

135-4 
«33-5 


Maximum 
Mintmimi 

-M  .IX  imam 

Minimum 

M.iximum 

Minimum 

Mnxinnim 

Minimum 

Mvcimum 

Minimum 

M.aximum 

Minimum 


^  AnndUs  de  Ckimiit  185a 
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arranged  in  table  No.  221,  and  it  is  shown  that,  ist,  the  tenacity  varies 
mth  the  temperature;  2d,  it  decreases  as  the  temperature  rises,  except  for 
iron;  3d,  that  iron  presents  a  pecuh'ar  case.  At  212°  F.  its  tenacity  is 
less  than  at  32  Jb.,  but  at  392^  ¥.  it  is  greater. 


T^ible  Na  222.— Tensile  Strength  or  Wire— Phosphor-Bronze, 

Copper,  Brass,  Steel,  and  Iron. 


(Reduced  from  Mr. 
kkkMy'*  ReportJ 

DsKxtpnoM  or  Was. 

Umnnwilfid.           J|                 AaamkA.  1 

1 

Ultmi.-»tc 
Tensile 
Straigrii. 

Dbapter. 

. 

intimate 
^TcBwle 

uw- 

mAte 
Exten- 
sion. 

Tottl. 

P»r 
tach. 

1 43-59 
7J.21 

56.28 

Per 

inch. 

Phosphor-Bronze— • 
Lowest  values  

Avesa^s  of  20 ) 

indL 

.0585  or  V17.1 
.0665  or  «/is 

.063  or 

Ibi. 

394 

inch. 

.1070  or  V9  3 
.1125  or  1/9 

.iio8<er>/9 

lU. 

< 

Sttf 

r 

,  loos. 

22.58 

39.0 

Iron,  galvanized,  BBC 
Do.      do.  BC£ 

.0640  or  V15.6 

.0605  or  «  5 
.0600  or  »/,6.7 
.0580  or  '/ij.a 

1 .0580  or  »/i7.« 

203 

233 
342 
170 

174 

28.18 

36.23 

54-07 
28.71 
29.40 

|.o640or  V1S.6 
•0605  or  V16.S 
.0600 or  V16.7 
.0580  or  »/x7.3 
.0580  or  «/i7.» 

119 
148 
211 
162 
122 

23.01 

3332 
27.36 

aoiot 

36.5 
10.9 

17. 1 
28io 

STRENGTH  OF  STONE,  BRICKS,  &c 
Table  No.  223. — ^Tensile  Strength  of  Stone,  Bricks,  and  Cement. 


DBSCRirTioM  or  MATntuL. 

Weight  per 
cube  foot. 

TJltimate  Ten- 
sile Strength 
per  sq.  inch. 

BiqteriimiitaUst. 

lbs. 

tons. 
.150 
.655 

.563 
471 
.322 
.746 

1.07 
1.29 

I.I4 
2.23 

lbs. 
71 

136  to  85 
21  to  51 

Buchanan 

n 
n 
n 

Hodglcinson 

Fair  bairn 

n 
n 
tf 

Rondelet 

V'icat 

n 

Do  

1  III 

Mortar  of  quartzose  sand  and  hydraulic  } 

Mortar  of  quart/ose  sand  and  ordin-  } 
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Table  No.  223. — (contintud). 


DncurTfON  op  Matskial. 


Adhesion  of  Plaster  of  Paris  to  brick 

or  stone — average  

Adhesion  of  bricks  cemented  with  Port- 
land cement,  1 2  months  old,  and  i 

cement  to  i  sand  

Gault-clay  bricks,  pressed;  in  air... 

Do.  do.  in  water 

Gault>clay  bricks,  wire  cut ;  in  air... 

Do.  do.  in  water 

Gault-clay  bricks,  perforated  ;  in  air.. 
Do  do.      in  water 

Stock  bricks,  in  air  

Do.        in  water  

Stafibrdshire  blue  brick,  pressed  / 

with  frog;  in  air  ) 

Do.  in  water  

Do.  rough,  without  frog;  in  air.... 
Do.  do.  do.        in  water 

Fareham  red  bricks ;  in  air  

Do.        do.      in  water  

Portland  cement : — 

Seven-day  tests  

Average  of  do.  per  bush.  115.2  lbs... 
Portland  cement,  123  lbs.  per  bushel, 

mixed  with  equal  weight  of  Thames 

sand :  — 

Age  in  water,  7  days  

Do.       I  month  

Do.       6  do.   

Do.      12  do  

Do.        2  years  

Do.       4  do  

Da      7  da   

Portland  cement,  112  lbs.  per  buahd, 
mixed  with  various  proportions  of 

sand ;  1 2  months  old : — 

3  sand,  I  cement  

5  do.    I  do  

7  da   I   do.  ...»  

Roman  cement— averages: — 

Age  in  water,  7  days  

Do.        \  month  

Do.       6  do  

Do.      12  do  

Do.       2  years  

Do.        4  do  

Do.       7  do.   


Wcif;ht  per 
cubic  fooL 


neat 

4S 

46 

68 

47 
108 

84 

78 
96 

74 

76 
48 
40 
136 
123 


90 


neat  cement. 
416 

547 
600 

583 
590 


Ultiiaate  Ten- 
iOeStKngth 
pcrtq.  inch. 


tbt. 

SO 

I  to  I 

44 

46 

43 

75 

63 
70 

56 

37 

47 
29 

63 

862  to  408 
358.5 

cement  &  lond 

'57 
201 

284 

319 
351 
363 
384 


241 
214 

163 

90 

115 
210 

286 

281 
315 


Rondelet 


Grant^ 

>i 
>» 
»} 
n 
n 
»» 
n 


» 
n 
n 

» 

n 
n 


n 
» 
$9 

M 

n 
n 
n 


n 
n 

n 
n 
It 
n 
» 
«» 


0/ iki  InHUmhrn  ofOanl  Eugmwrtt  vols.  nv.  and  xxxii 
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Table  No.  224. — Crushing  Strength  of  Stones  and  Bricks. 


Dncsiinoii  op  Matiual. 


Granite 

Aberdeen,  blue....  

Peterhead  

Cornish  

Dublin  

Wicklow.  

Newry  

Mount  Sorrel  • 

Whinstone,  Scotch  

Greenstone^  Irish  

Sandstones  and  Grits 

Arbroath  pavement  

Craiglcith  freestone  

Derby  grit,  friable  sandstone  

Yorkshire  paving  

Red  sandstone,  Runcorn  

Quartz  rock,  Holyhead,  across  lami-  ) 

nation  j 

Do.,  parallel  to  lamination  

Marble 

Statuary  

Italian,  white,  veined  

Irish  

Limestone : — 

Compact  

Purbeck  

Magnesian  

Anglesea  

Irish  

Chalk  

Slates : — 

Irish,  on  bed  of  strata  

Da  on  edge  of  strata  



Yellow-fiiced,  baked  r.  

Do,  burnt  

Gault-clay,  pressed  

Do.  wire-cut  

Do.  perforated....  

Stock   

Fareham  red  

Staffordshire  blue,  pressed  with  frogs 
Do.       rough,  without  firogs 

Stourbridge  fire-clay  ,  i,,„ 

Do.  do  

Tividale  blue  

Brickwork  in  cement,  not  hard  


Specific 
Gravity. 


3.625 
2.662 

2.675 


Tons  per 
square  UMch. 


2.452 
2.316 
2.507 


2.584 
2^ 

3.720 


4.87 

2.83 
4.66 
1.52 

5.86 

5-74 
3.70 

352 
2.61 

1.40 

a.55 
.97 

11.40 
6.35 

1.44 

4.32 
6.75  to  9uOO 

3-44 
4.00 
1.30 

3.38 
5.06  to  7.56 
.224 

10.60 
6.33 

.358 
.446 

.643 
I. Ill 

.884 
1.180 

1.044 

2.500 
3.100 

.766 
.670 
.620 

.232 


Expci 


Rennie 

n 

Wilkinson 

n 
»» 

Fairbaim 
Buchanan 
Wilkinson 

Buchanan 
Rennie 

»» 

L,  Clark 
MaUet 


Rennie 

» 

Wilkinson 


Rennie 

Fafrbaim 

L.  aark 

Wilkinson 
Rennie 

Wilkinson 
If 

Rennie 


Grant 

» 
n 

n 
if 
>i 

L.  Clark 
J.  R.  Walker 

E.  Clark 
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Table  No.  224  {continued). 


HvKMnmom  or  Matuui. 


Portland  cement,  3  months  old 

I  do.  to  1  sand, 
I  do.  to  5  sand, 

Portland  cement,  9  months  old  

I  do.  to  I  sand,  „   

I  do.  to  5  sand,  „   

Portland  cement,  concrete  blocks— 12 
inch  cubes  compressed,  1 2  months  old: — 

1  cement  to  i  sand  and  gravel... 
I     „     toi  „ 
I     „     to6  „ 

Mortar:— 

Lime  and  nver  sand.  .•.••••.«.. 

Do.        do.  beaten.  

Lime  and  pit  sand  

Do.        do.  beaten  

Glass  M  


Specific 
Gfaviqr. 


Tons  per 


1.70 
I. II 

•43 

2.67 
3.04 

.75 

Toual  Crushing 
Weight, 
tons. 
170.5 

US.5 
91.0 

per  tqiiarc  inch. 
.194 

.266 

.258 

•357 
12.31  to  14.23 


Grant 


M 

n 
ft 
n 


n 


Rondelet 


n 


Fairbaim 
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RIVET-jOINTS 

In  Iron  Plates. 

There  are  tvvo  elements  by  which  the  strength  of  rivetted  joints  is  deter- 
mined:— the  tensile  strength  of  tiie  perforated  plate,  and  the  grip  and 
shearing  strength  ot"  the  rivets. 

Strenof/i  of  Perforated  Iron  Plates. — The  usual  effect  of  perforation  by- 
punching,  is  a  weakening  of  the  metal  about  the  holes;  so  that  the  tensile 
strength  per  unit  of  section  between  the  holes  is  less  than  that  of  the 
unpierced  plate.  Yoriuhire  iron  (table  No.  192,  page  584)  loses  fifom.13 
to  17  per  cent  of  its  tensile  strength,  and  Knipp  iron  from  10  to  13  per 
cent.,  by  punching.  It  is  generally  assumed,  according  to  Mr.  Wilson, 
that  hard  plates  of  fair  quality  lose  from  20  to  24  per  cent,  of  their  tensile 
strength  by  punching  for  steam-joints,  but  that  many  soft  ])]ates  do  not 
lose  more  than  8  per  cent.  When  plates  are  drilled,  on  the  contrary,  it  is 
considered  that  the  tensile  strength  remains  unimpaired. 

But,  Mr.  J.  Cochrane  found  from  experiments  with  bar  iron  that  there 
was  no  loss  of  tensile  strength  by  punching  holes  in  the  bors.^  Low- 
moor  and  Stafibtdshire  bars  were  planed  down  to  a  nominal  thickneis  of 
j4  inch,  and  shaped  to  a  widtb  of  2  inches.  One4ndi  holes  were  made 
through  the  bars  m  three  ways: — ist,  by  drilling;  2d,  by  punching  )i  inch 
too  small  and  rimering  out  to  the  size;  and  3d,  by  punching  at  once  to 
the  iuU  size.  The  tensile  resistances  per  square  inch  were  as  follows : — 


FonnadoB  of  BMet.  LowBOor  Inm.       StaffMrdahire  Iron. 

Drilling   24.72  tons.       23.15  tons. 

Punching  and  rimering   25.51    „         23.15  „ 

Punching   24.53    „         33.69  „ 

No  doubt  the  holes  were  punched  with  a  wide  clearance  in  die  die — 
a  provision  which  very  much  facilitates  the  separation  of  the  metal,  eases 

the  punch,  and  eases  the  stress  on  the  metal. 

Strength  of  Rivetted  Joints. — Sir  William  Fairbaim,  in  i<S38,  deduced 
from  experiment  with  small  specimens  of  J4'"i"ch  iron  plate,  that  double- 
rivetted  lap-joints  were  stronger  than  single-rivetted  joints,  and  tliat  their 
tdative  values  were  as  fellows: — 

Tensile  strength  of  the  solid  plate,  as   1 00 

Do.  double-ri vetted  lap-joint,  as   70 

Do.  single-rivetted  lap-joint,  as   56 

»  Fmteimff  ofikt  iMMrim  9fCmU£mgmm9i  vsL  m,  1869-70^  p.  s65. 
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Mr.  Bertram's  Experiments. — At  Woolwich  Dockyard,  Mr.  W.  Bertram 
tested  various  plate-joints.  The  results  were  reported,  and  they  were  inves- 
ti^ited  by  the  author,  m  1860,^  in  connection  with  Mr.  Bertram's  method 
of  welding  joints — the  scarf-weld  and  lap-weld,  Figs.  224  and  aa5,  m  which 
tiie  lap  is      inches.  Staffordshire  plates  of  good  quali^  were  sdected  for 


1 

Fig.  tt3.— Ealire  pbM. 

Fig.  W14 ,  — Scirf-wdded  jotiu. 

1 

!• 

Fig.  M5.— Li9-i 

■ddad  Joint 

Fig.  as6b— Sini^Mvettcd  joint,  by  hand. 

1                         '  • 

:  • 

1 

k   1 

\ff  iMtfidt  iiwn  IicmII 

Bd.      Fig.  aiS.-8i«gl 

ic>nvciwa  joniif  vf  nuKnuc 

|# 
!  • 

•  a 

r«.si9.-Si.«l^««tMlJoii 

It,  irithcouaNnniiikbe 

■d. 

Fig.  t3».— Doubte^TCtted  joint,  — pAfdfd. 

• 

jo  G 

1 

* 

Fig.  ass.— DottblMivetted  joint,  coontmnnk  and       Fig.  93a.— DovUenvHtod  jmnt,  with  di«le  vdt, 
■nap  liradpn  countcwnnk  and  anap  lieadad. 


Boikr-Plate  Joints,  tested  by  Mr.  Bertram. 

the  trials:  of  three  thicknesses,  >^-inch,  7/,g.inch,  and  ^-inch;  and  made  up 
into  ten  varieties  of  specimens,  4  inches  broad  and  24  inches  long,  in  whidi 

the  rivet-joints  were  made  with  ^-inch  rivets  at  a  pitch  of  2  inches.  Three 
specimens  of  each  variety  of  jomt,  for  each  thickness  of  plate,  were  tested, 
and  the  results  averaged  for  each  set  of  three  specimens.  These  joints  are 
illustrated  and  described  at  Figs.  223  to  232.    The  net  sectional  area  of 

^Recent  Practicf  it:  the  IjKomotk't  F.nginf,  1858-59;  also  Raihray  Lwomotwa^  i860, 
by  D.  K.  Clark.   Blackie  &  Son.   See  tkese  works  for  an  ext^ed  notice  of  plate-jointa. 
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plate,  in  the  line  of  the  rivets,  was  62.5  per  cent,  of  the  solid  section.  The 
sectional  area  of  a  ^-inch  rivet  is  .4417  square  inch,  giving  for  two  rivets 
a  shearing  section  of  .8834  square  inch. 

Net  Sectionai        Shearing  Section 
Aiok  oTlGvet*. 

fi-inch  plate,     .94  sq.  ins.    .8834  sq.  in.,  or  94  per  cent  of  net  section. 
Vt«     »         »  <>94  n        8834    „     or  80.8 
}4     99        ».«5    99       .8834    „    or  70.7 

»>  99 

The  fractures  took  place,  in  nearly  all  cases,  in  one  of  the  plates,  in  the 
line  of  the  rivet-holes;  but,  in  a  few  cases,  die  rivets  were  shorn  across. 
The  normal  strength  for  the  solid  plates  was  neaiiy  unifonn,  and  averaged, 
for  an  thicknesses,  so  tons  per  square  inch. 

Table  No.  225. — Ultimate  Tensile  Strength  of  Welded  and 
RivLTTED  Joints  of  Boiler-Plate. 


Tensile  strength  of  the  entire  plate,  20  tons  per  square  inch. 
(Reduced,  in  i860b  from  Mr.  Bertnun't  experiments.) 


Description  of  Joint. 

Form 
of 

f  nin. 

JOUK. 

Met  UkimAte  Tensile  Strength  of  Joint; 
that  of  the  entire  plat^ioo. 

Ji-bch 
Plata. 

7/ifr-inch 

Plata. 

Average 
^for  threa^ 

Fig.  223 
Fig.  224 
Fig.  225 

per  cent. 
100 

faulty 

50 

per  cent. 
100 
106 

69 

per  cent. 
100 
102 

66 

per  cent. 
ICQ 
104 
63 

4.  Single  -  rivetted  joint, ) 

5.  Single-rivetted  joint,  by  1 

auid,  snap-hcadcd..  \ 

6.  Single  -  rivetted  joint, 

7.  Single* rivetted  joint,' 

with     countersunk  - 

Fig.  226 
Fig.  227 
Fig.  328 

Fig.  229 

40 
50 

44 

50 
52 

54 

50 

60 
56  . 
5a 

5« 

50 

53 
49 

49 

8.  Donble^etted  joint, ) 
snap-headed  \ 

9^  Double-rivetted  joint,) 
countersunk      and  > 

la  Double-rivetted  joint, ) 

with    single    welt,  ( 
countersunk      and  L 

Fig.  230 
Fig.  231 

Fig.  232 

59 
53 

52 

70 
72 

60 

72 

69 

65 

67 
65 

59 

From  these  data,  it  appears  that  the  scarf-welded  joint  is  as  strong  as 
the  entire  plate,  and  that  the  strength  of  the  lap-welded  joint  averages  only 
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five-eighths,  or  62  per  cenL  of  that  of  the  entire  plate.  I'he  varieties  of 
siogle-rivetted  jomts  avenge  nearly  equally  strong  foe  each  vaziety ;  andtii^ 
have  only  half  the  strength  of  the  entire  plate,  eicepting  the  anap-haided» 
n^ch  has  rather  more  than  half  the  strength.  Of  the  double-rivetted 
joints  the  ordinary  lap  is  the  strongest,  having  two-thirds  of  the  entire 
strength;  the  welt-joint  is  weakest. 

Comparing  the  different  thicknesses  of  plate,  the  averages  of  all  the 
lap-joints,  at  the  foot  of  the  table,  show  that  the  ^lij-inch  is  the  strongest, 
that  the  7/,^-inch  is  nearly  as  strong,  and  that  they  are  about  one-fourth 
stronger  than  ^-inch  lap-joints,  relatively  to  the  thickness  of  plate. 

Leaving  the  averages,  the  drift  of  the  evidence  is,  that  die  dmmer  the 
plate  the  more  efficient  the  joint  The  ringle^ivetted  joints,  No.  4,  have 
successively  40,  50,  and  60  per  cent  of  the  strength  of  tiie  entire  plates, 
and  the  double-rivetted  joints,  59,  70,  and  72  per  cent;  insomuch  that  the 
^-inch  single-ri vetted  joint  is  absolutely  stronger  than  the  thicker  joints — 
the  actual  breaking  weights  beinti:  successively  16,  17 '  j.  and  18  tons  for  the 
^-inch,  7/,f,-inch,  and  ^-inch  joints.  For  the  double-rivetted  joints,  the 
actual  breaking  weights  are  about  23.5,  24.5,  and  21.5  tons;  showing  that 
the  7/16-joint  is  absolutely  stronger  than  the  ^-inch,  and  that  the  f^-inch 
joint  has  only  one-twelfth  less  absolute  strength  than  the  ^-inch  joint 
The  double-rivetted  weh-joint,  similarly,  is  more  efficient  for  the  thinner 
plates,  and  its  absolute  strength  is  practically  the  same  for  them  alL 

It  appears,  then,  that  ^-inch  rivetted  plates  are  practically  stronger 
than  7/,,-inch  and  J/^-inch  rivetted  plates;  and  that,  of  the  f^-inch  joints, 
the  order  of  strength  is  as  follows: — 


These  projiortions  do  not  difter.  widely  from  those  that  were  given  by  Sir 
William  Fairbairn. 

It  appears  that  countersunk  rivetting  does  not  impair  the  strength  of  the 
joint,  as  compared  with  external  heads. 

To  bring  out  the  comparative  wealmess  of  the  joints  of  the  thicker  pUles, 
the  fourth  line  of  the  following  tablet,  which  is  obtained  by  dividing  the 
third  by  the  second  line,  shows  that  the  tensile  strength  per  square  inch  of 

net  section  of  the  -^  H-inch  single  rivetted  joint,  was  nearly  nine-tenths  of 
that  of  the  entire  plate;  whilst  that  of  the  7/,g-inch  joint  was  just  over  eight- 
tenths;  and  of  the  ^-inch  joint,  seven-tenths. 


Entire  plate,  ^-inch  thick 


Tensile  Strength. 


xoo 


Double-rivetted  lap-joint,  average 

Double-rivetted  single  welt-joint . 
Single4tivetted  lap-joint,  avenge.. 


7t 

55 


Net  section,   63.5  % 

Net  tensile  strength,  av.,...  43.5  „ 
Do.  per  Sijuare  inch  of  \ 


51-5  »i    55  » 


62.5  %  of  tiiat  of  entire  plate. 


net  section,  in  parts  of  >    70  „ 


82 


If 


88 


tf 


Net  tensile  strength  of  \ 
lap-welded  joint,  | 


69 


66 


of  that  of  entire  plate. 
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The  lap-weld  joint  is  strikingly  weaker  than  the  body  of  the  plate, 
though  there  is  no  reduction  of  section.  The  weakness  arises  torn  the 
indirectness  of  the  lap,  for  the  joint,  though  solid,  is  not  straight  The 
experiment  proves  that  the  lap  is  essentially  an  element  of  weakness,  irre- 
spective  of  die  loss  of  strength  by  rivet-holes:  the  thicker  the  plate,  the 
greater  is  the  distorting  leverage,  insomuch  that  the  absolute  strength  of 
the  }^-mch  lap-welded  joint  was  not  greater  than  that  of  the  3^-inch  joint. 
The  annexed  Figs.  233  and  234,  show  the  ultimate  distortion  by  the 
oblique  stress  on  lap-joints. 


Scales  One-half. 


3 


Figs.  033, 934.— mtinate  cflbds  of  Obfiiiue  Stnm  on  Lap-Jointi. 


On  the  principle  here  noticed,  one  may  account  for  the  jiractically  equal 
strength  of  the  joints  made  with  countersunk  rivets,  compared  with  those 
having  external  rivet-heads,  notwithstanding  the  greater  reduction  of  sohd 
section  by  counteisinking: — the  leverage  is  shortened,  and  it  may  be 
measuied  from  the  oentie  oC  the  eylmdncal  put  of  the  rivet  in  the  line  sa, 
Fip.  235,  or  thereabouts,  towards  the  inner  nde  of  the  plate.  On  the  same 
pnndple,  the  conical  form  of  punched  holes  reduces  the  levenige  and  the 
oUiqui^  of  the  pulling  stresA.^ 


 d 

1 

1 

Vlfft  tygt-'DiMgnnk  to  Auw  Stma  on  Coonccnunk  Rivcti. 

As  the  double-ri vetted  joints,  No.  8  of  the  series,  exhibited  respectively 
59,  70,  and  72  i)er  cent,  of  the  tensile  strength  of  the  entire  plate,  it 
appears  that  its  resistance  per  square  inch  of  net  section,  was  94,  112,  and 
115  per  cent  of  that  of  the  entire  plate.  There  is  an  apparent  anomaly 
here: — it  may  be  supposed  that  the  normal  strength  of  the  particular  plates 
exceeded  20  tons  per  square  inch,  aided,  perhaps,  by  Uie  firictional  grip 
of  rivets,  first  pointed  out  by  Mr.  Edwin  Clark  (see  page  570). 

Afr./,  G,  IVrigJU's  Es^mments.^ — Mr.  Wright  gives  the  staigth  of  two 

*  The  author  believes  he  was  the  first  to  publish  the  rationale  of  the  streii^'th  and  the 
weakness  of  rivetted  joints,  as  the  cause  of  tne  grooving  of  plates  at  such  joints. 

"  Discussion  upon  Mr.  \V.  R.  Browne's  paper,  "On  the  Strength  and  Proportions  of 
Rivetted  JointSi"  in  the  Frouedings  of  the  Imtiiution  of  Maluuncal  Engineers,  1872. 
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spedmens  of  single-rivetted  square  lapidnis,  and  two  of  diagonal  joints, 

at  angle  of  45"*,  which  were  tested  by  Mr.  Kirkaldy.  They  were  made  with 
l^-inch  Staffordshire  plate,  exactly  .38  inch  thick,  12  inches  wide,  with 
2^-inch  lap,  punched  holes,  and  six  {-J-inch  rivets  in  the  square  joint,  at 
2  inches  pitch.  The  diagonal  joint  was  made  with  eight  rivets  of  the  same 
size  and  pitch.  The  ultimate  tensile  strength  of  the  solid  plate  was  19.69 
tons  per  square  inch  with  the  fibre,  and  16.80  tons  across.  The  section 
of  the  entire  plate  was  (la  x  .38  =  )  4.56  square  inches,  and  the  total  ulti- 
mate strength  with  fibre  was  (4.56  x  19.69  = )  89.8  tons. 

Ultioiate  Tensile  Strength. 

Entire  plate   89.8  tons. 

Square  joint   43.0         or  48  per  cent. 

Diagonal  joint   58.0  ,  „    or  64  „ 

Square  Joint  Diagonal  Joint. 

Net  sectional  area,   59.4  per  cent   91.7  per  cent  of  entire  plate. 
Net  tensile  strength,  48.0     „        64.0     „  „ 


Do.  per  square  inch 
<^  net  section,  in 
parts  of  that  of 
entire  section... 


^1-2         „  70-5  >l 


The  diagonal  joint  was  one-third  stronger  than  the  square  joint;  although, 
per  square  inch  of  net  section,  it  opposed  less  resistance,  because  its  resist- 
ance, which  was  necessarily  exerted  in  an  oblique  direction,  was  a  resultant 
compound  of  shearing  resistance  with  the  lengthwise  resistance  of  the  platea. 

The  net  sectional  area  of  the  square  joint  was  3.71  square  inches;  and 
the  shearing  section  of  the  rivets,  3.11  square  inches,  or  115  per  cent  of 
the  net  section. 

Mr.  L.  E.  Fldcher^s  Experiments. — In  these  experiments,  to  be  after- 
wards noticed,  a  double-rivetted  lap-joint,  made  with  punched  holes, 
zigzag,  of  7/,g-inch  Staffordshire  plate,  in  a  7-feet  Lancashire  boiler, 
was  burst  with  a  force  of  20.01  tons  per  square  inch  of  net  section 
between  the  rivets  in  line,  the  fimcture  taking  place  in  the  plate.  With 
so  high  a  tensile  resistance,  it  is  probable  that  the  str^gth  of  the 
plate  was  very  little,  if  at  all,  impaired  by  punching.  The  rivets  were 
placed  at  8.44  inches  pitch  in  line,  and  had  an  average  diameter  of  '3 
mch.  The  ultimate  strength  of  the  joint  may  be  taken  as  two-thirds  of 
that  of  the  solid  plate — being  in  the  ratio  of  the  net  sectional  area  to  the 
section  of  the  entire  plate. 

Messrs.  John  Elder  dr*  Co.^s  Experiments. — A  double-rivetted  lap-joint  of 
^-inch  iron  plate  failed  with  a  force  of  15.06  tons  per  square  inch  of  the 
net  section  between  the  rivets,  the  strength  of  the  solid  plate  being  20.5 
tons;  also,  a  similiar  joint  of  9/,^ch  plate  failed  with  a  force  of  14.28  tons 
per  square  inch  of  net  section,  whilst  the  strength  of  the  solid  plate  was  20.2 
tons,  if  ere,  it  was  found  that  the  net  tensile  resistance  pf  the  plates  between 
the  holes  was  less  by  one-fourth  than  the  direct  strength: — confirmatory  of  the 
deductionson  the  comparative  weakness  of  thcrivet-jointsof  the  thicker  plates. 

^fr.  Bruners  Experiments. —^li.  Brunei  made  experiments  on  double- 
rivetted  double-welted  plate-joints,  of  which  the  author  published  an 
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analysis  in  1858-59.^  The  mdmens  were  of  ^-inch  best  Staffordshiie 
plates,  20  inches  wide,  butt-jointed,  wi^  a  covering  or  fishing  ptote  on  each 
side,  10  inches  deep,  put  to- 
gether  with  punched  holes 
and  rivets,  as  in  Figs.  236-238, 
showing  chain  rivetting  and 
zigzag  rivetting.  See  tablet, 
p.  640. 

The  I  St  specimen  failed 
with  153  tons,  shearing  xo 
rivets;  and  the  2d  specimen 
foiled  with  164  tons,  breaking 
a  plate  through  the  rivets; 
mean  strength,  158.5  tons,  = 
1 5.85  tons  per  square  inch  of 
the  entire  section.   Fig.  236. 

The  3d  and  4th  specimens 
failed  with  167  and  147  tons 
respectively,  through  a  line 
of  nvet-holes;  mean  strength, 
157  tons,  =  15.7  tons  per 
square  inch  of  the  entire  sec- 
tion.   Fig.  236. 

The  5th,  6th,  7th,  and  8th 
specimens  broke  with  158, 
160,  161,  and  168  tons  re- 
spectively; mean  strength,  162 
tons,»  16.2  tons  per  square 
inch  of  the  entire  section. 
The  ftactares  took  place  in 
the  plates,  following,  in  one 
case,  the  zigzag  course  of 
the  rivets.  In  two  cases,  the 
rivets  partly  failed.   Fig.  237. 

The  9th  and  loth  speci- 
mens broke  through  the  plate 
with  171  and  176  tons  te- 
spectivdy;  mean  strength, 
173X  tons,  =  17.35  tons  per 
square  inch.   Fig.  238. 

Five  solid  ^-inch  plates, 
from  1 2  to  1 6  inches  in  width, 
of  the  same  quality  as  the  speci- 
mens, were  broken  by  from 
1 9 . 4  to  2  2  tons  per  square  inch ; 
mean  strength,  20.6  tons. 


-29- 


) 


) 

) 


Figs.  236-438.— Rivetted  Plate-Joints.   Tested  hy  Mr.  BruneL 


The  third  line  following  the  tablet,  p.  640,  shows  that  the  strength  of  the 
plate  per  square  inch  was  impaired  by  from  i  to  7  per  cent,  by  punching. 
The  average  efficien<7,  or  actual  strength,  of  the  double-welt  double- 

>  J^iemt  JVadke  m  tke  Locomotive  Engine,  1858-59;  also  Ruiiwe^  Loeometwes,  1860^ 
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rivetted  joint  may  be  taken  as  80  per  cent  aC  that  of  the  enthe  plate,  when 
tbenetsectmalmaisSs}^  percent 


Bbvmbl's  Sscfnt- 

MSNTS. 

Sracnum. 

Rivets, 

dia- 
meter. 

Pitch, 
trans 
versely. 

Soctwatl  Am  of  Fklos. 

ToalSheaiiag  Scctkm 
of  Rivets. 

1 

fiatire. 

Not,  tnotvonety. 

Not. 

I  and  a,  Fig.  236, 

3  and  4,  Fig.  236, 
5  to  8,  Fig.  237,.. 
9andio,Fig.  238, 

inch. 

)i 

inches. 

4 

4 

4 
5 

tq.  in. 
10 
10 
10 
10 

sq.  iach. 
8.28 
8.125 
8.125 

8.5 

percent. 
82.8 
81.25 
81.25 

85 

square  indiet. 

7.4a,  or  90  %  of  netsect 

8.84,  or  1 10  „ 
8.84,  or  110  ,1 
ia6i»<iri25  „  „ 

Chain.  Ch.ain  Zigzag.  Chain. 

17os.  I  and  3.    Nos.  3  uad  4.    Nos.  5  to  S.    No«i^.  9  oiid  so. 

Net  sectional  area,   82.8%     81.25%  85%       S5  % 

Net  tensile  strength   77           76  78.6  84 

Strength  per  square  inch  of  | 

net  section,  in  turns  of  V  93          93.5  92.5  99 

that  of  entire  section  j 

Mr.  R.  B.  Longridge  reported  the  results  of  tests  for  the  strength  of 
rivetted  joints  in  iron  bailer  plates,  made  for  him  by  Ifr.  Riikakly. 


RIVET-JOINTS  IN  STEEL  PLATES. 

The  results  of  experiments  on  the  strength  of  rivet-joints  in  steel  plates, 
conducted  by  Messrs.  David  Greig  and  Max  Eyth,  Professor  A.  B.  W. 
Kennedy,  and  Mr.  C.  H.  Moberley,  have,  with  those  on  rivet-joints  in  iron, 
been  exhaustively  analysed  in  the  Strength  of  Materials^  in  preparation  by 
the  author;  and  noticed  in  summary  in  his  work  on  the  Sieam  Engine 

The  condusions  arrived  at  on  the  proportions  and  strength  of  rivetted 
joints  in  boiler  plates  of  iron  and  of  sted,  flinch  thick,  are  collected  in 
the  table  No.  227.  The  relations  of  thickness  of  plate,  diameter  of  rivets^ 
and  pitch  of  rivets,  here  shown  for  -^^i-inch  plate-joints,  are  applicable  to 
other  thicknesses  of  plates,  and  are  ^generalized  as  follows.  The  "sjiacing" 
denotes  the  distance  apart  of  the  two  rows  of  rivets  in  double-rivetting. 

Table  Na  226. — Standard  Proportions  or  Rivetted  Joints  in 

Iron  and  ^eel. 

Thickness  of  plates  unity  or  i 

Diameter  of  rivets  thickness  of  ])late.  x  2 

Pitch  of  Rveis  («iiigle«retting)....  ■[  ^  f  "''•'^^  " 

\    o—  Of      j  tiiameter  of  nvets.  x  22/3 

ritch  of  riveu  (double-rivetti^g)...  \  ^  \ 

Diagonal  pitch  (dcble-rivetting)..  {  Ser  o'f  ft  I  3^ 

Spacing  1(doubie-rivettiDg)  longitudinal  pitch,  x  .56,or*/i« 

Up  (single-rivetting)  \  ^^''^^'■^  <>/         »  « 

^    °  (  diameter  of  nvets,  x  3 

Lup  (donblfriivetting)   thickness  of  plate,  x  ,0.48,  or  1034 

^  ^  ^'  I  diameter  of  rivets,  x  5.24,  or  5)^ 
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On  these  proportions,  the  diameter  and  pitch  of  rivets  suitable  for  plates 
of  from  inch  to  "/16  inch  in  thickness,  are  as  given  in  the  following 
table,  No.  22'ja.  The  calculation  is  not  extended  for  thicknesses  greater  than 
"/16  inch,  for  which  the  corresponding  rivet  has  a  diameter  of  i  f g  inches, 
as  this  size  of  rivet  is  assumcii  to  be  the  maximum  properly  available  in 
practical  operations. 

Table  No.  22-ja. — Standard  Rivetted  Joints  of  Maximum  Strbngtb, 
IN  Iron  and  St££l  Plates,  of  various  thicknesses. 

(Net  section  for  single-rivetmg;,  62.5  per  cent  of  whole  pkte-sectums  for  doiible>rivetiiiC» 

75  peroent) 


Thickness 

Diameter 

of 

o( 

PUte. 

RlVQtl. 

inch. 

inches. 

>i 

X 

H 

H 

H 

V.6 

H 

>i 

I 

1% 

H 

iX 

Pitch  of  Rivbts. 


Single 
Rivet  ting 


bches. 
V3 

I 

IV, 

2 

3 

37, 

iV, 


Double  Rivettiag. 


Longi- 
tudinaL 


inches. 
I 

3 

u 

5 


inches. 


Lap. 


Single  I  Double 
Rivcttiof.  I  Rtvetttoc- 


inches. 


27/ 

n 


2 

2X 
2)4 
2%i 


inches. 

inches. 

H 

2 

iM 

2H 

3X 

2% 

4H 

3 

5X 

5^ 

7X 

Other  proportions  than  those  given  in  table  No.  227^  may,  of  course,  be 
adopted;  and,  in  fact,  must  be  adopted  for  plates  of  greater  thickness  than 
"/16  inch.  By  means  of  the  following  general  formulas  the  pitches  of  rivets, 
and  their  diameters,  producing  joints  of  equal  resistance,  may  be  found 
for  plates  thicker  than  "/16  inch. 

J^UcA  of  Rivets  far  EqiuU  Resistmiti^ 
.7854 


P 


-i^s/^i^'Si)  "1.57 


thickness  of  plates,  in  inches, 
diameter  of  rivets,  in  inches. 
/= pitch  of  rivets,  in  inches. 

ra^iatio  of  shearing  section  of  riveU  to  net  section  of  pla^ 
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STRENGTH  OF  PILLARS  OR  COLUMNS. 

Mr.  Stoney  lucidly  develops  the  leading  principles  of  the  resistance  of 
columns  supporting  incumbent  loads,^  which  are,  no  doubt,  strictly  appli- 
cable to  columns  of  perfectly  homogeneous  material    He  shows  that  the 

strength  of  very  long  square  or  round  pillars  varies  directly  as  the  4th 
power  of  the  diameter,  and  inversely  as  the  square  of  the  lenLrth ;  that  it 
depends  not  on  the  direct  strength  of  the  material,  but  on  the  cocffirient 
of  elasticity,  which  represents  the  stiffness  and  capabiHty  of  resisting 
flexure ;  that  the  strengths  of  similar  long  columns  are  as  the  squares  of  any 
linear  dimension,  or  as  the  sectional  areas,  whilst  their  weights  are  as  the 
cubes  of  the  dimension;  and  that,  if  the  strengths  of  long  pillars  of  similar 
section  are  the  same,  while  the  length  varies,  the  sectional  areas  var}'  as  the 
lengths,  and  the  weights  vary  as  the  squares  of  the  lengths.  Finally,  that 
the  weight  which  produces  moderate  flexure  in  a  very  long  pillar  is  also 
ver)'  near  the  breaking  weight,  as  a  trifling  additional  load  bends  the  pillar 
very  much  more,  and  strains  the  fibres  beyond  what  they  can  bear — a 
conclusion  of  great  practical  importance,  which  has  been  corroborated  by 
experience. 

Mr.  Hodgkinson's  Investigations. 

The  following  is  an  abstract  of  Mr.  Hodgkinson's  conclusions  on  the 
resistance  of  cast-iron  columns,  under  loads.  The  mode  of  fracture  of  cast- 
iron  struts  or  columns  under  compression,  is  the  same  when  the  height  is 
greater  than  the  diameter  <d  the  specimen,  and  not  greater  than  four  or 
five  times  the  diameter.  When  the  height  is  greater,  the  specimen  bends. 
Fracture  usually  takes  place  by  the  two  ends  of  the  specimen  forming  cones 
or  pyramids,  splitting  the  sides,  and  throwing  them  out.  Sometimes  the  end 
slides  off  as  a  wedge,  the  height  of  which  is  somewhat  less  than  1.5 
diameters.  The  tensile  and  compressive  resistances  average  as  i  to  6.6  ;  or, 
as  the  specimens  were  of  unequal  quality,  the  ratio  should  be  i  to  7  or  8, 
giving  49  tons  per  square  inch  for  the  tiltmiaCe  compressive  resistance. 

Z^MjS'  Co/umfis, — Experiments  were  made  on  castings  of  Lowmoor  No.  3 
iron.  Of  three  cylindrical  columns  having  the  same  diameter  and  length, 
the  first  had  the  ends  rounded;  the  second,  one  flat  end  and  one  round 
end;  the  third,  both  ends  flat.    The  strengths  were  as  i,  2,  3  nearly. 

A  long  flat-end  column  has  the  same  strength  as  a  round-end  pillar  of 
half  the  length.  The  same  properties  apply  to  pillars  of  steel,  wrought-iron, 
and  wood.  Swelling  a  pillar  at  the  middle  adds  not  more  than  one-seventh 
to  the  strength.  The  power  of  resistance  is  as  the  3.6  power  of  the  dia- 
meter, and  as  the  1.7  power  of  the  length. 

Tliese  remarks  apply  to  all  pillars  not  less  than  30  diameters  in  len^h, 
up  to  120  diameters;  and  the  following  axe  the  formtilas  for  the  breaung 
load  of  flatrended  coliunns:— 

Solid  columns,    W  =  44  — -   (  4  ) 

Hollow  cohunns,W  =  44    (  5  ) 

in  which  D  is  the  external  diameter  in  inches,  d  the  internal  diameter  in 
inches,  L  the  length  iikfeet,  W  the  breaking  Uxlid  in  tons. 
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Short  Fh'xible  Columns. — The  resistance  is  compounded  of  comjiressive 
resistance  and  transverse  resistance.    Let  W  =  the  breaking  load,  and  c  ~ 
the  direct  compressive  resBtanoe  of  the  colitmn  (say  49  tons  x  sectional 
area  in  square  inches),  then,  having  first  calcolated  the  breaking  weight  W 
by  the  above  formula,  ( 4 )  or  ( 5  ),  the  strength  is  fbnnd  by  the  fornrala. 

This  formula  is  infiened  firom  the  nature  of  the  compound  stnin;  die  results 
given  by  it  are  nearly  oorrect,  bot  mther  excessive. 

The  strength  of  long  similar  colnmns  is  nearly  as  the  sectioiial  area»  or 
nearly  as  the  square  of  the  diameter;  it  is  as  the  1.865  power. 

The  strength  of  taper  columns  is  to  that  of  cylindrical  columns  as 
D'  l)'-"  to  I)\  the  extreme  diameters  of  the  taper  column  being  D  and  D'. 
If  the  two  columns  be  of  the  same  length  and  solid  content,  the  cylindrical 
one  is  the  stronger. 

I'he  strength  of  a  column  of  a  double-flanged  section  is  only  three-fourths 
of  that  of  a  uniform  hollow  qtoder  of  equal  weight;  and  that  of  a  cdlomn 
of  cruciform  section  is  less  than  half. 

The  strength  of  a  solid  square  cast-iron  column  is  50  per  cent  more  than 
that  of  a  round  column  of  the  same  diameter. 

A  column  irregularly  fixed,  so  that  the  pressure  is  taken  diagonally,  has 
only  a  third  of  the  strength  when  squarely  fixed. 

Cast-iron  jiillars,  with  discs  on  the  ends,  are  somewhat  stronger  than 
tiiose  with  simply  flat  ends. 

Solid  square  cast-iron  pillars  bend  or  break  m  the  direction  of  a  diagonal 

A  slight  inequality  in  the  thickness  of  hollow  cast-iron  pillars  does  not 
reduce  the  strength  matenally. 

Square  is  the  strongest  section  for  timber  rectangular  in  form. 

COMFAlATtVB  STRBKmH  OF  LOHO  COLUimS. 

Cast  iron   rooo 

Wrooglitiron   1745 

Cast  steel   25r8 

Dantzic  01^   109 

Red  deal   78.5 

•    3.6  POWBBS  OP  DiAMETBKS. 


Diameter. 

Power. 

Diameter. 

Power. 

Diameter. 

Power.  ' 

!  Diameter. 

Power. 

I 

I 

52.196 

6 

632.91 

lO 

3981.07 

W7 

7 

1 102.4 

11 

56ia7 

3 

12.125 

4 

147.03 

8 

1782.9 

7674.5 

27.076 

5 

328.32 

9 

2724.4 

1.7  PowKRs  OP  Lengths. 


1 

I 

7 

27.33 

2 

3-25 

8 

34.29 

3 

6.47 

9 

41.9 

4 

10.55 

10 

50.12 

1 

»5-42  . 
21.03 

1 1 

13 

13 

78.^ 

21 

1 76.92 

14 

88.8 

aa 

19148 

15 

99.85 

34 

•  322.0 

16 

111.43 

26 

254-3 

18 

1^^ 

a8. . 

,288.5.. 

20 
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Mr.  F.  W.  Shields  gives  the  safe  load  on  hollow  cast-iron  columns  of 
good  construction,  with  flat  ends,  and  with  base  plates.^ 


Thick  NKSS. 

Load  per  square  ioch  of  Sectional  Area. 

Lmgdi  ao  to  a4  DittMttn. 

>S  to  90  Dianclm. 

inches. 

^  and  upwards, 

2 

Hi 

I 

The  reduction  of  the  load  per  square  inch  with  the  thickness,  is  devised  to 
allow  for  liability  to  weakness  from  inequalities  of  the  casting. 

Mr.  Gordon's  Rules. 

The  first  and  second  formulas  were  deduced  by  Mr.  Lewis  D.  B.  Gordon 
from  the  results  of  Mr.  Hudgkinson's  experiments. 

As  here  given,  they  show  the  total  breaking  weight  of  a  cast-iron  column  with 
flat  ends.  The  succeeding  fonmilas  for  the  straigth  of  columns  of  wrought- 
iron  and  steel  have  been  constmcted  on  the  basis  of  Mr.  Gordon's  fonmdas. 

1.  J*ifr  solid  or  hoUow  round  cast-iron  columns: — 

W=-36«^    (  7  ) 

2.  Far  solid  or  hollow  rectangular  cast-iron  columns: — 

W  =  -i^   (  8  ) 

500 

3.  Fifr  soSd  redangular  wrought^ron  cohmns  (Mr,  Stoney ): — 

W=-ilf-   (9  ) 

I+— - 
3000 


4.  Foradumns  ofcuigU,  ta,  channel,  err  eruHform  iron  (Mr,  Unwin),*^ 

a 


W  =  -^T    (  10  ) 


1  + 

900 

5.  Solid  round  columns,  of  mild  sled  (Mr.  Baker): — 

W—  (11) 

1400 

^  Transactunu  of  the  British  Association^  1861. 
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6b  SffSd  rmmi  columns^  strong  skd  (Mr.  Baker): — 

W  =  -^   (") 

1  +  — 

900 

7.  Solid  rectangular  columns,  mild  steel  (Mr,  Baker): — 

W—   (  13  > 

2480 

8.  Sa^  rectatigular  dp/umm,  strong  steel  (Mr,  Baker): — 

w=-51^  (  14) 

1600 

Wsthe  breaking  weight  in  tons. 

a  s  the  section^  area  of  the  material  in  inches. 

rothe  ratio  of  the  length  to  the  diameter.  The  diameter  for  calculation 
is  the  least  diameter  of  the  section,  or  that  in  the  direction  of  which 
the  piece  is  most  flexible. 

Mr.  Hodgktnson's  Rules  for  Timber  Columns. 

When  both  ends  are  ilat  and  well-bedded,  and  the  length  exceeds  30 
diameters: — 

Long  square  cohtnms  ef  Dantue  oak  ( dry ): — 

W=ia95-p-   (  «5  ) 

Long  square  columns  of  red  deal  (dry): — 

W  =  7.8o^   <  16  ) 

Long  square  columns  of  French  oak  (dry): — 

W  =  6.9oJ^   (  17  ) 

W  s  the  breaking  weight  in  tons, 
i/sthe  breadth  in  inches. 
/«the  length  in  feet 

When  timber  columns  are  less  dian  30  diameters  in  length,  their  strength 
is  calculated  by  formula  ( 6 ),  page  644,  for  which  the  value  of  W  is  to  be 
calculated  by  one  of  the  above  formulas. 

When  the  column  is  oblong  in  section,  multiply  the  result  as  found  for 
the  shorter  dimension  of  the  section  by  the  ratio  of  the  longer  to  the  shorter 
dimension. 

Mr.  Brereton's  Experiments  on  Timber  Piles. 

Mr.  R.  P.  lirereton  gives  the  loads  that  could  be  borne,  as  found  from 
experiments,  by  large  fir  or  pine  timber  12  inches  square,  of  various  lengths: 
10  feet  long  bore  120  tons;  20  feet  long,  115  tons;  30  feet  long,  90  tons: 
40  feet  long,  80  tons.  Mr.  Stoney  plotted  these  results,  and  constructed 
the  following  table  firom  the  curve: — 
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10 

15 

20 

25 

30 

35 

40 

45 

50 

Weight  that  can  be  borne  in  tons  per  | 

118 

"5 

100 

90 

84 

80 

77 

75 

Checking  this  table  by  Mr.  Kirkald/s  experiments  (page  547)  on  balks 
of        and  Dantdc  timber,  having  a  length  of  30  feet,  which  was 
times  the  width,  the  actual  breaking  weights  were — 


TottO.       FoTiquaieiboiorSoetioa.     By  Mr.  StoM/s  Curv*. 

Riga   148  tons,       or  126  tons,    116  tons. 

Dimtzic   138   „         or  in   „    116  „ 


Mean   119   „    116  „ 

showing  a  close  correspondence  between  the  results  of  experiments  con- 
ducted independently.  Mr.  Hodgkinson's  rule  gives  results  which  are 
rather  less  than  those  that  are  given  in  Mr.  Stoney's  table. 

Mr.  Laslett's  Experimsnts  on  Columns  of  Wood. 

A  notice  of  Mr.  Ladetfs  experiments  is  given  at  page  541.  He  deduces 
from  his  experiments,  repeated  for  many  kinds  of  wood:  that  the  maximum 
resistance  of  square  pieces  to  compression  is  exerted  when  the  sectional 
area  in  square  inches  is  to  the  length  in  inches  approximately  as  4  to  5, 

for  equal  seasoning  and  equal  specific  gravities.  According  to  this  deduc- 
tion, the  maximum  resistance  of  12-inch  square  balks  on  end,  would  be 
exerted  when  they  are  15  feet  in  length. 


CAST-IRON  FLANGED  BEAMS. 

Mr.  Hodgkinson  tested,  for  transverse  strength  and  deflection,  a  number 
of  cast-iron  model  beams  of  various  proportions,  and  he  discovered  that 
the  maximum  strength  of  double-flanged  beams,  for  a  given  sectional  area, 
was  realized  when  the  area  of  the  upper  flange  was  one  sixth  that  of  the 
lower  flange.  This  conclusion  harmonizes  with  the  fact  that  the  resistance 
of  cast  iron  to  compression  is  from  5  to  6  times  the  tensile  resistance;  and, 
as  a  scientific  fact,  it  has  its  value.  The  general  formula  (19),  page  511, 
for  flanged  beams,  is  as  follows : — 

W«^lfii£±-Li55£l),  (  I  ) 

in  which  a  is  the  sectional  area  of  the  lower  flange;  that  of  the  web, 
{/"  the  reputed  depth  of  the  beam  and  of  the  web,  taken  as  the  total  depth 
minus  the  thickness  of  the  lower  flange,  /  the  span,  all  in  inches,  and  W 
the  breaking  weight  at  the  middle,  in  tons.  Sections  of  cast-iron  beams 
which  have  been  tested,  are  given  in  Figs.  239-258,  comprising  17  model 
beams  tested  by  Mr.  Hodgkinson,  and  6  model  beams  by  Mr.  Berkley;  like- 
wise 1 1  laige  beams.^  Mr.  Berkl^s  model  beams  are  in  pairs,  and  have  the 

*  See  Hodgkinson  on  the  Strength  attd  other  Properties  of  Cast  Iron^  1846;  and  the 
Proceeiiings  oj  the  Institution  of  Ciz'il  Emf^mmrt,  ToL  XXX,  page  252  (Mr.  Beiklqr's  pAper 
on  the  **  Stieiigth  of  Iron  and  Steel"). 
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same  dimensions  as  Nos.  6,  7,  and  12  respectively.  Table  No.  228  con- 
tains, in  part  i,  the  needful  particulars  of  those  beams,  and  of  the  ultinnate 
breaking  weight,  both  actual  and  as  calculated  by  formula  (i).  The 
deflection  and  the  elastic  strength  of  the  beams  are  given  in  part  2  of  the 
table.  A  tensile  strength  of  7  tons  per  square  inch  has  been  adopted  in  the 
calculation  of  the  ultimate  strength  of  Mr.  Hodgldnson's  model  beams, 
6}i  tons  for  the  laige  beams,  and  io}6  tons  for  Mr.  Berkley's  model 
beams;  for,  though  his  test-castings  bore  a  greater  tensile  load  than  zo)4 
tons,  they  were  too  short  in  the  tested  portion,  which  was  i  inch  square 
and  only       inches  long,  for  the  action  of  simple  tensile  resistance. 


11 


Na  •• 


iroi.3,4. 


3 


No.  8. 


No.  9. 


No.  10. 


Na  It. 


Nob.  xa,  aa,  33. 


T 


Ko.  S3. 


No  t4.  Na^ 
Sodeof  Noi.  ttDZ' 


X 


J 


No.  as*  Na  a& 

Scale  of  Not.  94  to  s;— Oae^wcnticdi  full  n 


Na  ■7. 


Figs.  239-3$8.— Sections  of  Cast-iron  Beams  tested  for  Transverse  Strenglh 
by  Mr.  Hodgkinson,  Mr.  Berkley,  and  odiers.  Table  No.  228. 
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Table  No.  228. — Strength  of  Cast-iron  Flanged  Beams. 
Fart  i. — Ultimate  Transvt.rse  Strength. 
X.  Model  Beams. 


Refers 

Depth 

Span. 

/ 

d 

1  feet. 

inches  ll 

W«1». 


Mr. 


inches 

Hodgkinson's  Beams. 


Lower 
flange. 


Sactiooal  Aiea  of 


Lower 
flange. 


Upper 
flange,  ratio 
to  lower. 


inches.    |  sq.  inches. ' 


Assumed  tensile  strengi 


I 
2 

3 
4 

I 

7 
8 

9 
10 

II 

n 

13 
"4 

t7 


45 
•f 

s» 
*> 
Jl 
•> 
f  I 
f  I 
•I 
•t 
f> 
>» 
«t 

7.0 

9.0 
4.5 


n 
>i 

»» 
>> 
i» 
i» 
ft 
>» 
*t 

•  > 

♦  > 
»» 

6.93 
4.10 
IO>< 

5H 


29 

30 

32 

33 

305 

38 

34 

33 

35 

34 

266 

335 
34 

38 
40 

«S 
40 


.39 
•55 
•57 
.56 

.51 
•53 
.56 
•57 
537 
•54 
.66 

.65 

•51 
•75 
.74 

.46 


% 

1.20 
1.20 

1.57 
2.ao 
2.89 
2.31 
3.9a 

3.57 
4.40 

4-3> 

3-  32 

4-  54 

4-44 

4.7a 
1.04 


ratio. 

h,  7  tons 

to  I 
to  2 

to  4 
to  4 

to4;4 
to  4 
105;^ 
to  3.2 

to  4.3 

to  5.6 
to  6 
to  7 
to  6.7 
to  6 
to  6 
to&3 
none 


Breaking  Waghtat 
the  middle. 


Calculated. 
.  W 


Actu.il. 
W 


Mr. 


Avenges  for  17  bennu  

Berkley's  Beams.    Assumed  tensile  strength, 


18 

45 

5>^ 

.38 

■53 

2.20 

I  to  4 

«9 

>f 

it 

ti 

»»  , 

90 

21 

>» 

>t 

•34 

»» 

*» 

«» 

»» 

22 

>> 

.335 

.6S 

1  431 

I  to  7 

23 

I  »» 

11 

»» 

>>  1 

1  »» 

»» 

Averages  for  6  beams 

1105.5 

tons 

>er  square  inch. 

2.47 

3.27 
383 
3.87 
4.68 

6.45 
7.85 
6.49 
8.04 
9.56 
10.98 
11.00 


to  4.6 


9.02 
ro.26 

13-28 

3.83 


7.07 


2.98 

329 

3^69 
3^64 
4.79 

6.46 

7-47 
6.71 


8 

11.65 
10.40 
9.40 
9.90 
6.05 
12.60 

3-93 


7.01 


0.5  tmis  per  square  inch. 


9.67 
9.67 
II. 85 
11.85 
16.47 
17.08 


12.76 


10.00 
10.00 

11.75 
11.85 
14.25 
18.00 


12.64 


a.  Large  Beaics. — Assumed  tensile  strent^th,  6. 5  tons  per  sqiiaxe  inch. 

(Reported  by  Mr.  Hotigkiuson.) 


24 
3  beams 

28 
29 
30 

32" 

33, 

K 
35' 

37* 


j  18.0 

17  1 

.625 

1.25  [1 

11.67 

9  ' 

1-5  1 

i  27.4 

2.08 

2.07 

1  33.1 

36.1  1 

3-96 

3.12  1 

Ifr.  CuBin's 

15.0 

7.15  I 

1.04 

1-59 

»l 

7-17  1 

1. 10 

1-59 

»» 

10.75 

•93 

1.04 

It 

10.75  1 

1.05 

>» 

12.75 

•73 

12.8 

•95 

1.09 

1  :: 

14.0 

.91 

1.00 

»» 

17.25 

.68 

.84 

7.5 

1    7.15  1 

1.06 

1.59  1, 

>i 

1  10.75  \ 

.92 

i.ot  II 

10.31 

12.00 

25-^ 

74.60 

^BAHS. 

7.98 
8.II 

5.25 
542 
4-47 

6.50 
4.96 
8.03 
5.16 


I  to  4.6  1 

2493 

25.0 

I  to  1.33  • 

21.24 

20.0 

I  to  2.1  1 

94.64 

76.6  + 

none  { 

33ao 

153.0+ 

I  to  3.6 

7.75 

7.00 

I  to  3.6 

7.96 

7- 13 

I  to  2.3 

11.02 

11.50 

I  to  2.3 

11.71 

12.00 

I  to  2. 7 

II. Q5 

10.25 

I  to  2.25 

1  4-^ 

1  '5-75 

none 

>^39 

12.38 

I  to  2.  2 

1939 

16.00 

1  to  3.4 

15.63 

1  15-63 

I  to  3.25 

21.76 

1  23.87 

I  to  3.17 

17.00 

17.08 

1104.30  1 

1  11.31 

11.26 
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Table  Na  228  (cmHmiei). 
Pakt  a.— Dbflbction  and  Elastic  Stringth. 
I.  Model  Bbams. 


Reference 
NiimlMr. 


Mr.  HoDGKiw son's  Beams. 


Limits  of  Elastic  Strength.  ' 

1 

Ratio  of 
Elastic 

F<wm  of  Bourn. 

Deflection 

Load. 

Inches  per  i 
ton  of  IomL  I 

Strength  to 
Breaking 
Weight. 

tons. 

inches. 

tons. 

inches,  i 

per  cent. 

Coefficient 

of 

Elasucity. 


I 

2 

3 

4 

5 
6 

I 

9 
10 
II 
12 

>3 
14 
IS 
10 

«7 


Mr. 


Berkley's  Beams. 


18 

Uniform  depth. 

.245 

7.00 

.035 

■9 

Do. 

.271 

loo 

.034 

20 

Do. 

1  .387 

10,00 

•039 

21 

Do. 

•332 

9.00 

.037 

22 

Do. 

1  .264 

8.00 

.033 

23 

Do. 

1  .303 

laoo 

.030 

Averages  for  6  beams . 


76 
56 

55 


70 


Elliptical. 

•45 

5.670 

.079 

88 

5232 

Do. 

.49 

7.244 

.068 

9» 

4980 

Uniform  depth. 

.33 

6.872 

.048 

91 

4372 

Do. 

.36 

7-454 

.048 

86 

3420 

Do. 

.48 

10.254 

.047 

99 

3324 

Elliptical. 

.46 

8.503 

.054 

90 

5438 

Uniform  depth. 

.60 

9.204 

.065 

4284 

Do. 

.70 

3.787 

.185 

5520 

Do. 

•55 

11.450 

.048 

89 

5208 

Segmental. 

.42 

3.700 

.114 

94 

5600 

Averages  for  10  beams 

88 

4758 

7400 

7634 

5486 

5760 

5274 
5154 


6II8 


2.  Large  Beams. 
(Reported  by  Mr.  Hodgkinion.) 


24 
3  beams 

27 

28 
29 

30 
31 
32 
33 

34 

36 
37 


S^mentaL 
Scgmeotal. 


Uniform  section. 
Do. 

Do. 

Do. 
Do. 
Do. 

Uniform  depth. 
Do. 

Uniform  section. 
Do. 


I.OO 

20.0 

.33 

lO.O 

1.29 

76.6 

.68 

1530 

Mr.  Cuuitt's 

154 

6.0 

1. 215 

5.0 

.645 

7.0 

1.04 

I  I.O 

.60 

9.0 

.90 

15.0 

.41 

6.0 

.76 

16.0 

lao 

.261 

2ao 

Beams. 


Averages  for  12  beams  

Total  averages  for  28  beams. 


.050 

80 

4632 

•033 

f 

.017 

4236 

.0044 

? 

.257 

86 

4760 

.243 

70 

4706 

.092 

61 

5340 

•095 

92 

4000 

.067 

88 

5506 

.060 

95 

5032 

.070 

49 

4840 

.048 

100 

5226 

.031 

64 

4884 

.013 

84 

'  4762 

77 

)  4906 

79 

1  5"3 
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N9iti  to  TakU  No,  zilL 

^  Na  26— **  broke  appftrently  In  oome^ucnce  of  an  aoridcntri  shake.** 

'  No.  27— "with  this  load,  153  tons  in  the  middle,  the  experiment  was  disoontinned, 

as  the  apparatus  was  overstrained." 
'No.  32 — " bottom  Hange  unsound.** 

*  No.  54— "bottom  flange nnsonnd.** 

*  35 — "bottom  flange  unsound." 

'  No.  37 — "  nearly  but  not  quite  sound." 

The  contents  of  the  table  exhibit  a  soiprisingly  dose  confonnily 
throughout  between  the  calculated  and  the  actual  ultimate  strengths  of  such 
beams  as  were  sound,  and  were  fairly  tested  and  broken.  The  total 
averages  for  34  cast-iron  beams  show  that,  with  a  ratio  of  upper  to  lower 
flange  of  i  to  4.30,  the  breaking  weight,  as  calculated,  was  11.31  tons,  and 
as  tested,  1 1.26  tons. 

It  further  appears  that  the  ultimate  strength  of  a  cast-iron  beam  is  scarcely 
affected  by  the  proportionate  siseof  the  upper  flange;  and  that  the  formula 
( I ),  page  647,  may  be  adopted  for  the  calculatioQof  the  strength  of  flanged 
cast-iron  beams  of  any  ordinaiy  section.  It  is  sufficient  to  employ  die  factor, 
7  tons,  for  castings  of  less  than  ^  inch  in  thickness,  and  6.5  tons  for  those 
which  have  a  thiotness  of  i  inch  and  upwards.  Taking  the  span  in  feet: — 

Ultimate  Transverse  Stren^h  of  Cast-iron  Flan^^ai  Beams, 

For  the  thinner  castings        w  « .^liZ£+i£l>  (  2  ) 

For  the  thicker  castings         Wa=^  (^'S^*^  '*90   (  3  ) 


Ws=the  breaking  weight  in  tons  at  the  middle;  a  the  sectional  area  of  the 
lower  flange,  and  a'  the  sectional  area  of  the  web,  uiken  at  the  reputed 
depth,  both  in  square  inches^  /  the  span  in  feet.    The  reputed  depth 
is  the  total  depth  minus  the  thickness  of  the  lower  flange. 
The  following  are  the  constants  for  other  factors  of  tensile  strength : — 


Tensile  itrength  per  squai*  indt  Cnwiante  k  fimmda  a  or  3* 

kit  a,  fmn", 

6    tons   6    1.7 

6X   6.75  1.9 

7>6  »»    7  5    a.a 

«      »    8    2-3 

9      »   9    2-6 

10      „    10    a.9 

Approximate  RuU  for  the  Strertf^t/i  of  Cqst-irm  Fkmged  Beam, 

Referring  to  formula  (  2  )  for  a  tensile  strength  of  7  tons: — To  the 
sectional  area  of  the  lower  flange  add  a  fonith  of  the  sectional  area  of 
the  web,  calculated  on  the  total  depth,  bodi  in  inches;  multiply  the  sum 
by  the  total  depth  in  inches,  and  by  3^ ;  and  divide  the  product  by  the 
span  in  feet    The  quotient  is  the  breaking  weight  at  the  middle,  in  tons. 

For  any  other  tensile  strength,  use  it  as  the  multiplier  instead  of  2  ^1 
and  divide  the  product  by  3,  and  by  the  span.  The  quotient  is  the 
breaking  weight 
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Elastic  Strbnoth  amd  Deflbction  of  Cast-iron  Flanord  Beams. 

From  the  observations  of  the  experimentalists  on  the  dt  flcc  tion  of  the 
beams  noted  in  the  second  part  of  table  No.  228,  it  is  shown  that  the  elastic 
strength — that  is,  the  limit  of  load  for  uniform  increments  of  deflection, 
irrespective  of  set — as  gi\  cn  in  the  table,  averages  about  80  per  cent  of  the 
ultimate  stren^tlis.  The  value  of  the  coefficients  of  elasticity,  E,  were  cal- 
culated tentatively  by  means  ^  the  temula  (  13  ),  page  531,  ibr  beaaoB  of 
conatant  depdi  and  unilbrm  stiei^^th  loaded  a;t  aniddle ;  but,  sinoe  all  tiw 
beams  exceptiog  aix  of  Cubitt^  beams  were  propoitkmed  far  canying 
imifoim  loads,  the  tentative  values  fomid  for  these  beams  were  modified 
according  to  their  special  forms,  on  the  principles  already  adopted  in  the 
general  section  on  the  deflection  of  l)eams,  pages  529,  530,  to  give  the  proper 
values  of  E.  The  general  average  value  for  K  is  5 113.  and  the  numerical 
coefficient  of  the  fomiula  (  13  ),  page  531,  being  multij)lied  into  this  value, 
pives  the  resultant  coeffident  for  beams  of  cast  iron.  The  general  fonsula 
15  as  foUiMrs;  r  being  the  coeffident: — 


D^iectiM  if  Cm-irm  Fkmf^  Beam, 


(rE)i/-''(4tf+i.i5Sa"') 
Values  of  {c  E),  /o  be  employed  in  this  formula. 


(4) 


;thio 


I. 

2. 

3- 

4- 

5- 
6. 


Constant  depth,  unifonn  strength,  load  at  middle....  20,700 
Do.  do,  uniform  load   41,400 

Constant  breadth,  do.  load  at  middle....  10,350 
Do.  do.  unifonn  load   27,600 

Uniform  section,  load  at  middle....  20,700 
Do.  uniform  load   33,120 


Length  ia 

,.  12 

24 

.  6 

.  16 

.  12 

.  19 


D  =  the  deflection,  ^  =  the  breadth,  </"  =  the  reputed  depth,  or  the  ex- 
treme depth  minus  the  thickness  of  the  lower  flange,  all  in  inches;  /=t}ie 
span,  in  mches  or  feet  ;  a  =  the  sectional  area  of  the  lower  flange  at  the 
middle,  and  a"  that  of  the  web  at  the  middle,  reckoned  on  the  reputed 
depth ;  VV  =  the  load  in  tons. 

Approximate  Rule. 

To  the  sectional  area  of  the  lower  flange,  add  one-fourth  of  the  sectional 
area  of  the  web,  calculated  on  the  whole  depth,  both  in  inches:  multiply 
the  sum  by  the  square  of  the  dcjilh  in  inches,  and  by  the  proper  coefficient 
in  the  followti^  list;  making  a  product  A.  Multiply  the  load  at  the  middle 
ift  tons,  by  the  cube  of  the  span  in  feet;  and  divide  tfiis  product  by  the 
product  A.   The  quotient  is  the  deflection  in  inches. 


No.  X.  Coefficient. 
Ko.  a. 
No.  3. 


48 
96 

a4 


No.  4.  Coefficient   64 

No.  5.       „    48 

No.  6.       „    76 
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WROUGHT-iRON  FLANGED  BEAMS  OR  JOISTS. 
Solid-Rolled  WRoucHT-IitON  Joists. 

The  usual  section  of  sofiiUolIed  wroa^t-iron  beams  or  joists  is  diown 
by  Figs.  359,  260,  a6i,  and  263,  page  654.  For  practical  &cility  of  rolling, 
the  Ainges  rarely  ever  exceed  6  inches  in  breadth;  and  the  breadth  of 
flange  varies  from  a  third  o^  to  an  equality  with,  the  depth,~the  latter  ratio, 
of  course,  only  occurring  for  small  sizes.  The  flanges,  also,  have  a  taper 
section  on  each  side  of  the  web. 

In  joists  of  ordinary  proportions,  the  thickness  of  the  web  is  from  ';'j6th 
to  Vi3^  of  the  depth  of  the  beam,  being  thicker  as  the  relative  breadth  of 
the  flanges  is  increased;  but,  by  setting  the  rolls  wider  apart,  the  thickness 
may  be  increased  a  half  or  two-thirds  more.  The  mean  thickness  of  die 
flanges  is  from  '/ipth  to  Vtoth  of  the  depth.  The  slope  or  taper  of  the 
flanges  in  section  is  usually  about  I  in  7,  on  each  side  of  the  web.  The 
beams  can  be  rolled  to  lengths  of  30  fieet;  but  they  cost  less  per  ton  when 
the  lengths  do  not  exceed  20  feet. 

Table  No.  229  shows  the  average  proportions  of  the  thickness  of  the 
web,  and  the  mean  thickness  of  the  flange,  for  various  proportional  breadths 
of  flanges,  the  depth  being  taken  as  1. 


Table  No.  229.— Proportional  Dimensions  of  Solid 

Wrought-iron  J01ST& 


Depth  of 
Joitt. 

Breadth 

of 
Ffauig*. 

ThiekucM 
of  Web. 

Mean 
Thickness 
oTFlMiga. 

Depth  of 
Joist 

Breadth 

of 
Flange. 

ThkkncM 
ofWebu 

Mean 
Thickness 
of  Flanges. 

I 

•3 

1/26 

1/19 

•75 

1/16.3 

1/11.5 

I 

.35 

1/24.5 

1/18 

.8 

l/ll 

I 

•4 

1/23 

1/17 

.85 

1/14.6 

1/10.5 

I 

.4$ 

1/22 

I  / 16.2 

.9 

1/14 

i/io 

I 

•5 

1/2 1 

i/»5-3 

•95 

i/'3-7 

1/9.7 

I 

.55 

1/20 

1/14.3 

1.00 

1/I3-S 

I 

.6 

I/IO 

1/13.5 

I 

.65 

I/I8 

1/12.8 

I 

.7 

I/I7 

1/12 

The  dimensioiHi  of  a  variety  of  soHd-roUed  joists  actually  manufactured, 
having  the  minimum,  or  what  may  be  called  the  normal,  thickness  of  web, 
are  given  in  table  No.  230,  next  page.  The  reputed  weights  per  lineal  foot 
are  given  in  the  fifth  column.  The  ultimate  strengths  for  a  span  of  10  feet, 
in  the  sixth  column,  are  calculated  by  the  first  approximate  rule  with  formula 
(  7  )y  >  distributed  load  in  the  last  column  is  taken  as 

one-third  of  the  breaking  weight  at  the  middle^  according  to  a  factor  of  6. 

To  find,  from  table  No.  230,  the  ultimate  strength  of,  or  the  safe  per- 
manent load  for,  a  joist,  for  any  other  span  than  10  feet,  multiply  the  tabular 
weight  for  the  beam  of  the  given  section  by  10,  and  divide  the  product  by 
the  given  span. 

Inversely,  to  find  the  span  for  a  joist  of  a  given  section,  with  a  given  weight, 
multiply  the  tabular  weight  by  10,  and  divide  the  product  by  the  given  weight 
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Table  No  230. — Soud-rolled  Wrought-iron  Joists: — Dimensions, 
Weight,  and  Strength.   Span,  10  Feet. 


Depth  of 
Bewn. 

Breadth 
of  FlaagM. 

TiiicKinn. 
Or^eh.    1  Of  Flanges. 

Reputed 

W  <*  1  (J  n  t  wv'V 

lineal  fooc 

Ultimate 
Strength, 
Loukdai  the 

Safe  Penna- 
nent  Load, 

Uniformly 
x/utnou  tea. 

inches. 

inches. 

inch. 

I  inch. 

lbs. 

tons. 

cwts. 

16  ... 

...  ... 

...    62  , 

...  84  ... 

14 

i 

9/16 

13/16 

60 

68 

4^3  1 

...  s>^  ... 

...9/16... 

1...  7/8  ... 

...    60  ,, 

...  67  ... 

12 

6 

9/16 

'  15/16 

,  56 

61 

407  1 

...  5  ... 

...  7/«6  ... 

...  13/16 ... 

...    42  ... 

•J  1 

ID 

3/4 

5/8 

36 

34 

227 

...  4^  ... 

...  7/16  ... 

...  9/16 ... 

...  i6  ... 

/  ^ 

10 

7/16 

9/16 

32 

25 

167 

...  4^  ... 

...3/8  ... 

...    30  ... 

...  26.5  ... 

/  / 

7/16 

1/2 

24 

18.6 

124 

i#  ^  • 

...  7/16  ... 

8 

5 

3/8 

9/16 

29 

20 

133 

8  .. 

...  3  8  ... 

«/ 

8 

3/8 

3/8  1 

15 

9-5 

63 

8  . 

...  a»g  ... 

...  5/16  ... 

62 

7 

5/16 

1/2 

19 

II.O 

77 

'  7 

...  3^ 

...  5/16  ... 

...    7/16  ... 

.  .  69 

7 

5/16 

7/16  , 

i  H 

7.6 

SI 

...  2$  ... 

...  3/8  ...1 

...  14 

...  ^6  ... 

5/16 

13/32 

j 

7.8 

S2 

6X  ... 

...   2X  ... 

i;/i6 

...  18 

...   5.8  ... 

2 

5/16 

7/16 

1 1 

6 

40 

6  ... 

...  7/16  .... 

i...  30 

...  15. 1  ... 

2 

3/8  1 

7/16  1 

1  ><» 

5.3 

35 

...  3/8  ... 

...    1/2  ... 

27. 

86 

3 

5/«6  j 

7/16 

13 

6 

40 

...  1/4  ... 

...  5/16... 

...     8  ... 

...  3.1  ... 

3 

1/4 

3.8 

12 

3.8 

...  2 

...  1/4  ... 

...   5/16  ... 

...     8  .,, 

3>i 

3/16 

7/32 

I. II 

7.4 

...  1/4  ... 

...  5/16 

...   2.5  ... 

...  17 

3 

2 

3/16 

7/32  1 

SH  1 

1.22 

8.1 

Transverse  Strength  of  Wrou(;ht-iron  Joists. 
A  number  of  solid-roUed  joists  of  unifonn  symmetrical  section  were 


B 


A 


Fip.  #59  lit   lhainwof  Solid  WrooghtJraM  Fl—teJ 

Med  by  Mr.  Kirkaldy  for  Mr.  Moser,  the  sections  of  four  <tf  which  have 
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been  ascertained  approidmately,  and  aie  here  annexed.  Figs.  359-263,  with 
the  following  particulais:— 


1 

1 

Joina. 

Depth. 

Biwdth. 

Veb. 

Thick- 

Flange. 

Scctic  tial  .\r 

lbs. 

inches. 

inches. 

IBCh. 

inch. 

sq.  in<i. 

sq.  ins. 

sq.  ins. 

A   

43-56 

11.75 

5.70 

.60 

•643 

6.537 

3.665 

U-34 

B   

37.54 

9.85 

4.60 

.50 

.804 

4.523 

3700 

11.50 

D  

26.22 

7.90 

376 

.50 

.619 

3.640 

2.329 

8.033 

19.16 

7.07 

3.00 

.50 

.485 

3-293 

1.455 

5.870 

The  elastic  and  ultimate  transverse  strengths  of  these  beams  are  reduced 
from  the  observations  of  Mr.  Kirkaldy,  and  are  given  in  the  table  No.  231. 
In  the  last  column,  the  i)robable  real  ultimate  strengths  of  the  beams  are 
added;  they  are  computed  at  twice  the  elastic  strength,  in  correspondence 
with  the  well  established  ratio  of  the  tensile  elastic  and  ultimate  strengths 
of  wrought  iron.  The  uliiniate  stren^h,  column  4,  was  calculated  by 
fonnula  (19),  page  511,  in  which  the  ultimate  tensile  strength,  s,  is  taken  as 
30  tons: — 


Table  Na  33i.—Transverse  Strength  of  Solid-rolled  Wrought- 

IRON  Joists. 

(Results  of  Experiment.) 


Joists. 


A 

B 
D 
£ 


Averages 


Span. 


feee. 
20 
10 
20 
10 
20 
10 
10 

5 


Sovngth. 


ObwrvwL 


tons 

10.714 

21.428 
8.482 

17.857 
4.018 
8.705 
5.402 

11.607 


Ultiioate,  or  Ureakine 

W«ifflM. 


11.027 


tons. 
20.390 
40.780 
15X160 
50.120 

8.203 
16.406 

8.150 
21.124 


•  Cause 
of 
Faflonk 


tons. 
14.310 

32.450 
11.445 

26.530 

6.371 
I^.I  12 

6.150 
19.520 


Buckling 


20.331 


[  16.736 


ft 

n 

>j 
n 
ft 
ft 


I^obable 

Real 
Breaking 
Weight 


tons. 
21.428 
42.856 
16.964 

35714 
8.036 
17.410 

ia8Q4 
t^4i 


22.033 


As  the  cause  of  failure  was  buckling,  it  is  clear  that  the  beams  would 
have  supported  greater  weights  if  they  had  been  supported  laterally.  That 
the  want  of  such  support  was  the  cause  of  the  weakness,  is  evidenced  by  the 
fact  that  the  observed  breaking  weights  more  nearly  approach  the  calculated 
weights  for  the  shorter  than  for  the  longer  spans.  The  probable  real  break- 
ing weights  average  more  than  the  weights,  as  calculated  from  the  experi- 
mental data.  AdapUi||.  Ae  Ibimula  (19),  page  511,  by  assuming  the  value 
cf    so  tons^  tiicnh-* 
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Uliiffiak  Transverse  Strength  of  Solid  Wrought-iron  Joists  of  Uniform 

Symmetrical  SeeHon, 

IntoM,  W=!?li±£iiiM£3   (5) 

0.0/ 

Incwu.,  ^^rJ''Ua^^•^SSa')   (^j 

0.03/ 

W  =  the  breaking  weight  at  the  middle. 
0  =  the  sectional  area  of  the  lower  flange,  in  square  inches. 

the  sectional  area  of  the  web,  taken  at  tiie  reputed  depth,  in  square 

inches. 

^==the  reputed  depth  in  inches;  that  is,  the  total  depth  minus  the 
average  thickness  of  one  flange; 
/-the  span  in  feet. 

Approxitnate  Rules  for  the  Strength  of  Solid  IFroug/U-iroft  Joists  of 

Ordinary  ProportioHS* 

Reduce  the  second  coefficient  in  the  numerator  of  the  above  finrmulas, 

to  I,  and  increase  the  depth  to  the  total  depth,  d^  of  the  beam. 

\st  Approximatf  Rule.  In  Tons. — To  the  sectional  area  of  one  flange 
add  one-fourth  of  the  sectional  area  of  the  web,  calculated  on  the  total  depth, 
both  in  inches;  multiply  the  sum  by  the  depth  in  inches  and  by  7,  and 
divide  by  the  span  in  feet  The  quotient  is  the  breaking  weight  at  the 
middle. 

In  Hundredwd^ts. — Substitute  133  for  the  multiplier  7  in  the  preceding 

calculation, 

I  he  second  last  columa  in  table  Na  330  was  calculated  by  this  ruler 
The,  fixmulas  are — 

latons,  W=^^<^  +  ^0    (7) 

Incwts.,W='33^(^+^0_   (3j 

2d  Approximate  Rule.  In  Tons. — Multiply  the  breadth  of  the  joist  by 
the  square  of  the  depth  in  inches,  and  by  0.6 ;  and  divide  the  product  by 
the  span  in  feet  The  quotient,  plus  i,  is  the  breaking  weight  at  the 
middle:. 

In  Hundredweights. — Substitute  12  for  the  multiplier  0.6  in  the  preceding 
calculation.    The  quotient,  plus  to,  is  the  breaking  weight 
The  formulas  are: — 

Intons,  +  i   (9) 

.  '  Incwts.,  W.-ii^-£  +  2o  ^   (10)  - 

Ws»the  break mg  weight  at  the  middle,  3  =  the  breadth,  and  d-  the 
deptfi  in  ipches;  /=the  span  in  feet  '  !  r 

Ndle. — ^The  ist  approxunate  tule  is  better  than  die^id  ntfe, 
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Deflection  and  Elastic  Strength  of  Solid  Wrought-iron  Flanged 
Beams  or  Joists  of  Unitorm  SrMBfETRiCAL  Sbctton. 

With  the  particulars  already  given  for  the  beams  A,  B,  1),  and  E,  page 
655,  and  the  subjoined  deflections  under  given  loads  at  the  middle,  within 
the  elastic  limits,  the  values  of  the  coefficient  of  elasticity,  E,  calculated 
from  the  general  formula  (13),  page  531,  by  inversion,  are  as  follows:— 


Bbaii. 

Load  at  the 

DeAectioo. 

E. 

A 
B 

E 

Average  cc 
exdud 

feet. 
20 
10 
20 
10 
20 
10 
ID 

s 

tef&ciento 
ing  the  laa 

tons. 

8.929 

8.929 

7- 143 
14.286 

3571 
8.929 

5-357 
8.929 

f  elasticity,  E, 
It,  as  exceptio 

—    -  ■ 

inches. 

.848 

.132 

1. 150 

.330 
1.420 

-AAO 

.40$ 
.158 

for  7  beams, 

13,100 
11414 
12,120 
12,232 

13,692 

7,3>4 
",334 

To  adapt  the  general  fonnula  just  named,  the  constant  becomes 

D^UcHm  of  Solid  /tolled  Wrought-iron  Flanged  Beams  of  Uniform 
Symnutrical  Section,  loaded  at  the  Middle, 


D  =  the  deflection  in  indies,  W»  the  load  in  tons,  /  the  span  in  feet, 
the  reputed  depth  in  indies,  being  the  whole  depth  minus  the  thidcness  of  the 
lower  flange ;  a  the  sectional  area  of  the  lower  flange,  and  of  the  sectional 
area  of  the  web  reckoned  on  the  reputed  depth,  both  in  square  inches. 

Note, — ^If  the  same  weiglit  be  uniformly  distributed,  the  divisor  45.7  is 
to  be  used. 

A^oxinuUe  RuU, 

Load  ai  the  Middh, — To  the  secdonal  area  of  one  flange  add  one-fourth 

of  the  sectional  area  of  the  web,  calculated  on  the  total  dejith,  both  in 
inches;  multiply  the  sum  by  the  square  of  the  depth  in  inches,  and  by 
114,  making  a  product  A.  Multiply  the  load  in  tons  by  the  cube  of  the 
span  in  feet;  and  divide  this  product  by  the  product  A.  The  quotient  is 
the  deflection  in  inches. 

Load  Uniformly  Distributed. — Use  the  multiplier  183  in  the  calculation, 
instead  of  114. 

STREHGTH  09  RiVBTTBD  WrOIKSHT-IRON  JoISTS. 

Compared  with  solid-rolled  joists,  the  strength  of  rivetted  joists  is  less, 
and  the  deflection  is  greater.  A  series  of  rivetted  pkte-joists  of  unifann 

4» 


Digitized  by  Google 


658  STRENGTH  OF  ELEMENTARY  CONSTRUCTIONS. 

section  were  constructed  and  tested  for  deflection  by  die  late  Mr.  Thomas 
Davies,  in  1856.^  The  sections  of  these  beams  aie  shown  by  Figs.  263-268; 


No.  4.  No.  s«  No.  7. 


B^j  M  >  8«Ktininof  Rhretlad  W»oiii^it.in>n  Joiitt. 

they  consist  of  plate-webs  and  flanges,  united  by  angle-irons,  of  which  the 
scantlings  are  given  on  the  figures, — 

No.  of  joist,   I.         2.         3.         4,  5.  7. 

Weight  of  joist,...    4.25  ...    6.5  ...  20.5  ...  14.75  •••  I3'62  ...  13.62  cwts. 
Span  for  trial,        11.66  ...  16.5  ...  28.5  ...  28.5   ...  22.5   ...  22.5  feeL 

The  loads  rested  on  spaces  at  the  middle  of  the  beams,  21  inches  wide. 

The  elastic  strengths  and  deflections  of  the  joists,  as  deduced  from  the 
record  of  the  results,  were  as  foUows: — 

Elastic  strength,....  11^  ...  11^  ...  io|^  ...    7   ...  13  ...  13  tons. 
Deflection,  437  ...  .625  ...  2.000 ...  1.620 ...  .875  ...  .875  inches. 

All  the  beams  except  No.  2  were  unsymmetrical,  and  an  approximate  rule 
for  strength  and  deflection  may  be  constructed,  by  making  a  calculation 
for  each  beam  in  the  position  in  whidi  it  was  tested,  and  in  an  inverted 

position,  in  terms  of  the  flange  and  angle-irons  which  are  undermost,  in 
each  position  respectively;  and  finding  the  mean  results.   In  this  way  the 

*  See  a  paper  reed  at  a  meeting  of  the  Edinburgh  Architectural  institute,  February  iS, 
1856L 
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breaking  weights,  columns  2  and  3  in  the  following  tablet,  were  arrived  at 
for  each  joist,  appl3ruig  the  formula  (  5  ),  page  656,  for  soUd<ToUed  joists. 

Two-thirds  of  these  mean  calculated  breaking  weights  are  given  in  the  4th 
column  ;  and  they  are  {)robably  the  real  breaking  weights,  since  they  average 
exactly  twice  the  observed  elastic  strength  given  in  the  last  column. 


JoMm 


No.  I,  

Do.  inverted, . 


No.  2, 


No.  3i  

Do.  inverted,. 


No.  4,  

Do.  inverted,. 


No.  5,  

No.  7  (No.  5  inverted),. 


Averages,. 


Calculated 
Breaking 

Wcigltt. 

Mean 
Braaking 
Wdfht. 

Two<diiRl« 

oftlM 

Mow. 

ObMIVMl 

Elude 
Strength. 

tmu. 
34-52 
38.65 

toot. 

36.59 

tons. 
344 

nH 

31.80 

21.3 

37-36 
38.92 

33- H 

33.1 

loX 

13-74 
27.03 

20.40 

13-6 

7 

33-47  ( 
51-59) 

43.53 

284 

S  '3 
1  «3 

22.0 

1 1.0 

By  an  appropriate  alteration  of  the  coefficient  in  the  rule  for  solid-rolled 
joists,  therefore,  the  following  rule  is  obtamed: — 

ApproximaU  Rtdes  far  the  Strength  of  Rivetted  Wnfught-irm  /mis. 

In  ttms. — ^Find  the  sectional  areas  of  the  upper  and  the  lower  flanges 
with  their  angle-irons  respectively;  to  half  the  sum  of  these  areas  add  one- 
fourth  of  the  sectional  area  of  the  web,  calculated  on  the  total  depth,  all  in 
inches;  multiply  this  last  sum  by  the  depth  in  inches,  and  by  4^;  and 
divide  by  the  span  in  feet  The  quotient  is  the  breaking  weight  at  the 
middle. 

///  hundredweights, — Substitute  94  for  the  multiplier  4^  in  the  preceding 
operation. 

The  formulas  are : — 

I»t»M.  W=42l^fe^±^  (,a) 

Incwtt.  W=24£l£+i£f:}  (,3) 

in  which  d  is  half  the  sum  of  the  upper  and  lower  sectional  areas,  a"  the 
sectional  area  of  the  web,  d  the  depth,  /  the  span,  and  W  the  load  at  the 

middle. 

Note  to  the  rule. — If  the  beam  is  symmetrical  in  section,  the  section  for 
one  rtange  only  i.s  calculated. 

Similarly,  let  the  deflections  for  the  elastic  strengths,  for  each  beam 
in  its  first  position,  and  as  inverted,  be  calculated  by  the  formula  (11), 
page  657,  for  solid-rolled  joists.  They  are  given  in  the  2d  column  of  the 
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following  tablet,  and  the  mean  for  each  is  given  in  die     odtunn.  The 

actual  deflections,  in  the  4th  column,  are  g^nealer  tinn  dioae  in  the  5d 
coiunm,  in  the  ratios  indicated  in  the  last  colonm. 


JOUTS. 

Calculated 
Deflectioiu. 

Mean 
Calculated 

Actu.-il 
Deflection. 

Ratio  of  Actual 
to^LglCTdated 

No.  5,  

No.  7  (No.  5  inverted),  

Average  ratio,  not  indudin 

.227 
.203 

1. 148 

1.483 

2.130 
1.083 

■730} 

.S78J 
«No.7,. 

.215 

418 

1.316 

1.606 
.654 

.437 
.625 

3.000 

1.620 

i  .875 
{  .875 

1  to  2.033 
I  to  1.495 

I  to  1.530 

I  to  1.009 

I  to  1.338 
I  to  1.338 

f  to  1.479 

There  is  considerable  variation  in  the  ratio  of  the  calculated  to  the  actual 
deflections;  the  average  is  i  to  i^.  Modify  accordingly  the  coefficioit 
in  the  approximate  rule  for  solid-rolled  joists^  page  657 ; — 


Approanmaie  RyUJw'  ^  D^eOknqf  Riottki  Wrou^Irm  Joists. 

Load  at  the  middU. — ^Find  the  sectioiial  areas  of  the  upper  and  the 
lower  flanges  with  their  angle-irons  respectively;  to  half  the  sum  of  these 
areas  add  one-fourth  of  the  sectional  area  of  the  web,  calculated  on  the 
total  depth,  all  in  inches;  inultq)ly  this  last  sum  by  the  square  of  the  depUi 

in  inches,  and  by  75,  making  a  product  A.  Multiply  the  load  in  tons  by 
the  cube  of  the  span  in  feet;  and  divide  this  product  by  the  product  iL 
The  quotient  is  the  deflection,  in  inches. 

Load  uniformly  distributed. — Use  the  multiplier  1 20  in  the  calculation, 
instead  of  75. 

Note  to  the  Rule, — If  there  be  no  flanges,  the  angle-irons  alone  are  to  be 
taken  as  representing  flange-area. 

Remarks, — i.  The  experimental  elastic  strengths,  as  well  as  the  deflec- 
tions, of  Nos.  5  and  7  beams,  which  were  in  fact  the  same  beam  in  reverse 

positions,  are  identical.  The  identity  here  obser\ed  is  confirmatory  of  the 
general  principle  of  the  elasticity  of  beams,  enunciated  at  page  517. 

2.  It  follows,  troin  experimental  tests,  that  the  strength  of  solid-rolled 
joists  is  to  that  ot  rivetted  joists,  of  equal  weiglus,  as  i  to  i ;  and  that 
their  deflections,  under  equal  loads,  are  as  i  to  i 


BUCKLED  IRON  PLATES. 

Buckled  plates,  so  named  by  Mr.  Mallett,  the  inventor,  are  bulged 
plates,  whidi  are  curved  or  ardied,  with  a  very  small  rise  or  curvature, 
^nging  from  the  edges  of  the  plale,  a  narrow  strip  of  whidi,  all  round, 
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is  retained  in  the  original  plane  of  the  plate.  Buckled  i)lates  are  very  rigid, 
and  are  capable  of  sustaining  heavy  loads.  When  bolted  down,  or  ri vetted 
all  round  the  edges,  tliey  otiter  twice  the  resistance  tliat  they  do  if  simjjly 
supported  ;  and  if  two  opposite  sides  be  wholly  unsupported,  the  resistance 
is  only  s/g  ths.  Less  than  2  inches  of  rise  is  suthcient  for  a  ^'-inch  plate, 
4  feet  square.  A  ^-inch  Staffordshire  plate,  3  feet  square,  widi  a  a-indi 
flat  border,  buckled  with  a  rise  of  i  ^  inches,  is  crippled  with  a  load  of 
9  tons  distributed  over  half  the  surface;  if  rivetted  down,  18  tons  are  required 
to  cripple  it.  Plates  of  soft  puddled  steel  bear  twice  these  loads  before 
being  crippled.  The  strength  appears  to  increase  as  the  square  of  the 
thickness.  The  factor  of  safety  adopted  by  Mr.  Mallet  is  4  for  steady 
loads,  and  6  fox  moving  loads. 


RAILWAY  RAILSw 
Rails  op  Svhmetiiical  Sectiom. 

These  are  beams  of  limited  depth  and  considerable  tlange-area,  and 
the  strength  should  be  calculated  by  formula  (22),  page  512,  repeated 
below;  for  the  application  of  which  the  section  of  a  double-headed  rail 
is  to  be  divided  for  the  calculation,  according  to  the  annexed  diagnun, 
Fig.  269.  a,  a,  a,  0,  are  the  flange  portions,  r  ^  the  web,  d  the  depth 
of  the  rail,  and  the  vertical  distance  apart  of  the  centres  of  the 
flanges.   That  the  sectional  area  of  the  flange  may  be  conectly  ascertained, 


the  surface  should  be  divided  into  thin  strips  parallel  to  the  neutral  axis, 
as  in  the  diagram,  the  area  of  each  of  which  should  be  calculated.  If  the 
outer  contour  of  the  flange  is  circular,  as  is  usually  the  case,  the  resultant 
centre  of  the  flange  a  a  may  be  taken  as  passing  through  the  centre  of  the 
ckde.  If  the  flanges  an  othcrwiBe  fonned,  the  positton  of  their  centre  of 
gravity,  ascertained  by  the  rule,  page  514,  may  be  taken*  Approximate 
results  may  be  obtained  by  squanng  the  section  of  the  flanges,  by  the  eye^ 
and  calculating  from  the  centres  of  Sie  rectau^es,  as  in  Fig.  370. 
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7 
W/ 

""Z^  

(4  a'  ^  +  1.155/'^') 


(O 
(2) 


W  =  the  breaking  weight  at  the  niiUdle,  in  tons. 
<7'  =  the  net  sectional  area  of  one  flange,  in  inches  (exduding  the  central 
portion  pertaining  to  the  web). 

d=  the  total  depth  of  the  rail,  in  inches. 
^'=the  \  t  rtical  distance  apart  of  the  centres  of  the  flanges. 

/'  =  the  thickness  of  the  web. 

/=the  length  of  span  between  the  supports,  in  inches. 
s  =  the  ultimate  tensile  strength,  in  tons  per  square  inch. 

Rule  i. — To  find  the  Ultimaie  Transverse  Strength  of  a  rail  of  symmet- 
rical section.  Multiply  the  sectional  area  of  the  flange  portion  of  one 
head  by  the  square  of  the  vertical  distance  apart  of  the  centres  of  the 
heads,  and  by  4;  and  divide  by  the  depth  of  the  rail  [B].  Multiply  the 
thickness  of  the  web  by  the  square  of  the  dei)th  of  the  rail,  and  by  1.155 
[Cj.  Multiply  the  sum  of  the  quotient  B  and  tlie  product  C  by  the  ulti- 
mate temnle  strength,  and  divide  by  the  span.  The  last  quotient  is  the 
breaking  weight  at  the  middle. 

Rule  2. — To  find  the  Ultimaie  Tensile  Strength  of  a  rail  of  symmetrical 
section.  Multiply  the  breaking  weight  at  the  middle  by  the  span,  and 
divide  the  i)roduct  by  the  sum  of  the  quotient  B  and  the  product  C 
described  in  Rule  i.    The  last  quotient  is  the  ultimate  tensile  strength. 

Mr,  R.  Price  Williams,  in  a  paper  of  exceptional  value, ^  gives  a  num- 
ber of  tests  of  tlie  ultimate  transverse  strength  of  iron  and  steel  rails,  made 

for  him  by  Mr.  Kirkaldy.  From  this  paper,  the 
following  data,  collected  in  table  Na  232,  are 
derived  for  several  double^eaded  rails  ii  sym- 
metrical section. 

The  tensile  strengths  of  these  rails,  in  the  last 
column,  are  calculated  by  Rule  2  above.  There  is 
no  information  as  to  the  observed  tensile  strength 
of  the  rails  ;  but,  in  the  course  of  discussion,  Mr. 
Berkley  gives  the  tensile  strength  of  steel  rails 
tested  by  him,  varying  from  40  to  50  tons  per 
square  inch;  and  ibe  mean  of  these  strengths  is 
the  same  as  the  average  of  the  strengths  for  steel 
rails  calculated  in  the  last  column. 

Mr.  Baker  gives  a  full-size  section,  ^nth  the 
breaking  weight,  for  double-headed  steel  rails, 
manufactured  by  Sir  John  Brown  &  Co.  for  the 
Great  Indian  Peninsula  Railway,  weighing  68  lbs. 
per  yard.^    The  section,  P"ig.  271,  has  an  area  of  6.88  square  inches,  of 

*  "On  the  Maintenance  and  Renewal  of  Permanent  Way,"  in  the  Proceedings  iff  the 
In^kutioH  0/  Civil  Engineers^  1865-66,  vol.  xxv.,  iHige  353. 

*  TlriXrmSfttl  i/Beamt,  page 86. 


* 


Fk.  avt.— Section  of  Sted  RaU 
tor  tbe  Great  IndiMi  Fndmufaar 
Raflmiy.  SaJo,  ooe-iliifd. 
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which  the  flange-area  at  the  bottom  is  1.667  inches.  The  web  is  .70  inch 
thick,  the  total  depth  5  inches,  and  the  vertical  distance  of  the  centres  of 
graviQr  of  the  heads  3.72  inches.  The  ultimate  tensile  strength  varied  from 


Table  No.  232. — Transverse  Strength  of  Iron  and  Steel  Double- 

Ueaded  Kails.  1866. 

Span  60  inches.   Load  applied  at  the  middle. 

(Dednoed  firam  Mr.  Price  Williains'  daU). 


Dbsouftion. 


Weisht 
per  Yard 
(etd- 


Iron  Rails. 

L  Lh  &  N.  Wi  iRy*..  

N  Do.   

M  EbbwValeCo.  

F       Dp.  ,  „  


A 
B 
C 
D 


Steel  Kails. 

Crewe   

Brown  VC^.*» . 
Bessemer.......... 

Cammell  


Ibt. 

82 
82 
82 
68 


78 
79 
74 
72.5 


Depth. 


TotaL 


iodMS. 

5.40 

5- 40 

5.25 
5.04 


540 
5.22 

5.20 
5.02 


Centres  of 
Flanges. 


iadiei. 

4.20 
4.00 

3.90 
375 


4.20 

372 

3- 90 
3.82 


ThickncM 
of  Web. 


indies. 

.82 
.82 

•7! 

.68 


■75 
■75 
•74 
•73 


Sbctional  Akba. 


One 


I .  <-)  1 1 

1-931 
2.037 

1.70 


Total 


.81 
.90a 

.701 

.722 


iq.  indies. 

8.25 
8.29 
8.17 
6.83 


7.67 
7.72 

7.25 
7. 1 1 


1 

1 

1 

1 

I  1 

Calculated 

breaking 
Weifht. 

Kl.istK: 

Deflection 

N.iiu(c  L*t  allure. 

Tensile 
btrcngih 
per  square 
inch. 

Iron  Rails. 

per  cent. 

inctici. 

j  cracked,  &  ) 
(    canted  / 

L   L.  &  N.  W.  R. 

23.000 

11.604 

50.4 

.198 

26.24 

N  Do. 

M  Ebbw  Vale..... 

P  Da 

21.107 
32.371 
15.500 

9.823 

10.716 

6.698 

46.5 
47.9 
43-s 

.1S4 

•*35 
.148 

canted 

snapped 

torn 

25.07 

27.71 
24.06 

Stbel  Rails. 

35-793 

16.070 

44-9 

.252 

snapped 

4391 

B  Brown  ftCo.... 

35432 

15.181 

42.9 

.264 

f  cracked,  &  ) 
}    canted  / 

45-75 

33.446 
31.935 

16.967 
16.070 

50.7 
5a3 

.300 
.332 

canted 

46.67 
46.43 

snapped 

37  to  50  tons  in  nine  specimens,  averaging  45  tons  per  square  inch.  The 
breaking  weight  at  the  middle,  on  a  span  of  43.5  inches,  averaged,  in 
foriy-fivc  experiments,  38.7  tons.  Applying  Rule  i  above,  the  calculated 
breaking  weight  is, 

[ (4  X  2:22!  X  1.667 )  +  ( I.IS5  >^  .70  X  5-) ]  X  -11  - 

5  43«5 

(18.45  +  30.S1)  X  45  43.5  »  40  tons. 
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This  weight  is  1.3  tons  more  than  the  average  given  by  experiment;  and  it 
IS  near  as  can  reasonably  be  expected,  considering  the  variable  elements 
of  the  data.  But,  even  this  small  eicess  may  be  expkdaed  away;  for  a 
sectional  area  of  6.88  square  inches,  at  zo.a  lbs.  per  square  inch,  gives  a 
wei^  of  70  lbs.  per  yard,  whilst  the  actual  weight  was  68  lbs.  It  is,  there- 
fore, probable  that  the  section  was  less  than  6.88  square  inches,  and  that 
the  strength,  if  it  were  calculated  from  the  exact  section,  would  be  less 

68 

than  40  tons  in  the  ratio  of  70  to  68,  or  about  (40  x  —  =  )  38.8  tons,  which 

70 

is  virtually  identical  with  the  experimental  breaking  weight^ 

Strength  of  Doublb-hkadbd  Bessemer  Sxerl  Bails  Relatively  to 
THE  Proportion  of  Constituent  Carbon. 

Mr.  Price  Williams  gives,  in  an  appendix  to  his  paper,  already  men- 
tioned, a  table  showing  the  strength  and  deflection  and  set  of  double- 
headed  steel  rails,  of  86  lbs.  per  yard,  $)4  inches  deep,  manufactured  by 
Sir  John  Brown  &  Ca  for  me  Great  Indian  Peninsula  Railway.  The 
sectional  area  was  probably  8.43  square  inches.  The  experiments  were 
made,  under  Mr,  Berkley's  direction,  with  rails  containing  various  propor- 
tions of  carbon.  The  following  table  is  reduced  from  Mr.  Price  Williams* 
table,  and  it  shows  a  notal)le  correspondence  between  the  percentages  of 
constituent  carbon  and  the  breaking  load  applied  at  the  middle;  for  whilst 
the  carbons  increase  from  .40  to  .55  per  cent.,  the  ultimate  loads  increase 
from  40  to  52^  tons. 

Table  No.  233. — ^Transverse  Strength  of  Doublb-hbadbd  Bessemer 

Steel  Rails.  1864. 

Span  43.5  indies.   Load  applied  at  the  middle. 
(To  show  tiie  tnflnence  of  the  cjoMUluenl  caifaon  on  the  strength.) 


Constituent 

Ukisiate  ScraDSth. 

Elastic  StreQi;tb. 
(Deduced  flwu  die  expeninciitB! 

data.) 

LmmL 

Deflecnoo. 

Set. 

LOMI. 

Deflectioii. 

per  cent 

• 

tons. 

indnei. 

per  cent 

iiidiei. 

.40 

40 

3.94 

374 

15 

37.5 

.10 

.01 

.46 

40 

2.64 

2.34 

20 

SO 

.14 

.05 

.49 

50 

4.18 

377 

22.5 

45 

.165 

•03 

.50 

52-5 

4.68 

4.28 

22.5 

43 

.130 

.01 

*55 

53-5 

4.40 

4.03 

35 

48 

.10$ 

.04 

Thirty  Bessemer-steel  rails,  manufactuied  at  Barrow-in-Fumess,  were 
anal3rzed  and  tested  in  different  ways  for  strength.  The  tensile  strength 
increased  generally  with  the  proportion  of  carbon  in  the  steel,  as  may  be 
seen  from  the  following  abstract  for  thirty  rails,  from  a  table  given  by- 
Mr.  J.  T.  Smith:^— 


*  Mr.  Baker  arrives  at  a  breaking  weight  of  38.9  tons  by  means  of  the  ingeaious  diagram- 
matiG  redaction  ahcady  noticed. 

"'On  Bessemer  Steel  Rails,"  in  the  Proceedings  of  the  ImHtuHon  of  OvU  Engineen^ 
>S74-75»  vol-  xhi«»  P«Be  74- 
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Tciisilt.-  Strength 
per  square  inch. 

.38    30.90 

.29    32.60 

.30    32  94 

'31    32.67 

•32    33  04 


Aveia^  .30 


13*43 


Hakd  Rmu. 

per  nquaxe  iDca. 
per  cent.  Umu 

.36    $1-01 

.39    41-41 

.40    37-68 

.43    39-IO 

.44    41.02 

.45    44.00 

SO    45-79 

•57    50-43 


•44 


42.05 


Rails  of  Unstmmetrical  Section. 


The  general  rule  at  page  517,  is  applicable  for  the  calculation  of  the  trans- 
verse strength  of  bridge-rails  and  flange-rails,  whicli  are  the  only  varieties  of 
rails  that  are  not  symmetrical  in  section.  That  rule  embodies  the  hnal  cal- 
cnlatkm  fommlaled  in  equation  (  25 ),  page  516,  in  terms  of  the  total  tensile 
leststaaoe  of  the  section,  and  the  vertical  distance  apart  of  the  centres  of 
tension  and  compression.  F^om  that  equation,  it  follows  that  W /  =  4  S 
and,  as  S  is,  by  the  sixth  step  of  the  rule,  page  517,  equal  to  1 .73  j  x  (sum  of 
ist  prodncts,  teiisional)-;.^,^  in  which  //,  is  the  height  of  the  neutral  axis 
above  the  base,  by  subrtitutioii,  W/=  4  x  .-73^  "(sum  of  ist  products)  xrf, 


and,  putting  A  =  the  sum  of  the  ist  products, — 

««.   6.92  sd^A 

6.92  i/,  A 


(3) 
(4) 


W=:the  breaking  weight  at  the  centre,  in  tons. 

s  =  the  ultimate  tensile  strength  of  the  metal,  in  tons  per  square  inch. 
4/3= the  vertical  distance  apart  of  the  centres  of  tension  and  compression, 


A,  ■  the  height  of  the  neutral  axis  above  die  base  of  the  section,  in  inches. 
/=the  span,  in  inches. 

A  =  the  simi  of  the  products  obtained  by  multiplying  the  areas  of  the 
strips  of  the  reduced  section  under  tensional  stress,  l)y  their  mean  distances 
respecti\  ely  from  the  neutral  axis,  in  inches,  as  described  in  step  4  of  the 
rule,  page  517. 

Rule  3. — To  find  iJu  Ultimate  Transverse  Strength  of  a  Rail  of  Unsym' 
mdrical  SeOiam*  i.  Divide  the  section  into  strips,  which  may  be  of  equal 
thickness,  parallel  to  the  base.  2.  Reduce  the  width  of  the  flange  portions 
in  the  ratio  of  1.73  to  i.  3.  Find  the  position  of  the  centre  of  gravity  of 
the  section  as  thus  reduced  (by  the  rule,  page  514);  it  is  tliat  of  the 
neutral  axis  of  the  total  section.  4.  Multiply  the  areas  of  tlie  strips  of  the 
reduced  section,  below  the  neutral  axis,  by  their  respective  mean  distances 
from  it;  and  also  by  the  S(juares  of  these  distances;  and  divide  the  sum  of 
tliese  second  products  by  the  sum  [A]  of  the  iirst  products;  the  quotient 
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is  the  distance  of  the  position  of  the  resultant  centre  of  resistance  below 
the  neutral  axis.  5.  Make  the  same  calculation  ( 4 )  to  find  the  position  of 
the  resultant  centre  above  the  neutral  axis.  6.  The  sum  of  the  two  dis- 
tances thus  found,  is  the  vertical  distance  apart  of  the  centres  of  tension  and 
compression.  7.  Multiply  the  sum  A  by  the  distance  apart  of  the  centres 
cf  stress,  and  by  the  ultimate  tensile  strength  in  tons  per  square  inch,  and 
by  6.92;  and  divide  the  product  by  the  height  of  the  neutral  axis  above 
the  base  of  the  section,  and  by  the  span.  The  quotient  is  the  breaking 
weight  in  tons  at  the  middle. 

Rule  4. — To  find  the  Ultimate  Tensile  Strength  of  a  Rail  0/  Utisymmetrica4 
SecHon^  when  the  Transverse  Strength  is  given.  Perform  the  same  prelim- 
inary operations  as  for  Rule  3 — ^Nos.  i,  2,  3,  4,  5,  and  6;  then,  7,  multiply 
the  breaking  weight  in  tons  at  the  middle  by  the  length  of  the  span,  and 
by  the  height  of  the  neutral  axis  above  the  base  of  the  section;  and  divide 
the  product  by  the  sum  A  (referred  to  in  Rule  3),  and  by  the  distance 
apart  of  the  centres  of  stress,  and  by  6.92.  The  quotient  is  the  ultimate 
tensile  strength  in  tons  per  square  inch. 

Note. — The  dimensions  are  in  inches,  and  the  pressures  and  weights  m  tons. 
Steel  Flange-Rails. — ^The  steel  rails  designed  by  Mr.  John  Fowler,  and 
manufactured  by  the  Dowlais  Iron  and  Steel  Company,  for  the  Metropolitan 
Railway  (Fig.  372),  are  43^  inches  high  and  6^  inches  wide  at  the  base; 

they  have  a  sectional  area  of 
8.24  square  inches,  and  weigh 
84  lbs.  per  yard.  Several  of 
these  rails  were  tested  by  Mr. 
Kirkaldy:  in  which  the  web  was 
.65  inch  thick,  the  head  2.5 
inches  wide,  and  the  flange 
6.4  indies  wide.  The  thickness 
of  the  flanges  was  .65  inch  near 
the  web,  and  .37  inch  near 
the  edge.  The  ultimate  tensile 
stren^'th  is  said  by  Mr.  Baker  to 
be  35  tons  ])er  square  inch. 

'i  o  apply  the  rule  for  the  trans- 
verse Strength,  produce  the  sides 
of  the  web  to  the  top  and  the 
bottom  of  the  section,  at  c'c"  and 
</'  el" ;  and  reduce  the  width  of  the  flange  portions,  a  a  and  b  ^,  in  the  ratio  of 
1.73  to  I,  following  the  contour-lines  a  a  and  b' b'.  Divide  the  section  into 
strips,  say  .20  inch  in  width,  and  find  the  centre  of  gravity  of  the  reduced 
section;  the  line  //,  passing  through  it,  is  the  neutral  axis,  2.51  inches  below 
the  top,  and  1.99  inches  above  the  bottom.  The  resultant  centres  of  resist- 
ance are  1.595  inches  above  and  1.779  inches  below  the  neutral  axis;  and 
their  distance  apart  is  (1.595  + 1779  =  )  3-374  inches. 

To  find  the  total  stress  in  tension,  m  the  lower  part  of  the  section,  the 
sum  of  the  first  products,  4.324  (which  is  the  same  for  tension  and  com- 
pression), is  multiplied  by  1.73  times  35  tons,  the  ultimate  tensile  strengdi, 
and  divided  by  1.99  inches,  the  distance  of  the  neutral  axis  from  die  base: — 

4»334^(35><i-73)  =  13 jons,  total  tensile  resistance. 
1.99 


d  a' 


Fig.  •Ta.—SeGKioa  of  Steel  Flanfe-ftailfMr  the 
MetropdKtaa  RaOway. 
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The  breaking  weight  at  the  middle,  on  a  span  of  60  inches,  is,  then, 

W.'?'-?6-'3-374'«4^,,^  tan.. 

This,  it  may  be  noted,  is  an  application  of  formula  (  25  ),  page  516. 

Let  the  Metropolitan  rail  be  calculated  for  its  transverse  strength  when 

upside  do\\Ti:  the  product  4.324  y  (35  x  1.73)  is  divided  by  2.51  inches, 
the  distance  of  the  upper  surface,  now  downwards,  of  the  head  of  the  rail 
the  neutral  axis : — 

4*334  X  (35  ^  ''73)  a  104.30  tons,  total  tensile  resistance  upside  down: 
2.51 

and  the  breaking  weic^t  at  the  middle,  on  a  span  of  60  inches,  is 

W-  '°4-3°  X  3  374  »  4 ^  ,3.^6  tons. 

60 

To  compare  these  calculated  results  with  the  results  of  Mr.  Kirkaldy's 
experimental  tests,  these  are,  with  Mr.  Fowler's  permission,  here  ab- 
stracted:--* 

Table  Na  234. — Transverse  Strength  of  Steel  Flanob-Rails  roR 

THE  Metropolitan  Railway.  1867. 


Span  60  inches.    Load  applied  at  the  middle. 
(Rfidiwed  bom  Mr.  Kirkaldy's  Reports.) 


Ultimate  Suength. 

Elastic  Strength.  1 

t 

Elastic 
Dcriec- 
lloll 

,  per  ton. 

Load. 

Deflec- 
tiom. 

LOMl. 

Deflec- 
tico. 

Set. 

SoUdiail,  normal  position^- 
zd  do  

A\'crnros  

tons. 

30-393 

29.632 

29.043 
28.457 
28.733 

inches. 

942 

O9 
10.54 

9.18 
14.78 

long. 

12.500 
1  1 1.607 
1 1.607 
12.500 
11.607 

percnL 

inches. 

.255 
.232 
.238 
.250 
.232 

inches. 

.022 
.028 
.030 
.021 
.030 

inches. 

T  1. 964 

41 

.2414 

.026 

.0202 

22.014 

5.42 

15.180 

69 

.290 

.040 

.0191 

Normal  position,  holes  ) 
punched  in  the  flanges.  ( 
Average  of  six  speci-  C 

15.618 

.669 

11.904 

76 

•235 

.023 

.0197 

Normal  position,  holes  ^ 
drilled.    Mean  of  two  > 

23.934 

4.51 

12.500 

52 

.267 

.025 

.0314 

JVbtf. — The  holes,  punched  or  drilled,  were  i.io  inches  in  diameter, 
.75  inch  iiom  the  edge  of  the  flange. 
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The  breaking  weight  of  the  rail  varied,  in  six  specimens,  from  28.46  tons 
to  30.39  tons;  average,  29.27  tons.    The  calculated  breaking  weight  is 
29.59  tons,  or  aboat  ^  too  in  eicess  of  the  svenge. 
Inverted,  one  specimen  broke  with  32.01  tons;  the  calculated  breaking 

weight  is  25.46  tons,  or  nearly  iji  tons  more. 
The  elastic  strength  in  this  positmi  was  gceater 
than  in  the  normal  position. 

Injiuena'  of  Holes  tn  the  Flange. — When  punched, 
the  effect  was  to  reduce  the  breaking  weight  nearly 
a  half.  When  drilled,  the  ultimate  strength  was 
only  reduced  about  a  sizth.  But  the  elastic 
stroigth  remained,  in  both  cases,  unimpaired; 
and  the  elastic  deflection  per  ton  was  poetically 
identical  in  all  cases — averaging  about  .20  inch 
per  ton. 

pt^Ri^^sSil  jjth.  Wrought-Iron  Flange- Raih.—Th^  annexed  sec- 
tion, Fig.  273,  shows  a  wrought-iron  flange-rail, 
5  inches  high,  weighing  75  lbs.  per  yard.  Ten  specimens  of  rail  of  this 
section,  of  Cleveland  manufacture,  were  tested  for  transverse,  tensile,  and 
compressive  strength  by  Mr.  Kirkaldjr.  The  samples  for  the  tensile  and 
compiesstve  tests  were  cut  from  die  middle  of  the  head  and  of  die  flange. 

Temile.  Compreaaive. 

Head: — Elastic  strength  per  square  inch  13.21  tons.    18.13  tons. 

Ultimate  strei^di    „      „   ^•93   »     •67.00  „ 

Flange: — Elastic  strength  per  square  inch....  13.62   „  — 
Ultimate  strengdi    „      „     ....21.83   »>  — 

Ultimate  transverse  strength,  span  3  feet  33.60  tons. 

The  centre  of  gravity  of  the  reduced  section,  that  is,  the  neutral  axis  of 
the  entire  section,  shown  in  the  Fig.  273,  is  2^  inches  above  the  base  of  the 
section,  or  the  height  is  one-half  the  total  height  of  the  rail.  The  resultant 
centre  of  tensile  stress  is  1.974  inches  below  die  neutral  axis,  and  diat  of 
compressive  stress  is  1.683  inches  above  it,  as  indicated.  The  vertical 
distance  apart  of  these  resultant  centres  is  (1.683  + 1.9748)  3.657  inches, 
and  by  Rule  4, 

33-6x  36x2.5    ^  23.62  tons  per  square  inch, 
6.92x3.657x5.058  1     ^  — » 

the  ultimate  tendle  strength  of  the  wrought-iron  flange-rail,  in  its  lower  or 
flange  pordon. 

Deflection  of  Rails. 

DmibUiMded  Rmlt, — Fonrndas  for  die  deflection  of  double-headed  ndls 
are  deduced  by  equating  the  values  of  the  tensile  strength  per  square 
inch,  given  by  formula  ( 2  ),  page  662,  and  by  formula  ( 2 ),  page  528 ;  thus : — 

W  /  4  ^/  E  D  , 
  =  - — - — ;  whence, 


(4«'^'+i.i55/'^')  ^' 
W/3-4i^ED(4fl'~+r.i55  /'/•)-4ED(4tf'^'+i.i55/'<^ 
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From  tbis  eqnation^  the  ioUowiog  values  of  D  and  £  aie  deduced: — 

4E(4tf'^''N-i.i55/V^) 

E.^   . 

4D(4tf^/^'  +  i.i55^'^')  ' 

The  values  of  E,  by  formula  (  6  ),  for  the  rails  tested  by  Mr.  Price 
Wiiiiaiiib,  as  detailed  in  table  No.  232,  page  663,  are  as  follows: — 

IwB  M%  MMmM.  SMd  Kaik»  doubU-beaded. 

E.  E. 

L    11,146    A    i3»038 

N    10,571    B    13,588 

M    9,683    C    12,98a 

P    "i457    I>    X3f007 


Aveiages^.   10^964    I3»"54 

That  is,  the  iron  rails  were  extended,  say,  V",ooo  of  their  length  per  ton  of 
teasik  stress  per  square  inch  of  sectum;  aikd  the  sted  lafls  vera  eitended, 
say,  '/x3.aoo  of  their  losgth  per  ton  per  square  mch.   It  has  already  been 

deduced  from  direct  experiments  on  the  elongation  of  bars  (see  pages  623, 
624),  that  the  extension  of  iion  was  from  V10.000  to  V13.000       of  the  length, 

and  that  of  steel  was  '/i 3,000  part  of  the  length,  per  ton  per  square  inch. 
Thus,  the  tleductions  from  experiment  on  transverse  resistance,  arc  strongly 
corroborated  by  the  results  of  ex|>eriment  on  direct  tensile  resistance. 

Substituting  these  values  of  E,  in  round  numbers,  in  formula  (  5  ),  the 
following  formulas  for  the  deflection  of  iron  and  steel  rails,  like  those  tested 
by  Mr.  Price  Williams,  are  derived  t^— 

D^eOiQi^  of  D^thmdtd Hails,  7vUhin  the  MlasHc  limit,  Laaded  ai 

Middle. 

Iron   D-  — r^J-    (  7  ) 

44yooo  (4  a'  d^'-h  1.155  fd^)  ^  '  ' 

Steel   D=    .   (8) 

52,000 (4a'i/''^+i.i55/V3)  •  ^  ' 

Dsthe  deflection  at  the  middle,  in  inches. 
Wsdie  load  at  the  middle,  in  ton& 

a'sthe  net  sectional  area  of  one  flange,  in  inches  (excluding  the  central 

portion  pertaining  to  the  web). 

</=the  total  depth  of  the  rail,  in  inches. 
d''  =  the  vertical  distance  apart  of  the  centres  of  the  tlanges,  in  inches. 
/'  =  the  thickness  of  the  web,  in  inches, 
/  =  the  length  of  span  between  the  supports,  in  inches. 

JFtange-Rails, — By  a  similar  process,  equating  the  values  of  x,  given  by 
formula  (  4  ),  page  665,  and  by  formula  (  2  ),  page  528,  formulas  are  deduc- 
ible  for  the  deflection  of  flange-rails  within  elastic  limits: — 
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WM    ^4^ED  andW/»A..6.92x4x^fi/,EDA; 
6.92  ^3  A  /" 

whence  the  following  values  of  D  and  £: — 

^  27.68  dd^-HM  ^  ^  ' 

 (10) 


27.68^^^3  DA 

To  find  the  value  of  £  by  the  fonnula  (  10  ),  for  Mr.  Fowler's  sted  rail, 
investigated  at  page  666,  for  which  the  value  of  the  quantity  A  is  6.983: — 

iy  _  1 1.964  tons  X  60  inches' X  1.99  inches  _  y^^j^ 


27.68  X  4.5  inches  x  3.374  inches  x  .2414  inch  x  6.983 

That  is  to  say,  the  flange  of  Mr.  Fowler's  steel  rail  is  extended  Vrad*  part 
of  its  length  per  ton  of  tensile  stress  per  square  inch.  This  fraction  is 
considerably  greater  than  the  fraction  that  was  found  for  the  double-headed 
steel  rails  tested  by  Mr.  Price  Williams,  averaging  '/,3,ooo  part.  The  greater 
extensibility,  nearly  twice  as  much,  is  in  accordance  widi  the  relative  tensile 
Strengths  of  the  steels  of  which  the  different  raSIs  were  made — 35  tons  per 
inch  for  the  ftange-rail,  and  45  tons  for  the  double-headed  rails. 

Substituting  in  formula  ( 9 ),  the  value  of  E,  just  found,  the  formula  is 
reduced  to  the  following  form  for  the  deflection  of  steel  flange-rails  like 
Mr.  Fowler's: — 

D^edion  of  Sted  FktngB'Rails^  within  the  Elastic  Limit ^  Loaded  at 

theMiddk. 

  /„) 

200,000  d d^K  ^ 

To  find,  in  the  absence  of  data,  the  probable  numerical  constant  for  the 
deflection  of  iron  flange-rails,  let  the  constant  in  this  formula  be  reduced  in 
the  ratio  of  52,000  to  44,000,  the  correlative  constants  for  steel  and  iron,  in 

formulas  (  7  )  and  ( 8 ):  or  to  200,000 x  ^  =  170,000: — 

52  ' 

D^leOim     Iron  JFiangt-Jtaih,  wUhin  the ElasHe  Limii,  Loadedat 

the  Middle, 

Wy^^.    U2) 

D  =  the  deflection  at  the  middle,  in  inches. 
W  =  the  load  at  the  middle,  in  tons. 

i4,  =  the  height  of  the  neutral  axis  of  the  reduced  section,  above  the  base 
of  the  section,  in  inches. 

^sthe  total  hei^^t  of  the  rail,  in  inches. 

^3  =  the  vertical  distance  apart  of  the  centres  of  tension  and  compression, 

in  inches. 

the  span,  in  inches. 
A=the  sum  of  the  products  obtained  according  to  Rule  3,  page  665. 
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STEEL  SPRINGS. 

The  author,  in  1854-55,  investigated  the  elastic  strength  of  laminated 
springs,  in  his  work  on  Railway  Machinery^  and  he  deduced  the  following 
formulas  for  their  elasticity  and  working  strength : — 

^-'■^    <"3) 

E  =  the  elasticity,  or  deflection,  in  sixteenths  of  an  inch  per  ton  of  load. 

S  ~  the  working  strength,  or  load,  in  tons. 

/s  the  span  when  loaded,  in  inches. 

^sthe  breadth  of  plates  in  inches,  supposed  uniform. 

^-  the  thickness  of  plates  in  sixteenths  of  an  inch. 

if  s  the  numbor  of  plates. 

Rules  for  the  Elasticity  of  Laminated  Springs. 

Rule  i. — To  find  the  elasticity  of  a  laminated  spring.  Multiply  the 
breadth  in  inches  by  the  cube  of  the  thickness  of  each  plate  in  sixteenths 
of  an  inch,  and  by  the  number  of  plates  ;  multiply  the  cube  of  the  span  in 
inches  by  1.66.  Divide  the  second  product  by  the  first  The  quotient  is 
the  elasticity  in  sixteenths  of  an  inch  per  ton  of  load. 

Rule  2. — To  find  the  span  due  io  a  given  ekatidty^  and  number  and  size 
of  plates.  Multiply  the  elasticity  by  the  breadth  in  inches,  and  by  the  cube 
of  the  thickness  in  sixteenths,  and  by  the  number  of  plates;  and  divide 
by  1.66.  Find  the  cube  root  of  the  quotient  The  result  is  the  span  in 
inches. 

Rule  3. — To  find  the  number  of  plates  due  to  a  given  elasticity,  span,  and 
size  of  plate.  Multiply  the  cube  of  the  span  in  inches  by  1.66.  Multiply 
the  elasticity  by  the  breadth  of  plate  in  inches,  and  by  the  cube  of  the 
thickness  in  indies.  Divide  the  first  product  by  the  second.  The  quotient 
is  the  number  of  plates. 

Note  I. — The  span  and  the  elasticity  are  those  due  to  the  spring  when 
weighted. 

Note  2. — When  extra  thick  back  and  short  plates  are  used,  they  must  be 
replaced  by  an  equivalent  number  of  plates  of  the  ruling  thickness,  prior 
to  the  application  of  Rules  i  and  2.  This  is  fountl  Ijy  multij)lying  the 
number  of  extra-thick  plates  by  the  cube  of  their  thickness,  and  dividing  by 
the  cube  of  the  ruling  thickness.  Conversely,  the  number  of  plates  of  the 
ruling  thickness  given  by  Rule  3,  required  to  be  removed  and  replaced  by 
a  given  number  of  extra-thick  plates,  are  found  by  the  sam6  calculation. 

Note  3. — It  is  assumed  that  thft  plates  are  similarly  and  regularly  formed, 
and  that  they  are  of  uniform  width,  and  but  slightly  tapered  at  the  ends. 

Rules  for  the  Working  Strength  of  Springs. 

Rule  4. —  To  find  the  working  straigth  of  a  laminated  spring.  Multiply  the 
breadth  of  plates  in  inches  by  the  square  of  the  thickness  in  sixteenths,  and 

^  Railwtgf  Maekmay,  1855,  fwge  242.  Also,  Xmhaay  Loeametivat  i86a 
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by  the  number  of  plates;  multiply  the  working  span  in  inches  by  11.3. 
Divide  the  first  j^roduct  by  the  second.  The  quotient  is  the  working 
strength  in  tons  of  load. 

Rule  5. — Jbtd  the  waking  dm  i^^^gimn  wprking  strength^  md 
Humher  and  me  of  plates,  Mukiply  the  fafeadtfa  of  plate  in  inches  by  the 
square  of  the  thickness  in  sixteenths,  and  by  the  number  of  plates;  multi- 
ply the  working  strength  in  tons  by  11.3.  Divide  the  first  product  by  the 
second.    The  quotient  is  the  working  span  in  inches. 

Rule  6. — To  find  the  number  of  pleites  due  to  a  given  working  strength^ 
span^  and  size  of  plate.  Multiply  the  working  strength  in  tons  by  the  span 
in  inches,  and  by  11.3;  multiply  the  breadth  of  plate  in  inches  by  the 
square  of  the  thickness  in  sixteenths.  Divide  the  first  product  by  the 
second.   The  quotient  is  the  number  of  plates. 

Rule  7. — To  find  the  required  originai  eoa^au  ef  the  spring.  Multiply 
the  dasticity  in  sixteenths  per  ton  by  Ae  working  strength  in  tons,  and  add 
the  product  to  the  desired  working  compass.  The  sum  is  the  whole 
original  compass,  to  which  an  allowance  of  from  ^  to  V*  should 
be  added,  for  the  j permanent  setting  of  the  spring. 

Note  I. — The  span  is  that  due  to  the  form  of  the  spring  when  weighted. 

Note  2. — Extra  thick  back  or  short  plates  must  be  replaced  by  an 
equivalent  number  of  plates  of  the  ruling  thickness,  before  applying  the 
Rules  4  and  5.  To  find  this,  multiply  the  number  of  extmpthick  plates  by 
the  square  of  their  thickness,  and  divide  by  the  square  of  the  ruling  thick- 
ness. Conversely,  the  number  of  plates  of  the  ruling  thickness  given  by 
Rule  6,  required  to  be  removed  and  replaced  by  a  given  number  of  ex&a^ 
thick  plates,  arc  found  by  the  same  calculation. 

Helical  Springs. — Most  of  the  data  on  the  strength  of  helical  springs  are 
indefinite  and  contradictory.  It  may  be  assumed  tliat  the  elasticity,  or 
deflection  per  unit  of  load,  is  as  the  fourth  power  of  the  diameter  or  of  the 
side  of  the  bar,  if  round  or  square,  of  which  the  spring  is  constructed;  as  the 
cube  of  the  mean  diameter  of  the  coil  or  helbc,  as  the  number  of  free  coils 
of  the  springs,  and  as  the  load  applied.  In  the  Rq>ort  on  Safety  Valves^"' 
the  following  formula  is  pcopounded: — 

E-^'^"^  (1) 

E  -  Compression  or  Extension  of  one  roil,  in  inches. 
d  =^  diameter  from  centre  to  centre  of  steel  bar  composing  the  spring,  in 
inches. 

w  -  the  weight  applied,  in  pounds. 

D  =  the  diameter,  or  the  side  of  square,  of  the  steel  bar  of  which  the  spring 
is  made,  in  idtfas  of  an  inch. 

C  =  a  constant  which,  from  experiments  made,  may  be  taken  as  as  Ibr 
round  steel,  and  30  for  square  steel 

The  deflection  for  one  coO  is  to  be  multiplied  by  the  number  of  firee  coils, 
to  obtain  the  total  deflection  for  a  given  spring. 

>  Tramaeiiutt  efike  /MtHuHen  pf  Engineers  and  Ship-builders  in  SteOdnd,  1S74-75, 
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It  is  also  stated  in  the  Report  that  the  relation  between  the  safe  load, 
size  of  steel,  and  diameter  of  coil,  has  been  deduced  from  the  \\  orks  of 
Plofessor  Rankine;  and  that  it  may  be  taken  for  practical  puqjoses  as 
foQows: — 

D  =  for  round  steel,  ( 2  ) 

3 

D=  \/^^'  ^o'  square  steel  { 3 ) 


ROPES— HEMP  AND  WIRK 
Hempen  Ropes. 

By  the  old  ro]»emakcrs'  rule  the  breaking  strength  in  hundredweights 
was  equal  to  lour  times  tlic  square  of  the  girth  of  the  rope  in  inches.  This 
IS  equivalent  to  Gregory's  rule,  by  which  the  breaking  strength  in  tons  was 
equal  to  one-fifth  of  the  square  of  the  girth  in  inches.  The  square  of  half 
the  girth  represented  the  weight  in  pounds  per  &thom.  The  following  table 
of  the  strength  of  cordage,  is  reduced  from  Mr.  Glynn's^  data.  The  ropes 
recorded  in  the  second  part  of  the  table  are  machine-made  ropes.  Made 
by  the  warm  register,  the  rope  is  stronger  and  more  durable  than  by  the 
cold  register,  as  it  is  more  thoroughly  penetrated  by  the  tar.  But  it  is 
less  pliable,  and  cold-register  rope  is  now  generally  used  for  cranes,  and 
block  and  tackle. 


Table  No.  235. — Breaking  Strength  op  Tarred  Hemp  Ropes. 

(Reduced  from  Mr.  Glynn's  data.) 


81m  of  Rope 

Made  br  the  OM  Method. 

1 

Made  hjr  the  Register. 

Girth. 

Diameter. 

Common 
Supie 
Heoip. 

Best 
Petcnbutg 

Cold 
Refister. 

Wann 
Royaler. 

inches. 

3 

3^ 

4 

u 

6 

6/2 
7 

inches.  ' 

•95  1 
I. II 

1.27 

1.43 

1.59 

1.75 

1.91 

2.07 
2.24 
2.39 
2.54 

tons. 
2.22 

3-33 
392 
4.60 

5-95 

8.10 
9.16 
10.24 
11.15 
12.00 

tons. 
2.70 

3-?7 
4.67 

7.0I 

9.65 
10.54 
12.26 

1373 
14.30 

tons. 

5.00 

5.85 
7.29 

9.15 

iix»7 

10.94 
15.46 
18.00 
20.60 

23.43 

tons. 

3.85 
5.25 

6.85 

8.68 
10.71 

13.00 

14.80 
iS.io 
21.00 
24.10 
2742 

Specimens  of  white  2-inch  rope,  exhibited  at  Kew  Gardens,  bore  the 
foUowing  breaking  weights 

^  Oh  the  Comtruction  0/  Cmtus  and  Machmny^  page  94. 
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2-inch  Neapolitan,   2.75  tons,  breaking  weight 

Konigsbeigy   1.97 

French,   2.17 

St  Petersbuig,   2.17 

Italian,   2.32 

Specimens  of  rope  supplied  by  the  National  Association  of  Rope  and 
Twine  Spinners,  were  tested  by  Mr.  Kirkaldy. 


M 


If 

» 
ft 

ft 


99 
99 
99 


Rope 

Grcumfer- 

4tt08a 

Weight  per 
Fathooi. 

Ultimate 

iouO. 

Strength. 

Per  Lb..w'ght 
per  Fathom. 

inches. 

tons. 

tons. 

5.26 

574 

4.95 

.863 

5.07 

.961 

5-39 

6.04 

8.16 

1.350 

Extetuion  in  so  inches  Length.  Stress  per  Pbttnd-weight  per  Pathooi. 


500  lbs. 

1000  lbs. 

1500  lbs. 

flooolhs. 

1500  lbs. 

3000  lbs. 

inches. 

inches. 

inches. 

bdiM. 

iachea. 

tnchet. 

3.38 

5.29 

6.59 

3-25 

4-53 

S.56 

6.56 

3.26 

4.46 

5.29 

591 

6-35 

6.63 

The  bearing  capacity  of  a  hemp  rope  is  proportional  to  its  thickness,  the 
number  of  its  strands,  the  slackness  with  which  they  are  twisted,  and  the 
quality  of  the  hemp.  Karl  v  on  Ott  states  that  ropes  0.866  inch  in  diameter, 
whose  threads  had  been  shortened  by  twisting  '/j  th,  j^th,  and  }id  of 
their  original  length,  broke  respectively  with  loads  of  6834  lbs.,  5335  lbs., 
and  4519  lbs.  He  adds  tluu  the  ultimate  strengtii  uf  rojjes,  according  as 
they  are  wetted,  or  tarred,  ur  dry,  usually  varies  between  7000  lbs.  and 
1 1,400  lbs.  per  square  inch,  and  that  a  working  strength  of  one-sixth,  say 
1422  lbs.,  or  0.63  ton  per  square  inch  may  be  adopted. 

Wire  Ropes. 

The  strength  qf  wire  ropes  of  non  and  steel,  manufactured  by  Messrs. 
R.  S.  Newall  &  Co.,  is  given  in  table  No.  236,  together  with  that  of  hemp 
rope,  for  comparison.   From  the  table,  the  following  data  are  derived: — 

I.  The  Breaking  Strength  is — 

About  I  ton  per  lb.  weight  per  fothom  for  round  hemp  rope. 


3  to  3  '^ 


99 


ft 
99 


99 
99 


iron 
steel 


99 


2.  The  Working  Load  is — 

^  cwts.  per  lb.  weight  per  fathom  for  round  hemp  rope. 


10 


uron 
steel 


99 


n  n  n  n 

99  99  99  99 

3.  The  Woridng  Load  in  Cwts.  is^ 

5/6ths  of  the  squaie  of  the  circumference  in  inches,  for  round  hemp  rope. 
About  5  times        »  »  »  mi*         iron  „ 

9  times        „  99  n  MM  steel 
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Table  No.  256. — Strbngth  of  Ropes— Hemp,  Iron,  Stbbu 

(Meam.  R.  S.  NewaU  &  Co.) 
L  Round  Ropis-^r  Indined  Planes,  Mines,  CoUiertes,  Ships'  SUnding  Riggings  ftc. 


Hbmf. 


CilCUUIr 

inches. 
...  2X  ... 

pounds. 

...  a  ...i 

...  31^  ... 

...   4  ...| 

...  4;^  ... 

...   s  ... 

1 

...  sH ... 

...  7  ...1 

...  7  ... 

...  ... 

1 

...  8  ... 

...    16  ...1 

1 

...    18  ...1 

...  9^... 
10 

...  22  ... 
...  26 

•  «•              •  •  • 

II 

t  •  • 

...  30 

•  •  •              •  •  • 

12 

Irom. 


X  iK 

y  iX 

X 
X 

X  2J4 

X  2/4 

X2>^ 
10  X2>^ 


4 

<6 

9 


20 

24 
26 
28 

36 

40 

45 
50 

60 


Circum. 


inches. 
..  I 

..  1^  . 

..  . 
2 

..  2><  . 

..  ^H  . 

..  3M. 

3K 

..  3;i . 

..  3^  . 

4 

..  4)4  ' 
4H 

4/2 . 

4li 


>^i(ht  per 


pounds. 
I 

..  2 

•  3 

3X 
.  4 

4;^ 
.  5 

..  7 

7>i 
..  8 

8j< 

■•  9 
10 

..II 

12 

■13 
H 

\i 

..18 
20 


2>^x  „ 
2H  X  ^ 

3  » 
3Vx 

3>^x  » 
3^xH 

4  ^ 

4H^  n 


II 

13 

15 
16 

18 

20 
22 

U 

32 
34 


Stbbl. 


Tmnu  Stunotm. 


Circum. 


iH 

iH 
2 

2X 

2H 

2H 
2H 
2H 

3X 
3X 


Weight  per 
Faihon. 


pounds. 


•  •  • 

2 

2^  ... 


•  3l^  ... 

4 

•  4^  ••• 
.  5  ... 

■  s'A  ... 

6 

.  6^  ... 

I  8  ... 

.  9  ... 

.10 
12 


Working 


cwts. 
.  6 

9 

.  12 

15 
.  18 

21 

.  24 

27 

.  30 

33 
.  36 
39 
.  42 

45 
.  48 

51 

.  54 
60 

.  66 

72 

78 
84 
...  90 
96 
...108 
1  120 


2.  Flat  Ropes.— For  Pits,  Hoists,  &c.  Ac 

2Xx)^  . 


2  ^yi 

2H^H 

X 


»» 


2;^  X  ^ 

3    X  » 


•  •  • 

44. ■• 

...  20  ... 

23 

...  27  ... 

10 

64 

28 

II  ... 

12 

80 

36 

13  ••• 

...  88 

...  40  ... 

ll  ... 

100 

45 

18 

128 

20  ... 

1 
1 

1 
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Table  No.  237. — Strength  of  Cable  Fencing  Strands  and 

Solid  FkNCiNC  Wire. 

(Reduced  from  Messrs.  Fnndi  Morton  &  Ca^  ''Standard  Quality'*  Table.) 


1 

Siae  of  FcDong  Soand. 

1 

Solul  W  uc  uT 

Lenstfa  of  One  Ton. 

Ultioutte  Sticfiftb  per 
Square  Inch. 

E^iml  Diameter. 

1 

btrand. 

Wire.  1 

Strand. 

No. 

inch. 

iratds. 

yard*. 
2,700 

tOOiL 

2.419 

2.000 

No.  5/0 

I 

.300 

A  ^  

3,800 

3,200 

I»o2o 

1.003 

_)i_yviV    XT  _  .  / 
Na  ijo 

2 

.274 

5,600 

3»«5o 

1.562 

1402 

dft    No.  3/0 

3 

.250 

6,000 

4,650 

1.340 

1. 169 

No.  00 

4 

.229  ' 

6,200 

5»5<» 

1. 160 

.988 

^jj^    Na  0 

S 

.209 

7,800 

6,600 

.893 

.817 

#  Na, 

6 

.191 

9,800 

7,900 

.714 

.682 

^      Na  2 

7 

.174  . 

11,000 

9,550  1 

.627 

.566 

8 

.159 

15,000 

11,400 

491 

473 

A'fite. — The  number,  iiize,  aud  2itreni|th  of  the  Iron  Wire  quoted  in  this  l  able  are  the 
same  as  those  of  Ryhud's  WarringtoB  Wirea,  table  No.  82,  page  247. 


Table  No.  338. — Tensile  Si  rkn<,th  of  American  Iron  Wire  Rope 

AND  Hemp  Roj'e. 
(Mr.  J.  A.  Roebling.) 


Circumfer- 

Qreanfer- 

Circumfcr- 

ence  of 

Ciimmfer* 

ence  of 

Trade 

enoe  of 

Hemp 

Ultimate 

Trade 

ence  of 

Hemp 

Ultimate 

Numoer. 

Wire 

Rope  of 

Strength. 

Number. 

Wire 

Rope  of 

1  Strength. 

Rope. 

equal 

Rope. 

equal 

Strength. 

Strength. 

NOl 

tons. 
(English.) 

Na 

incbea. 

Ions. 
(English.} 

Fins  Wtaa. 

14 

3- 26 

8V 

18.2 

.  i 

6.62 

67.3 

2.98 

7X 

14-5 

6.20 

59 

16 

2.68 

6X 

n-3 

3 

544 

«3 

49 

17 

2.40 

5>^ 

8 

4 

4.90 

12 

39.6 

18 

2.12 

6.9 

1 

4.50 

10^ 

32 

19 

1.9 

5^ 

5.3 

391 

9H 

24.7 

20 

1.63 

4 

!  372 

7 

3-36 

8 

18.4 

21 

1-53 

i  2-57 

8 

2.98 

7 

14.5 

22 

1.31 

2.46 

1  1.93 

9 

2.56 

6 

10.4 

23 

1.23 

1.5 

10 

245 

S 

7.8 

24 

I. II 

2.2 

1. 16 

COARSB  Wias. 

'A 

.94 

2.04 

•94 

II 

4-45 

10^ 

33 

.88 

1.75  , 

12 

4.00 

10 

273 

27 

.78 

1.50  1 

1 

i  '51 

"3  t 

3-63; 

9fi 

22.7 
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Fretuh  Wire  Rope. — For  mining  puri>oses,  each  strand  consists  of  a  core 
of  hemp  and  12  wires;  and  the  rojie  has  5  or  6  strands  on  a  central  hemp 
core  Flat  lOpes  ne  Ibnoed  by  laying  3  or  4  ropes  side  by  side,  and 
bioding  or  laang  than  widi  annealed  wore;  but  flat  ropes  are  sekiom 
employed. 

Table  No.  239. — French  Iron  Wire  Ropes  fur  Mining  Service, 
(Maimfuctured  by  MM.  IIann^gpue%  Dumont,  &  Ca,  Anzia.) 
Working  dfiptW  400  OMlia^  or  440  yards. 


Flat  Ronu. 


Number 

of 

Strands. 

Width. 

ThickncM. 

Weight 

Working 
LomL 

9CrarKl&. 

inches. 

inch. 

touai. 

8 

51 

.87 

16 

8 

79 

13 

Is 

6 

3-9 

.83 

12 

4 

8 

4.3 

.67 

II 

3.5 

6 

3-5 

.79 

10 

3 

6 

3-2 

•67 

9 

2.5 

6 

3.2 

.63 

8 

2 

6 

a.8 

.59 

7 

1.8 

9 

2^ 

•55 

6 

1-5 

Round  Ropbs. 


NumlMr. 

Diunsier. 

Weight 

Working 
LomL 

No. 

lbs. 

tons. 

10 

1.30 

6.5 

3 

11 

I.IO 

12 

.98 

is 

13 

.83 

3 

1.5 

14 

.71 

2.6 

I 

15 

.63 

2 

•75 

16 

•59 

»-5 

•5 

17 

•5» 

1 

•25 

/(^  Table, — i.  Steel  wire  ropes  may  be  a  third  less  in  weight  than 
iron  wire  rope  for  the  working  load.  2.  Hemp  ropes  should  be  a  third 
heavier  than  iron  wire  rope  for  the  same  working  load. 

5^teel  Wire  Ropa.  —  Ropes  consisting  of  26  steel  wires.  No.  14  ^\'.  (».,  or 
.0S5  inch  in  diameter,  arc  made  for  steam  {)lou^hini;  jjurposes.  The  weight 
of  the  ro])e  is  about  2  lbs.  j)er  yard, — less  than  1  ton  per  1000  yards. 
Eadi  wire,  it  is  said,  bears  a  tendle  stress  of  from  3000  lbs.  to  i  ton; 
and,  at  this  lat^  the  rope  should  have  a  tensile  resistance  equal  to  24  or 
26  tons. 


CHAINS. 

Chains  are  constructed  either  widi  open  links,  Figs.  274  and  275,  or  with 

stud-links,  Figs.  276,  277,  278,  and  279. 

The  standard  proportions  of  the  links  of  chains,  in  terms  of  the  diameter 
of  the  bar  iron  from  which  they  are  made,  are  as  follows: — 

Extreme  Extreme  Width. 

Stud-link  6    diameters  3.6  diameters. 

nose-link  5  „   3.5  „ 

(>»].en-link  6  „   3.5  „ 

Middlc-hnk  5.5        „   3.5  „ 

End-links  6.5   .4.1  „ 

End-links  are  the  links  which  terminate  each  15-fathom  lenirth  of  chain; 
they  are  made  of  thicker  iron,  generally  1.2  diameters  of  the  common  links. 
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Ordinary  Stud-Mnk  Oudn^abk.—Hhi^  admiralty  test  for  the  tensile 
strength  of  oidinary  stnd-link  chain-cables,  is  at  the  rate  of  630  lbs.  per 
drciilar  >^-inch  section  of  one  side  of  a  link:  equivalent  to  22.92  tons  per 
square  inch  of  one  side,  or  to  1 1.46  tons  per  square  inch  of  both  sides  taken 
together,— just  within  the  elastic  limit 


Na  4.  Na  5.  Na  & 


Figs.  274-27Q.— Links  of  Chain-Cablet.    No.  i.  Circular  Link.    No.  a.  Oval  Link.    No.  i 

()v.il  Stud-I.ink,  with  panted  scitd      No  4,  (K  al  Stud-I.ink,  with  brawMlMMled  ltu£ 
No.  5,  Ubtusc -.angled  Stud-Link.    No.  6,  Pamllci -sided  btud-Liak. 

I 

The  weight  of  a  link  in  similar  cables,  increases  as  the  cube  of  any  lineal 
dimension,  say  the  tliickness;  and  the  weight  per  yard  inCKases  as  the 
square  of  the  Unckness  of  chain.    Whence  the  formula — 

Weight  per  yard  of  Common  Stud-iink  Chain-€ahle, 

W  =  36.91/*;  or,  in  round  numbers,  21  d^.  ( i ) 

W  =  the  weight  per  yard  in  pounds;  ^=:the  thickness  of  the  chain,  or  the 
bar  from  which  it  is  made,  in  inches. 

The  weight  of  a  bar  of  iron  a  yard  long  is  10  lbs.  per  square  inch  of  sec- 
tion, or  7.854  lbs.  per  circular  inch;  that  is,  a  i-inch  round  bar  weighs  7.85 
lbs.  per  yard,  whilst  a  stud-chain  cable  of  i-incfa  iron,  weighs  36.9  lbs.  per 
yard,  or  3.42  times  the  weight  of  a  i-inch  bar.  Generally,  therefore,  a  stud 
chain-cable  weighs  3.42  times  as  much  as  a  bar  of  the  same  size  and  length. 

The  table  No.  240  contains  the  dimensions,  weights,  and  strengths  of 
ordinary  stud-link  cliain-cables.  Column  4  shows  the  weight  of  100  fathoms 
of  cable  in  8  lengths;  including  4  swivels  and  8  joining  shackles.  The 
sixth  column  gives  the  ultimate  strength  by  actual  tests  made  at  Woolwich, 
in  1842-43,  averaging,  as  shown  in  the  last  column,  16  tons  per  square 
inch,  or  two-thirds  of  the  strength  of  the  original  bar,  assumed  at  a4  tons 
per  square  inch. 

The  safe  working-stress  is  5.73  tons  per  square  inch  of  both  sides 

together,  or  half  of  the  proof-stress. 

Open  link  Chains,  Figs.  274  and  275. — The  chain.  Fig.  275,  is  sometimes 
called  a  close-link  chain,  to  distinguish  it  from  the  circular-link  chain.  Fig. 
274.  The  ultimate  strength,  generally,  is  the  same  as  that  of  stud-link 
chains;  but  the  elastic  limit  is  less  than  that  of  the  others,  and  the  proof- 
stress  for  dose-link  chains  is  just  two-thirds  of  that  for  stud-link  chams,  or 
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Table  No.  240. — Ordinary  Stud-Link  Chain-Cable 

Weight  and  Strength. 


Dim 

ciMOM  of  Unk. 

Weight  of  100 

TT, 

Average 

L^Itiniate 
Strensth. 

Admiralty 

0^1  ^  II hi  HI 

per  square 

inch  of 
Both  Sides 

Dtameter 
of each 

Length 
of  One 

Width 
of  One 

Total. 

Per 
Fathom 

Proof -stress 
adopted  by 

OHM. 

f  A«lr 

Link. 

(6  Feet). 

inches. 

mcncs. 

.  . 
inches. 

cwts. 

ID9. 

loos. 

per  coiia 

toot. 

9>20 

11.3 

3 

i«o 

I« 

13.4 

^— 

3H 

2.025 

IK  TC 
10.75 

17.2 

572 

H 

2.25 

i  1 

9.58 

7 

73 

>- 

15.6 

A  A 

2-475 

22.7 

25-4 

"~ 

H 

4/i 

2.7 

27 

30.2 

13.5' 

•v  f* 

'5-3 

3- '5 

'  3"- 75 

41.2 

20.38 

111.'' 

16.9 

I 

—  ^ 

0 

3.0 
4.05 

48 

00.75 

*>9 

24.25 

29-54 

18 

22ji<' 

74 
77 

15.4 
14.9 

//a 

A  C 

7C 
/J 

8-1 

28>^ 

— » 

8X 

495 

90.75 

101.6 

^  . 

9 

He  ' 

108 

131 

59- 58 

40K 

IQi9 

9I< 

585  1 

126.75 

142 

47>i 

6.3 

147 

164.6 

74.12 

55  >^ 

74 

15.4 

"X 

6-75 

168.75 

189 

92.88 

63^ 

68 

16.8 

2 

12 

7.2  i 

192 

99-54 

72 

15.8 

216,75 

242.8 

81X 

243 

276.2 

9i>^ 

2H 

8.55 

270.75 

303- 2 

ioi>^ 

zy. 

15 

9.0 

300 

336 

2H 

I6>i 

9-9 

I  363 

406.6 

Averages,. 


72   I  15,9 


Mtte  I.— The  Sa/t  WMkhtg-sfras  Is  taken  at  half  the  ProoMcss. 
2.— The  Proof-stress  and  Safe  WorJdng'^irm  kft  dose-Uok  diaiDS  are  respectivdy  two- 
thirds  of  those  of  stud-link  chains. 

7.64  ton.s  per  square  inch  of  section  of  both  sides,  or  410  lbs.  per  circular 
^-inch  of  section  of  one  side.  The  safe  working-stress  is  half  the  proof> 
stress,  or  3.82  tons  per  square  inch  of  section. 

The  weight  of  close-link  chain  is  about  three  times  the  weight  of  the  bar 
from  which  it  is  made,  for  equal  lengths. 

Karl  von  Ott,  comparing  the  weight,  cost,  and  strength  of  the  three 
materials,  hemp,  iron  wire,  and  chain  iron,  concludes  that  the  proportion 
between  the  cost  of  hemp  rope,  wire  rope,  and  chain,  is  as  2:1:3; 
that,  dierefore,  for  equal  resistances,  wire  rope  is  only  of  half  the  cost  of 
hemp  rope,  and  a  third  of  the  cost  of  chains. 


LEATHER  BELTING. 

According  to  the  experiments  of  Messrs.  Briggs  and  Towne,  the  tensile 
strength  of  single  leather  belts,  .219  inch  thick,  was, 

Per  Per 

inch  wide.  inch  of  Section. 

Through  the  lace-holes,  ,             210  lbs   960  lbs. 

Through  the  rivet-holes,                     382  „    1740 

Through  the  soUd  parts,                   O75  „    3080  „ 
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Messrs.  Nocris  &  Co.'s  bdtinfps,  as  tested  by  Mr.  Kiikaldy,  gave  the 
following  results  for  ultimate  tensile  strength: — 

Table  Na  241. — ^Tensile  Strength  of  Leather  Belting. 


12  inches,. 

4     f*  . 

-     •»  • 

SlNtil.E. 

10        „  . 

s    >»  • 

4     »  . 

3^  n  . 


English 
Bcking. 


lb... 
14,861 

6,193 
5,603 

4,365 
2,942 

8,846 
4,060 

3,248 

3»«>7 


Helvetia 
Belting. 


17,622 
I  1 ,089 
10,456 
6,207 

4i237 

11,888 
5,426 
3,948 
3,377 


Spill's  machinery  hcltiii^  is  manufactured  from  flax-yarn,  saturated  with 
a  compound  substance  said  to  be  incapable  of  decomposition.  According 
to  the  annexed  results  of  tests  it  is  stronger  than  leather  belts :  ^ — 

Tendle  Sttvngth. 
per  inch  Wide. 

No.  I,         5  inches  wide,   1254  lbs. 

No.  2,         5        „    1489  „ 

N'o.  3'         10        „    1663  „ 

Leather  belt,  4        „    525  „ 

Untanncd  leather  belts  are  said  to  be  half  as  strong  again  as  tanned 
leather  belts.  Mr.  John  Mason,  of  Bulkley,  Barbadoes,  uses  belts  cut  from 
raw  rowhide,  simply  dried  in  the  sun.  They  last  longer,  he  sa}'S,  than 
leather  belts,  and  are  made  at  a  fourth  of  the  cost  of  the  latter. - 

India-rulfber  belts,  made  of  American  cotton  canvas,  cemented  in  layers 
by  vulcanized  india-rubber,  and  covered  by  a  compound  of  rubber,  ha\  e  been 
proved  to  possess  considerably  g^ter  fictional  adhedon  than  kather  belts. 


STRENGTH  OF  BOLTS  AND  Nl'lS. 

^^r.  Brufiefs  Experiments.^ -  ^\r.  Brunei  tested  the  tensile  strength  of 
screwed  bolts  and  nuts  of  Shropshire  iron,  from      inch  to       inches  in 


B 


Fig.  ->8o  —.Screw  B<ilt  .nnd  Nut. 


diameter,  applying  the  stress  between  the  head  and  the  nut,  when  16  inches 

^  Exhihitid  Machinery  of  1862,  page  423.  ' /.";.%v^/''<*'"y»  June  19,  1874. 

'  The  particulars  of  these  expeninents  are  derived  firom  the  Author^  woik  on  Reulwt^ 
Jjocomotives^  i86a 
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apart,  and  placed  as  in  Fig.  aSa  The  length  of  tlie  soewed  pan  ivas  3^ 
inches.  In  most  instances,  the  bolt  snapped  at  the  base  of  the  screwed 
part 


Total  Braaking  Weight.      Bmking  Weight  per  sq.  inch, 
tons.  ton. 

H      32 

  12    27 

  ^sH    25 

I    20    25 

  21    21 

»K    «9    «3 

To  find  to  what  extent  the  screwing  of  a  bolt  diminishes  its  tensile 
strength,  Mr.  Brunei  tested  four  ii.^-inch  bolts  and  nuts  to  the  anne.xed 
form,  Fig.  281,  on  which  the  screwed  part  was  enlarged  to  1^2  in<  Iks  in 
diameter.  The  bolts  were  broken  in  the  shank,  and  the  average  breaking 
weight  was  equal  to  25.2  tons  per  square  inch,  showing  an  addition  of 
9,2  tons  per  inch,  as  compared  witii  the  screwed  shank,  Fig.  280.  Inversely, 
it  may  be  inferred  that  the  strength  of  i^-inch  bohs  was  reduced  2.2  tons, 
^  8  per  cent,  by  screwing. 


Fig.  flti.— Scmpad  Ealaised  Bob  and  Nut 

The  heads  of  the  i^-inch  bolts  were  i)^  inches  thick,  and  they  stood 
£ist  dmiiig  all  the  trials.  The  depth  of  the  nuts  of  these  bolts  varied  from 
i}(  inch  to  ^  inch. 

Nuts  I  inch  deep,  or  Vioths  of  the  diameter,  stood  well. 
Do.    J-i      „        or  Vioths    „  „        thread  strained. 

Do.  ^     „        or  7«>ths    „  „        thread  stnpped. 

The  thread,  it  appears,  was  stripped  when  the  depth  of  the  nut  was  only 

Vj  tfas  of  the  diameter.  Nevertheless,  in  ordinary  good  practice,  a  depth 
of  half  the  diameter  has  been  found  sufficient  for  both  the  head  and  the  nut 

But  it  may  well  be  better  to  make  them  deeper,  to  allow  for  contingencies. 

U'orkifii^  Stress  for  Sireicaf  Bolts. — A  working  stress  of  tons  per 
square  inch  has  been  assi,t,med  for  screwed  bolts.  In  France,  it  has  been 
taken  as  high  as       tons  j^er  scjuare  inch. 

Whitworth's  System  of  Standard  Sizes  of  Bolts  and  Nuts, — The  thickness 
of  the  bolt  head  is  ^ths  of  the  diameter,  and  that  of  the  nut  is  equal  to  the 
diameter.  The  angle  of  the  triangular  thread  is,  in  this  system,  55**.  The 
top  and  the  bottom  of  the  thread  are  rounded  off,  and  the  reduction  so 
made  of  the  exact  height  of  the  triangle  is  one-third ;  that  is,  one-sixth  from 
the  top,  and  one-sixth  from  the  bottom.  The  actual  height  of  the  thread 
becomes  rather  more  than  '5  ths,  and  less  than  V3  ds,  or  about  65  percent, 
of  the  pitch.    See  table  No.  242,  next  page. 

For  screws  with  square  threads,  the  number  of  threads  per  inch  is  one- 
half  of  the  number  for  triangular  threads. 
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Table  No.  242. — Whitworth's  Standard  Bolts  and  Nvts. 


With  Hexagonal  Heads  and  Nuts,  and  Triangular  Threads. 


Screw. 

Hbao  AMD  Nirr. 

Dbmeter  of 
Bolt  and 
Screw. 

Diameter  at 
Bottom  of 
Ihread. 

Number  of 
Threads 
per  inch. 

1  nicKness  oi 
Head. 

1  hicknesi  of 
Nut. 

itreautn  across 
the  Flat*. 

iwfhfft 

tlwaidi. 
1     60  ... 

India. 

incliM. 

H 

48 

40  ... 

...  .swy 

...  yi 

.338 

III 

XI 

..•  .164 

3/16  ... 

It 

...     .186  ... 

24 

.210 

...  !^ 

5/16 

.241 

18 

.273 

5/16 

.601 

16  ... 

...      .328  ., 

•#  y 

.346 

14 

.383 

7/16 

.820 

...     ."^Q"?  ... 

12  ... 

.AXJ  , 

...  K 

.010 

9/16 

12 

.4Q2 

9/16 

I.Ol  I 

H 

...     .508  ... 

.547  ... 

... 

.571 

II 

.601 

"/I6 

i.aot 

.622  ... 

...    10  ... 

...      .656  ... 

...  ... 

'3/16 

.684 

10 

.711 

'3/16 

Q  ... 

...  .766 

...    ;6  ... 

'5/t6 

*795 

9 

.8ao 

I  ... 

...  .87? 

1 

1.670 

.942 

7 

.984 

1.860  1 

•  •  •              7  ■ 

...   iX  ... 

1. 161 

6 

1.203 

3.21$ 

lyL  .1 

...    1.286  ... 

6  ... 

...    1^  ... 

1.369 

1.422 

2.576 

...  ... 

...  2.758 

I.COO 

I. 64 1 

w  ^ 

3.018 

...  4>i... 

1.840 

1. 8  SO 

3-337 

2V 

...     I.Q^O  ... 

4  ... 

...  i.q6q 

...   2i(:  ... 

4 

2.078 

2>^ 

3.75 

%)i  ... 

W 

...  2.187  ... 

...     2^  ... 

2.30; 

4 

2.2Q7 

4.049 

...  2.384  ... 

...      214:  ... 

4.181 

2;^ 

j/» 

2.516 

2^ 

4.146 

33^... 

3V 

3X 

3'^  ... 

3 

...  3^... 

4>4  ... 

2M' 

...  2^... 

k 

5^  ... 

5^ 

2>^ 

6 

...  2>^... 

Digitized  by  Google 


BOLTS  AND  NUTS.  683 

The  American  standard  pitQhes  are  nearly  identical  with  the  VVhitworth 
standards. 

American  Standard  Sizes  of  Bolts  and  Nuts. 

(United  Amerioui  Railway  Master  Car-builders'  Associatioii,  in  Convention  at  Richmond* 

Va.,  June  15,  1871.) 

Rough  Bolts. — The  breadth  across  the  flats  of  the  bolt-head  and  the 

nut=  I  Y-y  diameters  +  ]A  inch. 

The  thickness  of  the  head  =  ^  diameter  +  »y,6  inch. 
The  thickness  of  the  nut=  i  diameter. 

Finished  Bolts. — The  breadth  across  the  flats  of  the  bolt-head  and  the 
nut  =  I     diameters  +  V,6  inch. 

The  thickness  of  the  head  and  of  the  nut=  i  diameter  -  Y,6  inch* 


Number  of 

Number  of 

N    V     r  I 

umber  1)1 

Diameter. 

Diameter. 

Threads 

Diameter. 

U'breads 

Thng^ 

per  Inch. 

per  Inch. 

incties. 

threads. 

inches. 

threads. 

inches. 

threads. 

X 

20 

6 

3)i 

3 

18 

6 

4 

3 

16 

SH 

4X 

7/16 

H 

1^ 

5 

^% 

13 

12 

2 

k 

^yi 

II 

h 

10 

4 

2H 

1 

4 

sH 

2H 

1 

6 

7 

k 

lyi 

1% 

7 

3H 

3X 

Table  No.  243. — Whitworth's  Stand.\rd  Pitches  for 

ScR£W£D  Iron  Piping. 


Diameter  of 
Piping. 

Niunber  of 
Threads 
par  indL 

Diameter  of 
Piptog. 

Number  of 
llureads 
per  ^ncf^i 

Di.i meter  of 
Piping. 

Number  of 
Threads 
per  inch. 

inchc;>. 

threads. 

inches. 

threads. 

inches. 

threndi. 

28 

H 

14 

II 

19 

14 

II 

\ 

19 

I 

I  I 

2 

II 

14 

iX 

II 

above  2 

II 

M.  Annengaud  gives  a  table  of  the  dimensions  of  bolts  and  nuts,  based  on 
the  average  practice  in  France.  It  is  here  translated  into  English  measures, 
for  threads  of  triangular  and  of  square  section.  The  thickness  of  the  nut 
for  triangular  threads  is  equal  to  tiie  diameter  of  the  bolt,  as  in  Whitworth's 
system.  The  depth  of  the  sc}uare  thread  is  nearly  equal  to  half  the  pitch, 
or  to  the  thickness  of  the  thread. 
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TMt  Na  344. — ARifiNOAUD's  French  SrANDAitD  Bolts  akd  Nuts. 

With  Hexagonal  Heads  and  Nuts. 


I.  TriaNgclar  TukkaI) — (Kciuilateral  Trian-jlc). 


SCIBW.  1 

1                 H«AO  AMD  MVT. 

r 

1 

I'en&Ue 
StnM. 

1 

DiMMter  of  Bolt 
unA  Screw* 

Diameter 

at  P.'jttom 
01  1  nrcad. 

Number  of 
Threads 
per  inch. 

1  Thickttc&s 
I  of 
'  rieao. 

lAICKMftS 

of  Nut. 

1  Breadth 
across  the 
r  uu. 

<  mUlimetres. 

inches. 

inches. 

threads. 

inches. 

inches. 

inches. 

11/9. 

5 

.20 

•I3 

18.I 

.24 

.20 

•55 

A  A 

44 

7-5 

.30 

.22 

16 

.30 

.30 

.§i 

.88 

170 

10 

■31 

14.1 

.38 

'39 

12.5 

•49 

.39 

12.7 

•44 

.49 

1.04 

■777 

•59 

.40 

TIF 

II. 5 

•59 

1  ^rt 

1  .  i,\t 

400 

Art 
.09 

lU.O 

'c8 

.09 

1  At\ 
1 

545 

20 

9.5 

''^ 

713 

32.5 

.89 

A  T 

.73 

I  68 

902 

tons. 

25 

.98 

.84 

8.5 

.80 

.98 

1.84 

CO 

J** 

I  18 

C\  1 

•V4 

I  18 

«to .  I  Vy 

•73 

?  c 

1.20 

6.7 

1.08 

1.38 

2.48 

.99 

4.0 

1.58 

1.40 

6.0 

I  22 

1. 58 

2.80 

1.30 

1.77 

1.56 

5.5 

1.36 

1.77 

1.20 

1.64 

1. 07 

1.74 

1.50 

1.97 

2.03 

55 

2.17 

1.92 

4.7 

1.64 

2.17 

376 

2.4 «; 

60 

2.36 

2.08 

4.4 

1.74 

2.36 

4.08 

2.92 

65 

2.56 

2.26 

4-1 

1.92 

2.56 

4.40 

3.43 

70 

2.70 

2.44 

3.8  I 

2.06 

2.76 

4.70 

3-97 

2.95 

2.60 

3.5 

2.20 

2.95 

5.00 

4- 56 

80 

3-15 

2.78 

2.34 

3.»5 

5-35 

S.I  2 

3.  Square  Thkead. 

Depth  of 
1  hrcad. 

COBS. 

20 

•79 

.072 

6.57 

1.83 

•32 

— 

25 

.98 

.00 1 

5-97 

2.01 

30 

i.i8 

5.40 

'>-»') 

— 

35 

1.38 

.10 

4-93 

2.41 

•99 



40 

'•57 

.106 

4-53 

3.63 

1.30 

45 

1-77 

.1  14 

4.20 

2.85 

1.64 

50 

1.97 

.128 

39» 

3X)7 

2.03 

55 

2.17 

•«3 

3.65  ' 

330 

2.45 

 ■ 

60 

2.36 

I  A 

• '4 

3-43  i 

350 

2.9- 



65 

2.56 

•«5 

3^23  i 

370 

342 

70 

2.76 

.158 

3.06 

3.92 

397 

/  5 

2.95 

.166 

2.92  1 

4^13 

4.56 

80 

315 

.174 

2.76 

4.36 

5.18 

85 

3-35 

.183 

2.63 

4.58 

5.H5 

90 

3-54 

.192 

2.51 

4.78 

6.56  i 

95 

3.74 

.200 

2.41 

5.00 

7- 30  1 

100 

3.94 

.209 

2.31 

5.22 

8.10 

105 

4.13 

.220 

2.22 

5-43 

8.93 

no 

4-33 

.226 

2.13 

5.66 

9.80 

"5 

4.53 

.230 

2.06 

5.87 

10.71 

120 

4.72 

.234 

2.00  1 

11.66 
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SCRE^VED  STAY-BOLTS  AND  STAYED  SURFACES. 

5^rnved  Stay-Bolts. — Sir  William  Fairbaim  tested  the  strength  of  ^-inch 
Stay-bolts,  with  ealaiged  ends,  screwed  into  f^-inch  plates  of  copper  and 


P 

m 

m 
m 

m 

FicTs.  2 

of  iron,  some  of  them  being  rivetted  or  headed  in  addition,  as  in  the 
Figs.  282  and  283. 

Bolts.  Plate.«^  Bveaking  Weight 

1.  Copper  into  copper,  screwed  and  rivetted,   7.2  tons. 

2.  Iron     into  copper,    do.  do   10.7 

3.  Iron     into  copper,  screwed  only   8.1 

4.  Iron     into  iron,  screwed  and  rivetted   13.5 


» 


00000000000000 
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Notes.— \st  Test.  The  bolt 
broke  through  the  shank. 

Test.  The  rivet-head  was 
broken  ofi^  and  the  bolt  was 
drawn  out  of  the  plate,  strip- 
ping the  thread. 

^  Test.  The  bolt  stripped 
the  thread  of  the  plate. 

Test.  The  bolt  broke 
through  the  shank;  screw  and 
plate  uninjured. 

Fiat  Stayed  /ya/^f.— Sir  Wil- 
liam Fairbaim  tested  two  flat 
boxes,  Fig.  384,  2%  inches 
iqtnre,  having  top  and  bottom 
plates  of  ^-inch  copper  and 
mch  iron  respectively,  inclosing 
a  2)^ -inch  water-space;  stayed 
with  '3  ,f,-inch  iron  stays,  having 
enlarged  ends  screwed  and 
rivetted  into  the  plates,  to  re- 
present the  conditions  of  the  •«4.-Fiat  stayed  iw 

fiiebox  of  a  locomotive.   The  stays  were  placed  at  intervals  of  5  inches 


o 
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o 
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o 
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in  the  first  box,  and  4  inches  in  the  second.  Under  the  pressure  of  water, 
the  sides  of  the  first  box  commenced  to  bulge  or  swell  between  the  stays 

at  a  pressure  of  455  lbs.  per  square  inch,  and  the  box  was  burst  at  815  lbs., 
by  the  drawing  of  the  head  of  a  stay  bolt  through  the  copper  plate,  as 

shown. 

In  the  second  box,  the  bulging  commenced  at  a  pressure  of  515  lbs.  per 
square  inch;  it  amounted  to  inch  at  1600  lbs;  and  at  1625  lbs.  one  of 
the  stays  was  drawn  through  the  iron  plate,  stripping  the  thread. 

At  the  5-inch  intervals,  rupture  took  place  when  the  stress  on  each  stay- 
bolt  was  9  tons;  at  the  4-inch  intervals,  the  ultimate  stress  was  11^  tons. 

77(f7/  Plates  of  Marine  Boilers. — Two  experimental  flat  boxes  were  tested 
at  Plymouth  Dockyard,  by  Mr.  Phillij)s.'  'I'hey  were  constructed  respec- 
tively of  7/,f,-inch  and  of  3^ -inch  iron  plates,  stayed  at  intervals  of 
15^4  inches  by  1534^  inches,  with  i^^-inch  screwed  stay-bolts  rivctted  over 
at  the  ends,  giving  a  superficies  of  240  square  inches  for  each  bolt. 
Tested  by  hydrostatic  pressure,  the  plates  were  bulged  between  the  stay- 
bolts,  and  were  finally  pushed  afl^  or  drawn  away  from  the  bolts,  under  the 
followmg  pressures: — 


Plato. 

Sectional  Area  of  Suy-bolts. 

Bursting  PrcMure 
per  Square  Inch 
of  Suriaoe. 

'IVit.-il  Prc'^sure 
for  each  buy-bolt. 

la  Body. 

AtHurwd. 

inch. 
7/16 

square  inch. 
1.48 
148 

si|uarc  inch. 

(say)  1.2 
(say)  i.a 

lb*. 
105 
140 

tons. 

11.25 

14.73 

When  nuts  were  applied  to  the  ends  of  the  stay-bolts  through  the  7/,6-inch 
plate,  they  bore  a  pressure  amountint,^  ^o  165  lbs.  per  square  inch,  on  the 
plate;  when  the  box  gave  way  at  a  nvetted  joint. 

Rules  for  Flat  Stayed  Surfaces. — Mr.  Wm.  Bury  -  propounds  the  following 
rules  for  the  staying  of  Uie  fiat  surfaces  of  marine  boilers: — tst  The 
diameter  of  the  screwed  stays  over  the  threads,  should  never  exceed  three 
times  the  thickness  of  the  plates.  2d.  The  working  steam-pressure  allowed 
per  square  inch  of  section  of  the  stay-bolts,  at  the  threads,  is  5000  lbs. 
3d.  The  formula  for  the  working  pressiue  in  pounds  per  square  inch,  with 
the  above-named  proportions,  is, — 

iia  (thickness  of  plate  in  sixteenths  inch)  *  .  , 

area  of  stayed  8urfieu:e  for  each  stay,  in  square  inches  *      ^  square  men, 

which  appears  to  agree  with  safe  practice.  Mr.  Bury  gives  the  foUowiog 
data,  by  this  rule :— - 

*  See  Engineering,  September  i,  1876,  page  185. 
'  Engin^ingt  September  15,  1876,  page  236. 
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Table  No.  245. — Proportions  of  Flat  Stayed  Surfaces  of  Boilers. 


For  a  working  pressure  of  30  lbs.  per  square  inch. 


IHametcr  of 
Stt)H>olls> 

ScctioMiJ  Area 

Area  of  Surface  for 
Mcb  Stay*bolt* 

Distance  of  Centres 
«f  Suy-boha. 

inch* 

square  inch. 

0.8 
1.0 
I.l 

1.2 

1-5 

square  inches. 

183 

200 

250 

inches. 
13 

Mr.  Bury  recommends  that  nuts  should  be  applied  on  the  uptake  ends 
of  the  bolts  outside  the  plates,  where  they  are  above  the  water-line.  He 
reckons  on  a  bursting  pressure  six  times  the  working  pressure. 


HOLLOW  CYLINDERS:— TUBES,  PIPES,  BOILERS,  &a 

Resistance  to  Internal  or  Bursting  Pressure.  Transverse 

Resistance. 

The  action  of  a  centrifugal  pressure  within  a  cylinder  is  illustrated  by 
Fig.  94,  page  274.  The  resistance  offered  by  the  sides  of  the  cylinder  to 
iDternal  pressure  transveisely,  is  not  uniformly  exerted  throughout  the  thick- 
ness of  tne  sides.  On  the  contrary,  the  resistance  varies,  and  is  a  maximum 
at  the  inner  suifiice  of  the  c)  lindor,  and  when  the  stress  on  the  inner  sur- 
face does  not  exceed  the  limit  of  elastic  resistance,  the  tensional  stress 
diminishes  uniformly  through  the  thickness  of  the  sides,  and  is  a  minimum 
at  the  outer  surface. 

For  cast-iron,  in  which  the  strain  increases  approximately  in  proportion 
to  the  stress,  this  simple  ratio  of  decree  holds  approximately  up  to  the 
bursting  strength,  which  is  measured  by  the  total  resistance  opposed  to 
breakage  when  the  internal  surfiu:e  is  strained  to  the  ultimate  limit  of  its 
tensile  strength.  But  in  the  stretching  of  wrought  iron  and  steel,  there  is 
a  break  in  the  uniformity  of  the  stretching,  at  the  yielding  point,  as  is  shown 
very  clearly  by  Fig.  222,  page  624;  for,  beyond  the  yielding  point,  the 
extension  proceeds  in  a  greatly  accelerated  ratio  with  the  stress. 

Take,  for  instance,  the  cast-iron  cylinder  of  a  hydraulic  press,  10  inches 
in  diameter  internally  and  20  inches  externally,  shown  in  cross  section  in 
Fig.  aSc.  Divide  the  thickness  of  it  into  an  indefinite  number  of  concentric 
rings  of  equal  thidmesses,  tf,  ^,  e,  d,  e;  and  suppose,  only  for  the  sake  of 
aigument,  that  the  first  or  innermost  ring  is  stretched  by  internal  pressure 
to  1 1  inches  in  diameter  inside.  All  the  other  rings  will  be  stretched  to 
larger  diameters,  in  such  proportions  that,  whilst  the  circumferential 
extension  is  the  same  for  all  the  rings,  the  increase  of  diameter  will  be 
inversely  as  the  original  diameter  of  each  ring,  so  that  the  outermost,  or 
20-uich  ring,  will  be  stretched  only  ^  inch  in  diameter,  or  half  the  diamet- 
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rical  stretch  of  the  innermost  ring.  The  comparative  stretches  of  the  suc- 
cessive rings  are  shown  by  shadings  on  the  right  side  of  the  figure;  and 
the  shadings  at  the  same  time  show  by  their  thicknesses  the  relative  stresses 
on  the  successive  rings. 


F%.  385. — Diagram  to  show  the  Stretching  of         Ffg.  986.— Diagram  to  show  the  HyperboUc  Ratio 
Hollow  Cyltnden  by  Intenial  Fresiiiie.  of  the  Strew  thnwghout  the  Thickiieas,  by  In- 

terna! Pressure. 

Since  the  stress  is  inversely  as  the  radial  distance  from  the  centre,  if  its 
values  be  represented  by  ordinates  to  the  radius  treated  as  a  base-line,  ca 
in  the  longitudinal  section,  Fig.  286,  they  will,  if  connected  at  the  ends, 
form  a  liypcrbolic  curve  a  '  e';  and  the  area  comprised  between  the  curve 
and  tiie  bue-line,  is  a  measure  of  the  total  lesistanoe  of  the  section.  Let 

r  -  the  inside  radius  c  a, 
r*  s  the  outside  radius  c  e, 

s  ^  the  maximum  tensile  stress,  in  tons  per  square  inch, 
d  =  the  inside  diameter  =  3  r, 
d'  =  the  outside  diameter  -  2  r\ 

d'  f' 

R  =  the  ratio  of  the  outside  diameter  to  the  inside  diameter 

d  r 

/  =  the  internal  pressure  in  tons  per  square  inch. 

Then,  the  rectai^lar  area  cc'  a'  a  is  a  measure  of,  or  is  equal  to,  r  x  x, 

for  a  length  of  i  inch  parallel  to  the  axis ;  and  the  area  of  resistance  under  the 
hyperbolic  curve  a  a'  c' t;  is  equal  to,  for  both  sides  (/  x  s)  x  hyp  log  R  x  2. 
The  internal  pressure  to  be  resisted,  for  i  inch  of  length,  is  equal  to  /  </, 
the  product  of  the  inside  diameter  and  the  hydrostatic  pressure  per  square 
inch;  and  it  is  equal  to  the  resistance;  that  is,j> d  =  (rxsx hyp  log  R x  2) 
Or,  pd=2rsxhy^  log  R«i//xhyp  log  R;  and 

p^sx hyp  log  R   (  I ) 

^"h^^»gR 

hyplogR=4   (3) 

■  These  fonnulas  express  the  relations  of  the  internal  pressure,  and  the 
maximum  tensile  stress  on  the  metal  at  the  inner  surfiace,  within  the  limits 
of  elastic  strength.    They  are  given  as  rules,  below. 
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Bursting  Strength, — For  cast-iron  cylinders,  the  foregoing  forinuhs  may 
also  be  employed  in  calculations  for  the  bursting  strength,  and  the  cuire- 
aponding  ultiawte  breaking  strength. 

To  calaiUtte  tiie  bunting  strength  of  wroiig^  iron  and  of  steel  €yiindei% 
let  the  base-line  cat.  Fig.  286,  represent,  as  before,  the  inside  ladins  ctky 
and  the  outside  radius  c  e.  Draw  the  verticals  cc'  and  aa\  to  measure  the 
ultimate  tensile  strength  of  the  metal  per  square  inch  ;  conceive  the  verti- 
cals to  be  bisected  at  points  which  may  be  indicated  as  c"  and  a'\  and  draw 

a' f"  parallel  to  the  base.  The  rectangle  a  a"  e"  e  \so\\V\  represent  the 
resistance  of  the  section  due  to  the  elastic  strength  of  the  material,  which 
is  uniform  throughout  the  thickness  and  is  taken  as  half  the  ultimate  tensile 
strength.  Dmw  intennediate  vertical  ordinates  timoug^  the  indial  intervals 
the  thickness,  between  a  and  c\  and  set  off  the  lengths  of  the  upper 
segments,  above  the  middle  level  a"  e",  to  represent  the  values  of  the  uni- 
formly varying  tensions  in  excess  of  the  elastic  limit,  forming  a  hyperbolic 
curve,  say,  a'  e'.  The  resistance  of  the  section  thus  treated,  consists  of  two 
parts: — the  imiform  resistance  aa"  e"    equal  to  (r  -  r)  x  }4  s;  and  the 

vuying  resistance  s'a' t'  tf^  equal  to  (rx <£.)  xhyp  log  R.  Twioe  the  sum 

2 

of  these  resistances  is  equal  to  the  internal  pressure  per  inch  of  length 
of  the  cylinder;  whence,^ 


_^(R-hhyp  logR-i)  


   (5) 

(R-Hhyp  log  R-  1} 

(iL+lqrplogiy=^+i--   (6) 

X 

RVLBS  fOlt  THB  STKENGTH  of  HolLOW  CYLINDERS,  WITHni  THE  LOflTS 

OF  Elastic  Strength. 

RxTLE  r.  To  find  the  Internal  Pressure  for  a  given  maximvrfi  tnisile  stress 
cn  the  material.  Multiply  the  hyperbolic  logarithm  of  the  ratio  of  the 
external  to  the  internal  diameter,  by  the  maximum  tensile  stress  in  tons 
per  square  inch  of  the  metal.  The  product  is  the  internal  pressure  in  tons 
per  square  inch. 

Rule  a.  Tb  find  the  TJgnsUe  Stress  im  the  sides  for  a  given  tnUr- 

nal pressure.  Divide  the  pressure  in  tons  per  square  indi  by  the  hypeitK>lic 
logarithm  of  the  ratio  of  the  external  to  die  internal  diameter.  The  quo- 
tient is  the  maximtmi  tensile  stress  on  tiie  metal  in  tons  per  square  mch. 

*  The  fomraht  (4)  b  thna  dednoed: — 

/        (r'  -  r)  X  -1 X  2  )+  (  2  (  r  X  1)  X  hyp  log  R);  or, 

^  rf=  (^!jl^x*)  +  (-ix  /  X  hyp  log  R). 


2  2 

Dft«icli]i«  bodi  sides  by 

id  2  2d  2 

and,  substitttting  R  for     ,  the  formula  for  the  pressure  becomes, 


^  j(R  +  hyp  logR-i)  

44 
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Rule  3.  To  find  the  Ratio  of  the  Outside  Diameter  to  the  Inside  Diameter, 
for  a  given  maximum  temUe  stress  on  the  sides,  and  a  gwen  internal  pressure. 
Divide  the  pressure  by  the  stress,  bo^  in  tons  per  square  inoL  The 
quotient  is  the  hyperbolic  logarithm  of  the  ratio  of  the  diameteiSi  for  which 
Uie  ratio  may  be  found  in  a  table  of  hyperbolic  logarithms. 


Rules  for  the  Burstikc  Shibngth  of  Hollow  CvLiNDBits. 

Qtstlron, 

The  rales  and  formulas  ( i ),  ( 2 ),  and  (3 ),  may  be  employed  for  calculate 
ing  die  bursting  stren^  and  the  corrnponding  ultimate  tensQe  strength, 
of  cast-iron  hollow  €3toder8» 

Wroyght  Iron  and  Steel, 

Rule  4.  7h  find  the  Bursting  Pressure  for  a  given  ultimate  tensile  strength 

of  the  material.  To  the  ratio  of  the  outside  to  the  inside  diameter,  add 
the  hyperbolic  logarithm  of  this  ratio,  and  from  the  sum  deduct  i.  Multi- 
ply half  the  remainder  by  the  ultimate  tensile  strength  in  tons  per  square 
inch.    The  product  is  the  bursting  pressure  in  tons  per  square  inch. 

Rule  5.  To  find  the  Ultimate  Tensile  Strength  of  the  material  for  a  given 
bursting  pressure.  To  the  ratio  of  the  outside  to  the  inside  diameter,  add 
the  hyperbolic  logarithm  of  this  ratio,  and  from  the  sum  deduct  i.  Divide 
twice  the  bursting  pressure  in  tons  per  square  inch  by  die  remainder  just 
found.  The  quotient  is  the  ultimate  tensile  strength  in  tons  per  square 
inch. 

Rule  6.  To  find  the  Ratio  of  the  Outside  to  the  Inside  Diameter^  for  a  given 
bursting  pressure  and  ultimate  tensile  strength.  Divide  twice  the  bursting 
pressure  by  the  tensile  strength,  and  add  i  to  the  quotient.  The  sum  is 
equal  to  the  ratio  plus  the  hyperbolic  logarithm  of  the  ratio.  The 
value  of  the  ratio  is  found  by  trial  and  error,  in  a  table  of  hyperbolic 
logarithms. 

Notes  to  Rules  i  to  6. — i.  The  hyperbolic  logarithm  of  a  number  is  equal 
to  the  product  of  its  common  logaridim  by  a.3026.  2.  The  pressure  and 
the  tensile  stress  may  be  expressed  in  pounds  or  in  hundredwe^ts,  instead 
of  tons. 

\st  Example.  —  Let  the  inside  diameter  of  the  cast-iron  cylinder  of  a 
hydraulic  press  be  10  inches,  the  outside  diameter  30  inches,  and  the 
ultimate  strength  of  the  metal  7  tons  per  square  inch;  to  fmd  the  bursting 

pressure.  The  ratio  of  the  diameters  is  (^^)  3f  of  which  the  hyper- 
bolic logarithm  is  1.0986  (see  table  No.  2,  page  61^.  By  rule  z,  the  burst- 
ing  pressure  is  (1.0986  x  7  = )  7.69  tons  per  square  mch. 

Average  Stress  on  the  Metal. — ^As  the  total  transverse  resistance  per  inch 
of  length  of  cylinder  is  equal  to  /  d,  which  is  the  product  of  the  inside 
diameter  by  the  bursting  pressure  per  square  inch,  the  avenge  stress  on  the 

metal  is  equal  to  -y-^. ;  that  is  to  say,  it  is  equal,  in  tons  per  square  inch, 

a  —  d 

to  the  product  of  the  inside  diameter  by  the  internvil  pressure  in  tons  per 
square  inch,  divided  by  the  diiference  of  the  inside  and  outside  diameters. 
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In  the  foregoing  example,  the  average  stress,  which  bursts  the  cylinder,  is 

equal  to  (i^-^LZi^s)  3.845  tons  per  square  inch  of  section — ^Uttle  more 
30-10 

than  half  the  direct  tensile  resistance  of  the  metal. 

xd  ExampU. — A  steam-boiler^  7  feet  in  diameter  inside,  of  7/16-inch 
wiought-iron  plates,  was  burst  at  a  longitudinal  double-rivetted  joint  by  a 
pressure  of  310  lbs.  per  square  inch.  The  outside  and  inside  diameters, 
d  and  d\  were  84.875  inches  and  84  inches  respectively,  the  ratio  of  which 
is  1.0104.    By  formula  (  5  )  the  ultimate  tensile  strength  was 

  310x8  620  62o_  ^  ^ 

1.0x04 + hyp  log  X.0104  -  z    1.0104 + .010345  —  I  .020745 

or  13.34  tons  per  square  inch  of  the  section  of  the  solid  plate. 

3</  Example. — cast-iron  pipe,  10  inches  in  diameter  inside,  is  ^  inch 
in  thickness.  What  is  the  bursting  strength  when  the  ultimate  tensile 
strength  of  the  material  is  equal  to  7  tons  per  square  inch?  The  ratio  of 
the  outside  to  the  inside  diameter  is  as  11.5  to  10,  or  as  1. 15  to  i;  and,  by 
formula  ( i ), 

7xhyp  log  i.i5»7x.i398«i.9786  ton, 
or  2192  lbs.  per  square  inch,  is  the  bursting  pressure. 

Approximate  Rulbs  fOR  TkAMSvsRSE  Resistancb  to  Bursting 

Pressure. 

When  the  diameter  is  very  considerable,  compared  to  the  thickness,  the 
transverse  resistance  to  bursting  pressure  may  be  taken  approximately  as 
directly  proportional  to  the  thickness  of  the  metal,  and  inversely  propor- 
tional to  the  diameter.  The  total  pressure  on  a  i-inch  length  of  section  of 
both  sides  together,  is  equal  to  the  product  of  die  diameter  by  the  pressure 
per  square  inch. 

Let  d-iht  diameter,  in  inches;  /  =  the  thickness  of  metal  at  each  side, 
in  inches;  j  =  the  ultimate  tensile  strength  of  the  metal,  in  tons  per  square 
inch ;  and  /  =  the  pressure  in  pounds  per  square  inch.  Then  dp  is  the  total 
pressure  on  a  i-inch  length  of  both  sides  together;  2  Ms  the  sectional  area 
of  both  sides;  and  2/xx  2240=^  dp,  or, 

Rule  7. — T/te  bursting  pressure  in  pounds  per  square  inch  of  surface  is 
equal  to  4480  times  the  product  of  the  thickness  by  the  ultimate  tensile 
strength  per  square  inch,  divided  by  the  diameter. 

Rule  8. — The  thickness  of  metal  required  at  each  side  is  equal  to  the 
prcxiuct  of  the  diameter  and  the  pressure  per  square  inch,  divided  by  the 
ultimate  tensile  strength  in  tons  per  square  inch,  and  by  4480. 

Rule  9. — The  uliimaie  tmsili  sirm^  in  tons  per  square  inch  of  section 
of  metal  is  equal  to  the  product  of  the  diameter  by  the  bursting  pressure  in 
pounds  per  square  inch ;  divided  by  the  thickness  of  metal  and  by  4480. 

Nofe  —^Vhtn  the  material  is  made  of  jointed  plates,  the  tensile  sticngth 
of  the  whole  plate  is  to  be  multiplied  by  the  coefficient  of  strength  of  the 
joint,  to  give  the  reduced  strength  to  be  employed  as  the  value  of  s  in  the 
calculation. 
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Longitudinal  Resistance  to  Bursting  Pressure. 

When  the  ends  of  a  cyHnder  are  closed,  and  make  one  piece  mth  the 
cylindrical  portion,  the  total  longitudinal  resistance  to  internal  pressure  is 


c  c 


d  d 


Fig.  287. — Diagram  for  the  Resistance  of  a  Flat-headed  Cylinder  to  Bursting  Pressure. 

directly  proportional  to  the  thickness  of  the  metal,  and  to  the  diameter; 
whilst  the  total  bursting  force,  acting  on  the  ends,  is  proportional  to  the 

Table  No.  246. — Experimental  Resistance  of  Solid-Drawn  Tubes  to 
Bursting  Pressure  and  Collapsing  Pressure. 


(Deduced  from  Messrs.  Russell's  data.) 
Wrought-Iron  Tubes. 


External 
Diameter. 

TTiickness. 

Internal 
Diameter. 

Bursting  Pressure,  i 

Collapsing  Pressure. 

1 

Difference 
of  Burst- 
ing and 
Collapsing 
Pressures. 

Per 
square  inch 
of 
Surface- 

Per  square  ' 
inch  of  ^ 

Section  of 
Meul 

Per 
.square 
inch  of 
Surface. 

Per  square 
inch  of 

Section  of 
Metal, 

inches. 

3V 
3 

2^ 

2X 
2 

B.W.G. 
10 
10 
1 1 
1 1 
1 1 
1 1 
12 
12 

inch. 

.134 

■134 
.120 
.120 
.120 
.120 
.109 
.109 

inches. 
2.982 
2.857 
2.760 
2.510 
2,260 
2.010 
1.782 
1.532 

lbs. 
4800 
4500 
4500 
5200 
5000 

;  5900 
5900 
5600 

tons. 
23.84  1 
21.42 
23.10  , 
24.28  1 
2  1 .02  ' 
22.06 

21-53 
17-57  ' 

i  lbs. 

1  3300 

i  3150 
3500 

3500 
3600 
4500 

1  4900 
1  4000 

tons. 
17.86 
16.40 

19.53 
17.89 

16.74 

18.82 

20.07 

14.33 

tons. 

5.98 

5,02 

3.57 

6.39 
4.28 

3-24 
1.46 

3-24 

Averages,  omitting  the  last  tube 

1  _ 

22.40 

—     1  18.20 

3 

2X 
*» 

13 

»3 
15 

17 

.09s 
.095 
.072 
.058 

HoMOr.ENEOl'S  ME' 

2.810    1,  3600 
2.060  7600 
1.856  4000 
1 .409    j  4600 

lAL  Tube: 
1  23.77 

36.78 
23.02 

24.94 

1    3150  22,20 
4600  24.32 
3500  21,70 
4000  25,02 

1^  1  13 

Bessemer  Steel  TunES. 
.095    1   1.56      1    7800  28.92 

4600       18.91     1  — 

5/.6 
5/,6 

X 

5/,6 

Hye 

I 

H 
X 

>RAL1LIC  1 
proved  to 
1  1,000 
6,000 
4,000 
12,000 

\lHES. 

'4-73 

4.29 

2.23 
2.15 

1 

1  ~ 
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square  of  the  diameter.  It  results  that  the  longitudinal  resistance  per 
square  inch  to  bursting  force  is  inversely  proportional  to  the  diameter. 
Let  the  circle  and  the  rectangle,  Fig.  287,  be  a  cross  section  and  a 
longitudinal  section  of  a  cylindrical  boiler;  the  area  of  the  circle  is  a 
measure  of  the  longitudinai  pressure  of  the  steam  on  the  ends  of  the  boiler. 
Set  off  the  interval  0  a  on  the  dicular  section,  and  the  interval  ec  on  the 
longitadhial section ;  and  dnnr the  diameters  ab^ab^  and  die  paralleb ed^  cd» 
The  areas  of  pressure  to  be  resisted  are  respectively  the  two  triangular 
spaces  ab,  and  the  rectangle  ai;  and,  since  the  former  have  only  half  the 
surtace  of  the  latter,  it  follows  that  the  longitudinal  stress  per  square  inch 
on  the  shell  is  only  half  the  transverse  stress,  and  that  the  amount  of  the 
longitudinal  resistance  is  pioportionally  twice  as  much  as  that  of  the  trans- 
verse resistance. 

On  the  wne  showing,  a  hollow  sphere  resists  twice  the  prassure  per 
square  inch,  that  a  tube  of  equal  diameter  and  equal  thickness  can  do. 

Wroughitrm  Ikibes, — Messrs.  J.  Russell  &  Sons  tested  the  resistance  of 
solid-drawn  wroug^t-iron  tubes  to  bursting  pressure,  and  to  collapsing  pres- 
Stire,  on  the  results  of  which  table  No.  246  is  based. 

The  bursting  pressure  of  the  wrought-iron  tubes  in  tons  per  square  inch 
of  section  of  metal,  appears  to  be  practically  constant;  and  it  may  be 
taken  for  practical  purposes  that  the  ultimate  strength  is  measured  by  the 
tensile  strength  of  tfie  material 

ResisUmu  of  a  Laneashir$  Boiler  to  Bursting  Pressure, — K  boiler  7  feet 
m  diameter,  made  of  7/i6>inch  plates,  was  tested  by  Mr.  L.  E.  Fletcher, 
and  bore  a  pressure  of  310  lbs.  per  square  inch,  when  it  failed  at  one  of 
the  longitudinal  seams»  which  were  double-rivetted.    Applying  rule  9, 

13.29  tons  per  st[uare  inch  of  section  uf  the  entire  plate.  I  his  instance 
formed  the  subject  of  the  2d  example,  page  638.  In  this  instance,  the 
tensile  strength,  as  calculated  by  the  exact  rule  5,  page  690,  is  13.34  tons 
per  square  inch.  This  is  .05  ton,  or  about  ths  of  i  per  cent,  more 
than  is  given  by  the  approximate  rule. 

Take  the  correctly  calculated  strength,  13. 3  4  tons,  with  the  net  secdon 
of  plate  between  the  rivets,  which  was  two-thiids  of  die  section  of  the  con- 

timious  pkte.   Then  13  34  x  A  =  ».oi  tons  per  square  inch,  the  tensile 

2 

Strength  of  the  plate  between  the  rivet-holes. 

Resistance  of  a  Cyli?idrical  Afan'nc  Boiler  and  a  Superheater  to  Bursting 
IVessure} — A  cylindrical  boiler,  1 1  feet  3  inches  in  diameter  inside,  of  ^-inch 
plates,  doubIe*metted,  was  burst  by  a  hydraulic  pressure  of  330  lbs.  per  square 

inch,  equivalent,  by  rule  9,  to  ^35  ^  23Q      =  9.241  tons  per  square  inch 

 *  7  5  ^  ^^^^ 

of  section  of  the  solid  plate.    The  rivet-holes  were  i  \/,6  inch  in  diameter,  at 
inches  pitch,  leaving  61.36  per  cent,  of  solid  metal  bervveen;  and  the 
ultimate  tensile  strength  of  metal  left  between  the  rivet-holes  was  9.241  x 

2^=,5.o6ta».persqu««inch. 

A  superheater,  99.915  inches  in  diameter  inside,  of  9/, 5-inch  plates, 
'  The  data  are  derived  from  Engtneering,  July  21,  1876,  page  47. 
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double-rivetted,  with  's/x^-inch  rivet-holes  at  inches  pitch,  was  burst  at 
the  same  time  by  a  hydraulic  pressure  of  245  lbs.  per  square  inch,  equiva- 
lent to  99-9^5  ^  ^^^  =  g.6s5  tons  per  square  inch  of  the  solid  plate.  The 

.562  X  440O 

metal  left  between  the  rivet-holes  was  67.6  per  cent  of  the  entire  section, 

and  the  resistance  of  that  metal  was  9.655  x  -^^=«  14.38  tons  per  square 
inch  of  its  net  section.  7* 

Now  the  tensile  strength  of  the  plates  of  the  boiler  and  the  superheater, 
tested  by  Mr.  Kirkaldy,  averaged  20.5  tons  per  square  inch  for  the  boiler, 
and  20.2  tons  for  the  superheater.  These  instances  have  already  been 
noticed  at  page  638,  in  the  discussion  of  rivet-joints,  and  they  forcibly 
demonstrate  the  essential  weakness  of  rivetted  lap-joints  in  very  thick 
plates.  The  net  tensile  resistance  of  the  plates  between  the  holes  was 
reduced  a  fourth. 

(Mst-Iron  Pipe. — For  a  lo-inch  pipe,  ^  inch  thick,  having  an  ultimate 
tensile  strength  of  7  tons  per  square  mch,  the  bursting  pressure  is,  by 
formula  (  7 ),  page  691, 

^^52L!L^S_1L?  =  2352  lbs.  per  square  inch. 

By  a  previous  calculation,  page  691,  with  the  exact  formula  ( i ),  the  burst- 
ing pressure  was  found  to  be  2192  lbs.  per  square  inch,  showing  that  the 
ordinary  approximate  formula  (  7  )  gives  160  lbs.,  or  7^  per  cent,  more 
than  the  correct  formula. 

Resistance  of  Hollow  Cylinders  to  External  CoLLAPSiNc 

Pressure. 

Solid-drawn  Tubes, — By  the  action  of  a  centripetal  force  on  the  outside 
of  a  hollow  cylinder,  compressive  stress  is  produced,  tending  to  collapse  the 
cylinder.  In  table  No.  246,  the  resistance  of  wrought-iron  tubes  to  col- 
lapse is  given.    It  is  less  than  the  resistance  to  bursting,  and  the  difference 

between  the  bursting  and  the  collapsing  pressures  increases  with  the  dia- 
meter, as  shown  in  the  last  column.  When  plotted  and  arranged  into  a 
curve,  or,  as  in  this  case,  a  straight  line,  the  value  of  the  difference,  in 
terms  of  the  diameter,  is  2^'S  {d-  i),  which  probably  holds  for  diameters 
up  to  6  inches.  When  the  diameter  d  is  only  one  inch,  ^/  -  i  =  o,  and  the 
difference  vanishes.  The  average  bursting  pressure  being  22.40  toiks  per 
square  inch  of  section  of  metal,  the  collapsing  pressure  is  22.40-2^ 
or,— 

CoiiaJ>sinj(  Pressure  per  square  inch  of  Longitudinal  Section  of  Metal  for 
Solid-drawn  Iron  Tubes  up  to  6  inches  in  diameter. 

/'  =  25-2^^,    (4) 

in  which  d  is  the  external  diameter  in  inches,  and  /'  is  the  collapsing  pres- 
sure in  tons  per  square  inch  of  longitudinal  section.  The  thickness  .is 
taken  as  from  '  ',,;th  to  '/25th  of  the  diameter. 

.  The  corresponding  pressure  per  square  inch  on  the  external  surfat  e  of 
the  tube,  is  equal  to  the  total  collapsing  pressure  for  i  inch  in  length  of 

the  tube,  divided  by  the  diameter;  or  it  is^  x  2^x2240.  reducing, 
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Collapsing  Superficial  Pressure  per  square  inch  (1st  fonnula). 


(5) 


>  being  the  supeifida]  pressure  in  pounds  per  square  inch,  and  /  and  d  the 

thickness  and  the  diameter  in  inches. 

The  collapsing  pressure  may  be  expressed  in  terms  of  the  diameter,  by 
substituting  in  ti^e  above  formula  (  5 )  the  value  of      in  ( 4  ),  when  it 


becomes,  by  reduction,  /  »  /  x  ( 


112000 


d 


- 1 1947),  or,  in  round  numbers, — 


Collapsing  Superfidal  Pressure  per  square  inch  (2d  formula). 

.  .        /II  2000  V  y  ^  V 

p  =  tx( — ^  12000).   (6) 

The  table  No.  247  shows  the  bursting  and  collapsing  pressures  of  solid 
•wTought-iron  tubes  of  the  usual  diameters  and  thicknesses,  calculated  by 
means  of  the  preceding  formulas : — 

Table  Na  947.~^ud-drawii  Iron  Tubes— Calculated  Burstino 

AMD  COLLAPSmO  PRESSURES. 


External 

TUdtncM. 
• 

InMnnl 
DiuMier.  ' 

Bursting  PrcMun. 

Per 
square  inch 
of  Internal 
Slur&oe. 

Per  square 
inch  of 

Section  of 
Metd. 

Per 
sfliiarc  inch 
ot Extern»l 

Per  square 
inch  of 

Sectioo  of 
MetaL 

inches. 

B.W.G. 

inch. 

inches. 

lbs. 

tons. 

lbs. 

tons. 

iX 

14 

.083 

1.084 

7700 

22.4 

6500 

21.7 

14 

.083 

1.209 

6900 

22.4 

5800 

21.3 

14 

.083 

1-334 

6200 

22.4 

5200 

21.0 

iH 

H 

.083 

1.459 

5700 

22.4 

4700 

20.7 

iH 

14 

.083 

1.584 

5300 

22.4 

4300 

20.3 

iH 

14 

.083 

1.709 

4900 

22.4 

4000 

20.0 

2 

14 

.083 

1.834 

4500 

22.4 

3700 

19.7 

13 

.095 

1-935 

4900 

22.4 

3800 

193 

13 

.095 

2.060 

4600 

224 

3600 

19.0 

12 

.109 

2.282 

4800 

22.4 

3600 

18.3 

2H 

12 

.109 

4300 

22.4 

3100 

3 

II 

.120 

2.700 

4400 

22.4 

3000 

17.0 

3X 

II 

.120 

3.010 

4000 

22.4 

2700 

16.3 

10 

.'34 

3-232 

4200 

22.4 

2700 

157 

3X 

10 

.134 

3.482 

3900 

22.4 

2400 

l$X> 

4 

10 

•134 

3732 

3600 

22.4 

2100 

14.3 

4X 

10 

.134 

3.982 

3400 

22.4 

1900 

13.7 

10 

.134 

4232 

3200 

22.4 

1700 

13.0 

10 

.134 

4482 

3000 

22.4 

1600 

12.3 

5 

10 

.134 

4.732 

2800 

22.4 

1400 

1 1.7 

9 

.148 

4-954 

3cxx> 

22.4 

I4CX5 

I  I.O 

9 

.148 

5.204 

2800 

224 

1200 

10.3 

9 

.148 

5454 

2700 

224 

IIOO 

9.7 

9 

.148 

5.704 

2600 

22.4 

1000 

9^ 

Digitized  by  Google 


696 


STRENGTH  OF  ELEMENTARY  CONSTRUCTIONS. 


Large  FumaU'Tubes. — ^The  fumaoe-tubes  of  Lancashire  and  Cornish 
boilers  vary  in  diameter  from  18  inches  to  4  feet,  and  they  are  usually  com- 
posed of  nngs  of  plates  rivetted  together.  The  resistance  to  collapse  under 

external  steam  pressure  is  derived  partly  from  the  longitudinal  tension  to 
which  they  are  subject;  and  i)artly  from  their  direct  resistance  to  compres- 
sion and  (  oUapse.  It  is  supposed  that  longitudinal  tcnsional  resistance  is 
brought  into  action  to  an  important  extent,  for  supporting  the  tube.  This 
is  a  mistaken  supposition.  The  records  of  collapses  of  furnace-tubes  show 
that  the  length  of  the  tube  was  the  least  influential  factor;  and  of  sma^  value 
unless  for  very  short  lengths  of  from  3  feet  to  6  feet  or  9  feet,  defined  by 
stiflening  rings  or  seams,  if  not  by  the  actual  length  between  the  end  plates. 
Practically,  all  the  resistance  to  collapse  of  unfortified  lengths  of  plain 
furnace-tubes  is  supplied  by  the  compressive  resistance  and  the  stifihess  of 
the  tube. 

From  the  monthly  reports  of  Mr.  Lavington  E.  Fletcher,  21  cases  of 
collapsed  iron  tubes  have  been  extracted,  comprismg  Hues  of  from  32  to 
4S  inches  in  diameter,  )  »  inch  and  inch  in  thickness,  and  from  18  to 
40  feet  in  length,  under  collapsing  pressures  of  from  40  lbs.  to  70  lb&  po" 
square  inch.  In  some  instances,  no  doubt,  the  tubes  had  been  sensibly 
worn ,  but  in  most  instances,  they  had  been  in  good  order. 

By  plotting  the  results  of  these  collapsed  tubes,  and  tracing  a  mean  curve 
through  the  plots,  the  following  formula  is  derived: — 

CottapHng  Pnssun  of  Piain  Iron  Fumaet'tubes  of  Cornish  and  Lancashire 

Steam  Boilers. 

200000/'  .  V 

/   ;   (3) 

/—collapsing  pressure,  in  pounds  per  square  inch. 

/  =  thickness  of  the  plates  of  the  fumace-tube,  in  parts  of  an  inch. 

^»  internal  diameter  of  the  fumace^be,  in  indies. 

This  formula  is  directly  applicable  to  furnace-tubes  of  any  length  greater 
than  9  feet 

From  the  results  of  liydrauUc  tests  made  at  the  Leeds  Forge,  it  appears 
that  a  plain  Hue-tube,  3  feet  i  inch  inside  diameter,  of  ^i^-inch  plate,  7  feet 
long,  bore  a  j^ressure  of  175  11  )s.  per  S(|uare  inch  before  giving  way  by 
collapse;  and  that  a  like  tube,  corrugated,  on  Fox's  system,  bore  a  pressure 
of  450  lbs.  per  square  inch  before  giving  way. 

Lead  Pipes. 

Mr.  Jardine  found  that  a  i^-inch  lead  pipe,  .20  mch  thick,  sustained  a 
pressure  of  1000  feet  of  water,  or  39  >^  atmospheres,  without  any  alteration 
of  form.  Under  1200  feet  of  water,  or  35  atmospheres,  it  bq^an  to  en- 
large; and  it  burst  under  1400  feet,  or  4.0  atmospheres,  having  swollen 

to  a  diameter  of  ij'^  inches.  A  2-inrh  pipe,  .20  inch  thick,  sustained  a 
pressure  of  800  feet  of  water,  or  23'_.  atmosj>heres,  with  scarcely  any 
enlargement;  but  it  burst  under  1000  feet,  or  29  atmospheres.  l*>om  liiese 
results  it  appears,  by  the  aid  ot  rule  2,  page  689,  that  the  elastic  strength 
of  lead  is  equal  to  15  cwts.  per  square  inch  of  sectional  area  and  tliat  the 
ultimate  strength  is  equal  to  i  ton  per  square  inch. 

*  Monthly  R^rU  to  tkt  MancJusUr  ^ikam-  Uur£  AuodatioH^  1^62-69. 
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FRAMED  WORK>-CRANES,  GIRDERS,  ROOFS^  ftc 

When  the  Wkigrt  or  Force  is  parallel  to  one  of  the  Mekbbis 

OP  the  Frame. 

For  the  puipose  of  resisdi^  the  stress  of  heavy  loads,  the  triaii£^  consti- 


Q 


Fis.  388. 


Pig.  389.  Fir.  2 c/o 

Illustrations  of  Strcs^^  in  Framed  Work. 


Fig  391. 


tutes  the  fundamental  feature  of  framed  work,  as  distinguished  from  solid 

work  or  web- work.  When  a 
load  W  is  a{)plied  direct  to  a 
vertical  pillar  ^z/^,  Fig.  288,  the 
resistance  is  in  the  line  of  the 
stress,  and  no  framework  is 
employed.  But,  if  the  load  be 
ai^lied  at  Fig.  289,  hori- 
xoBtally  apart  from  a,  the  tri- 
angular frame  a  b  c  is  con- 
structed to  carrv'  it.  Complete 
the  parallelogram  ad,  and  it 
is  seen  that,  it  the  vertical 
Stress  of  W  be  measured  by 
ah  or  cdf  the  horizontal  tensile 
stress  in  a  c,  and  the  diagonal 
coanpressive  stress  in  cS,  are 
measured  by  the  lengths  of 
these  members  respectively. 
It  is  obvious  here,  as  in  other 
cases,  that  when  a  counteract- 
ing resistance  is  opposed  ob- 
liquely to  a  weight  or  other 
fiifce,  the  resisting  stress  is 
necessarily  greater  than  the 
force;  and  that  the  diagonal 
stress  increases  with  the  over- 
hang, as  in  FVfT,.  290,  where, 
under  the  wciglus  c\  and  c'' 
successively  further  from  the 
origin  a,  die  diagonal  com- 


Fig.  993. 


«s.»w. 


6 

Fig.  995. 

IIIaitnti0Bi  of  Sttcss  in  Oblique  VnmeA  Wcwk. 


O 


pressive  resistances  r^,  (fd,  and  are  successively  increased.  The  hori- 
zontal tensional  resistances,  measured  by  ca,  c'a^  and  f'o,  are  likewise 
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successively  increased.  These,  in  fact,  being  perpendiculan  to  ab^  are 
the  leverages  of  Ae  weights  tending  to  pull  over  the  upper  end  a  of  the 
upright  a^;  and  simultaneously  to  push  out  the  lower  end  b.  The  verticals 
cdf  <fd\  and  c'cfy  equal  and  parallel  to  0^,  are  successively  the  measures 
of  the  same  weight  at  the  several  positions. 

If  a  diagonal  of  constant  length,  equal,  say,  to  ab^  be  moved  into  vari- 
ous positions,  be,  be" ^  and  bc"\  on  the  lower  end  b,  with  a  given  weight  W 
supported  at  the  end,  as  in  Fig.  291 ;  the  weight  is  to  the  thnist  in  the  dia- 
gonal, proportionally,  as  the  vertical  c c" d\  or  c"'d"\  is  to  the  diagonal; 
Slowing  that  the  thrast  in  Hbt  diagonal  increases  as  the  elevation  is  dinun- 
ished;  and  that  the  horizontal  tension  in      4^/,  and  iTtf^  also  mcreases. 

In  oblique-angled  frames,  like  Figs.  292,  293,  and  294,  the  stresses  in 
the  three  members  are  respectively  as  their  lengths.  The  horizontal 
pulling  and  thrusting  stresses  at  the  upper  and  lower  points  a  and  b  respec- 
tively, are  measured  by  the  per]:)endicular  <r' <7  or  rf,  in  Figs,  292  to  294  ; 
and  they  are  the  same  as  if  the  upper  member  had  been  horizontal,  as 
at  ac'. 


When  the  Weight  ur  Force  is  not  parallel  to  any  Leading 

Me.mber  of  the  Frame. 

The  weight  W,  Fig,  295,  is  supported  by  the  slanting  triangular  finame 
abc.  The  vertical  cd  represents  the  weight.  By  the  parallelogram  of 
forces,  the  stresses,  tensile  and  compressive,  mac  and  be,  proportionally 
to  the  weight,  are  ascertained.  Draw  the  vertical  bc\  then  the  triangle 
be' c  represents  the  three  forces  in  equilibrium: — be'  for  the  weight,  and 
be  and  e  e  for  the  thrust  and  the  pull  in  the  respective  members.  This 
triangle  of  forces  is  the  same  as  if  the  members  ec*  and  cb  had,  in  fact,  been 
fixed  to  a  vertical  wall  or  member  b^^  as  in  the  bradcet,  Fig.  293;  and  it 
is  apparent  that  wherever  the  members  ac  and  be  be  extended  to  or 
^  attached,  the  stresses  for  a  given  weight 

remain  unaltered.  The  compressive  stress  in 
the  horizontal  member  ab,  is  expressed  by 
the  horizontal  bd. 

1  he  construction  of  the  parallelogram  may 
be  dispensed  with  by  simply  drawing  the  ver- 
tical be'  forming  up  the  triaoigle  of  forces  btfe. 
The  horizontal  bd^  measures  the  thrust  in  the 
member  ab. 

Let  abc,  Fig.  296,  be  a  triangular  frame, 
with  equal  limbs  ea  and  eb  resting  on  supports  at  a  and  b,  and  loaded 
at  the  apex  by  W.  Complete  the  parallelogram  ce;  then  cc  is  the  weight, 
ed  is  half  the  weight,  and  ea  and  cb  are  the  compressive  stre.sses  in  the 
sides.  Again,  the  stresses  ae  and  be  are  resolved  into  the  vertical  pres- 
sures and  be''  on  the  points  of  support,  each  equal  to  ed,  half  the 
load;  and  the  horizontal  tensile  stresses  ad  and  bd,  in  the  lower  member, 
equal  and  opposite  to  each  other.  One  of  these,  or  the  half  of  a^,  is  the 
measure  of  the  tension  in  this  member. 

Otherwise,  by  equality  of  moments: — ]i  y  /  d  y  tension  in  ab;  in 
whi(  h  d  {=  ^2  W)  is  the  depth  ed,  and  /  is  the  span  ab.  Thence,  ^  /= 
ad,  is  tht  tension  in  ab. 


Fig,  296. — Elanentary  Tnus. 
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Forther,  reducmg  the  equation  of  moments, 

tension  in  a^=^    (  A) 

4// 

Or,  the  tension  in  the  horizontal  member  ad  is  equal  to  the  product  of  the 
weight  by  the  span,  divided  by  4  times  the  rise. 

The  horizontal-  thrust  at  the  apex  is  c(}ual  to  the  tension  in  ad. 

The  lengtli  of  the  inclined  members  ac  and  cd,  in  terms  of  the  span  and 

the  rise^  *-  a/ span)' + rise';  from  which  the  stress  in  these  members 
is  given. 

Framed  Girders — ^The  Warren-Girder,  Loaded  at  the  Middle. 

Let  two  equilateral  triangles  or  bays,  like  Fig.  296,  be  framed  together  as 
in  Fig.  297,  forming  in  all  three  triangles;  and  loaded  at  the  middle.  Com- 
plete the  paiallelogiam  de,  and  the  weight  measured  by  d€  is  resolved  into 
the  tensile  stresses  and  dA  Each  of  these  is  resolved  into  two  com- 
pressive stresses: — c'a  and  c^d  to  the  points  of  support,  and  c't^  and  c'c' 
equal  and  opposed  to  each  other.  The  thrusts  at  a  and  i  are  resolved  into 
the  vertical  components  ac'"  and  /fc^,  each  equal  to  cd,  half  the  weight, 
resisted  and  carried  by  the  supports  at  a  and  d ;  and  the  horizontal  com- 
ponents ad'  and  dd",  equal  and  opposite  to  ea(  h  other,  and  each  of  them 
exhibiting  the  tensile  stress  in  the  lower  member  ad. 


Fnined  Gudm— the  Wanoi-GIider. 


The  compressive  stress  in  the  upper  member  c'  c"  is  double  the  tensile 
stress  in  the  lower  member  a  b. 

Suppose  a  girder  of  five  equilateral  triangles,  P  ig.  298,  having  three  bays 
below  and  two  above,  loaded  at  the  central  apex  e.  Complete  the  parallelo- 
gram ce\  the  weight  ce  is  resolved  into  the  thrusts  cd  and  cb\  which  are 
resolved  into  opposing  tensions  a'b'  and  b'a\  and  tensions  and  b'c". 
These  tensions  are  resolved  into  opposing  thrusts  ^-V  and  c,  and  thrusts 
£  a  and  c"  b  which  terminate  at  the  points  of  support  a  and  b.  These 
final  thrusts  are  resolved  into  the  vertical  components  ac  "  and  bc^,  each 
equal  to  half  the  weight,  and  the  horizontal  tensions  ad'  and  bd".  These 
horizontal  tensions,  which  are  half  the  tension  exerted  in  the  middle  bay, 
are  tnmsmitted  to  the  middle  bay  tf'^,  where  they  balance  each  other. 
The  middle  bay  is  thus  subjected  to  two  tensile  stresses: — the  stress  due  to 
the  thrust  of  the  weight  on  the  middle  diagonals  ed  and  £b\  measured  by 
a'b\  the  length  of  a  bay;  and  the  transmitted  stress  excited  at  the  supports, 
measured  by  ad'  or  bd^^  the  length  of  half  a  bay.    The  total  tension  on  the 
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middle  bay  is  therefore  measuied  by  times  the  Uoffik  of  a  bay,  and  that 
on  eadi  side  bay  by  half  a  length,  or  a  third  of  the  tension  in  the  middle  bay. 

The  compressive  stress  in  each  of  the  upper  bays  cc\  cc'y  is  measured 
by  the  length  of  a  bay,  and  is  twice  the  stress  in  the  end  lower  bay. 

The  successive  stresses  in  the  lower  and  upper  bays  ( onsecutively,  it  is 
seen,  increase  uniformly  from  each  end  towards  the  middle,  thus: — 

Tablet  a. 


Bays  in  compression,..^— 

Bays  in  tension,  

Stresses  as   


1  aa' 

c'c 

cc" 



b'b 

1  " 

2 

3 

2 

I 

At  the  same  time  the  function  of  tlie  diagonals,  or  braces,  is  to  transmit 
the  nuddence  of  the  weight  to  the  supports,  by  compressioa  and  tension 
alternately. 

Invert  this  girder,  as  in  Fig.  399,  and  suspend  the  weight  fram  the 
inverted  apex  c.  The  stresses  in  the  several  members  are  of  the  aame 
intensity,  but  reversed,  thus: — 

Tablet^. 


a'b' 

1 

b^b 

c'c 

cc" 

I 

2 

3 

2 

I 

Let  the  girder,  Fig.  298,  be  doubled  in  length,  to  comprise  six  lower 
bays,  and  five  upper  bays,  as  in  Fig.  300;  and  loaded  at  the  middle.  The 


c'         /  \ 

b'    b'  I 

Fig.  joo.— Warren-Girder. 


horizontal  stresses  in  the  flanges  are  accumulated  from  each  end  towards 
the  middle,  where  they  are  a  mayimum,  as  in  tablet  c. 

Tablet  c 


Bays  in  compression, , 
Bays  in  tension,  

Sues&es  as  


I  I 


aa 


il  • 


re 

da" 

d'd 

dtr 

y'b' 

bb 

1  3 

4 

5 

6 

5 

4 

3 

2 

I 

Valuatioft  of  the  horizontal  stress  in  terms  of  the  load. — The  unit-stress  i, 
in  the  tablet  is  measured  by  a  d\  Fig.  300,  the  horizontal  ( omponcnt  of  the 
oblique  thrust  c^a,  of  which  c^d'  is  the  vertical  component,  or  half  the 
weight.   The  value  of  the  umt-stress  rekithrely  to  that  of  c^d%  or  half 
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the  weight,  may  be  measured  by  means  of  a  scale  of  parts.  Or,  trigono- 
metrically,  let  the  angle  at  0  be  stgnifiBd  by  a,  then, — 

f^d'  :aii'  :  :  sine  a  :  cosine  a  :  :  >^  W  :  unit-stress;  and 

unit-stress  at  «-}^W^?^51?    (i) 

'       sinea  *  ' 

In  the  Wanen-girder,  the  ang^e  a  is  60^;  and 

unit-stress  at  a  =  >^  W:|§^=     W  x  .577;  «r 

.006 

unit-stress  at   ^.2885  W    (  2  ) 

showing  that  the  liorizonal  unit-stress  in  each  of  the  end  bays  is  equal  to 
the  weight  at  the  centre  multiplied  by  .2885. 

The  stresses  in  the  other  bays,  above  and  below,  are  in  simple  proportion 
to  their  ntunerical  order  from  the  support  at  each  end  towards  the  centre: — 

stress  on  any  bay  -  unit-stress  x  N,  (  3  ) 

in  which  N  is  the  order-number  of  the  bay.  The  stress  on  the  central  bay 
is  also  expressed  by  the  equation, — 

stress  on  the  central  bays tmiitftxessx-—.^   (4) 

in  which  «  is  the  total  number  of  bays.  Also, 

stress  on  the  middle  pair  of  bays  =  unit-stress  x  ^-I^   ( 5 ) 

2 

In  the  example,  Fig.  300,  the  stress  on  the  central  bay  c'c",  by  formula 
(3)  or  (4),  is  — 

(.2885  W  X  6),  or  (.2885  W  X  Ii±I)=  1.731  W>   (a) 

and  the  stress  in  the  central  pair  of  bays  is, — 

(.•88s  Wx5),or(.2885WxiizJ)  =  i.443l¥.   (*) 

2 

It  appears  that  the  stress  at  the  middle  of  the  longer  boom  is  greater 
than  the  stress  at  the  middle  of  the  shorter  boom  by  one  unit-stress. 

ka/uatim  by  nummts. —  The  tension  in  the  central  bay  is  given  by  the 

W  I 

expression  (A),  page  699,  namely       in  which  W  is  the  weight,  /  the  span, 

4  ^ 

=  6  ba>^,  and  d  the  depth  =  .866  (sine  a)  proportionally,  the  length  of  a 

W  x  6 

bay  being  i.  The  tension  is,  then,  ^  =  i.  732  W,  as  already  found 

4  X  .800 

Stress  in  the  hraees, — ^The  stress  in  the  braces  is  to  half  the  weight,  as  the 
length  of  a  brace  is  to  the  depth  of  the  girder,  oras  mdius  to  sine  a,  therefore, — 


I  W 

Stress  in  each  braces  U  W  x   =  — :     (  6  ) 

sme  a   2  sme  a  ' 


W 

sine  a   2  \ 

In  the  Warren-girder,  sine  a  =  .866,  and 

W 

the  stress  in  the  brace  (Wanen-giider)  is  ^    =  .577  W,^(  7  ) 

2  X  .006 

which  is  twice  the  unit-stress  in  the  tlange. 
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The  Warren-Girder  Loaded  at  an  Imtbrubdiai-b  Point  other 

than  the  centre. 

In  a  Warren-girder,  Fig.  301,  loaded  at  d,  as  in  an  ordinary  loaded  beam, 
the  weight  on  the  supports  at  a  and  h  are  respectively 


^  Wand^W, 


in  which  /  is  the  total  number  of  bays  in  the  longest  flange,  and  m  and  n 
the  number  of  bays  to  the  left  and  to  the  right  of  the  weight 


ot       a/  w 

m 

Ow 


Flf.  9oi.~Warceii<vinler,  loadad  at  asy  ii 

Stress  in  ike  Bram, — ^The  stresses  in  the  braces  dc'  and  d  c',  which 
immediately  support  die  weight,  are  as  ;f  and  or  inversely  as  the  lengths 
of  tlie  two  segments;  and,  adapting  formula  (6), 

W 


Stress  in  the  braces  of  the  longer  side  -  4-  x 

/    sme  a 


shorter  da  =  -7-  x  — 
/    sme  a 


.  (9) 
(10) 


Do.  do. 

Sine  a  » .866,  and  in  this  example  the  stresses  are, 

2  W 

In  the  longer  side  =  —  x  -— -  =  .385  W,    (c) 

O  .oOO 
A  W 

In  the  shorter  side  =  4-  x  — -  -  =  .770  W,    (d) 

o  .000 

transmitted  to  the  supports  a  and  ^,  and  there  resolved  into  vertical  and 
horizontal  components. 

Second  Process  for  the  stress  in  the  braces —  Unit-coejfficient  of  diagonal  stress. — 
The  sum  of  the  stresses  (c)  and  {d)  is  1.155  W,  which  bears  to  the  weight 
W  the  ratio  of  the  length  of  a  brace  to  the  depth  of  the  girder;  since 
z.  :.866  : :  1.155  : 1.  Divide  the  coefficient  z.155  by  the  numbor  of 
diagonals,  2  /  or  12,  and  the  quotient  .09625  is  a  unit-coeffident  per 
diagonal.  Multiply  diis  unit-coefficient  hy  2  m  and  2  n,  or  the  number 
diagonals  in  the  longer  and  the  shorter  sides: 

.09625  X  4  diagonals  =  .385 
.09625  X  8    do.     =  -770 


The  products  axe  the  coefficients  {c)  and  (d).  This  process  for  arriving  at 
the  stresses  in  the  diagonals  is  the  simplest  where  a  number  of  calculations 
are  to  be  made  for  one  girder. 
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Honsmtal  Sirm  in  the  Boms, — ^The  unitstress  at  each  end  of  the  girder, 
adapting  formula  (i),  is  as  follows: — 

.                             »'  _„cosine  a  . 
Unit-stress  at  support  «»-rW—      -    ( la ) 

I       sine  a  ^  ' 

Da       support      «:wS2i'"'L5   ( 13  ) 

/      Sine  a 


In  Fig.  301  the  number  of  bays  m'  and  n'  are  respectively  four  and  two 
bays,  to  the  left  and  to  the  right;  togedier,  six  bays  »/.  Then, 

2 

Unit-stress  at  support  a  =  -^W  x  .577  =  .19a  W; 

Da       support  b  =  4- W  x  .577  =  .385  W; 

o 

and  the  unit-stress  at  b  is  equal  to  twice  the  unit-stress  at  a. 

The  stress  in  the  intermediate  bays,  between  each  support  and  the 
weight,  is  as  before  (formula  3), 

For  the  long  end  a  d,  (unit-stress  at  a)  x  N ;    (14) 

For  the  short  end  do.     at^jxN;    (15) 

in  which  N  is  the  order-number  of  the  bay,  on  either  side  <tf  the  weight, 
reckoned  from  the  point  of  support  at  the  same  side. 

The  successive  stresses  thus  calculated  are  given  in  the  following  tablet  / 
in  wluch  the  unit-stress  at  a  is  taken  as'i,  and  that  at  ^  is  proportionally 
as  a. 

Tablet  /  (Fig.  301). 


c'c" 

ad 

a' a" 

The  horizontal stieaes ) 

2 

3 

4 

5 

6 

7 

8 

6 

4 

2 

The  maximum  stress  is  in  the  bay  c'     over  the  weight,  in  compression. 

The  tensile  stress  in  the  two  bays  a'"  d  and  d  //,  contiguous  to  the 
weight,  are  as  7  and  6  respectively,  and  they  do  not  balance  each  other. 
But,  as  a  matter  of  fact,  there  is  a  balance  of  stress,  and  it  is  completed  by 
the  difference  of  the  horizontal  components  of  the  stresses  in  the  two  braces 
d^^  fiom  which  the  weight  is  direcdy  suspended,  being  respectively 
equal  to  the  unit-stresses  for  the  long  and  short  ends.  The  difference  of 
diese  is  2  -  i  -  i,  or  one  unit  stress  in  the  direction  dh*^  and  (6  + 1  =  )7  is 
the  total  stress  in  the  bay  dl^^  which  balances  the  (^posite  stress,  also  7,  in 
the  bay  dd"} 

The  Warrbn-Girder  Uniformly  Loaded. 

A  uniform  load  on  a  Warren-girder  is,  in  fact,  a  load  equally  divided  and 
applied  to  the  apices  of  the  web,  as,  for  example,  in  Fig.  302,  in  which  the 

*  With  this  explanation,  it  maybe  said  with  propriety  that  the  sum  of  the  increments  of 
stress  on  the  one  side  of  the  weight  is  equal  to  the  sum  of  the  increments  of  stress  on  the 
other  side.   But,  abstractly,  it  is  an  erroneous  assumption. 
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shorter  flaoigev  which  is  uppermost,  comprises  six  apices,  on  which  the  weights 

W,  W,  &c.,  are  placed. 

Stress  in  the  Braces. — Tlie  stress  in  the  braces  caused  by  each  weight 
may  be  calculated  separately  in  the  mamier  already  explained.    The  unit- 


Fig.  joa.— WaRett-Giider,  uaifonBly  kMdad— Loagar  Fhnge  Undermost. 

coefficient  of  stress  for  one  diagonal  in  12,  as  in  Fig.  302,  is  1.155  ^2  = 
.09625.  The  stresses  caused  by  the  weight  W,  whidi  is  1  diagonal  fiom  a, 
aikd  II  diagonals  from  are, 

In  the  brace  i  09625  x  11  diagonals  =  1.058  W,; 

In  the  braces  2  to  12  09625  x  i     da     =  .096 

Calccdflting,  in  the  same  way,  the  stresses  caused  by  die  odier  weights, 

the  constituents  of  stress  on  each  diagonal  aie  obtained,  the  coefficients  of 
which  are  given  in  the  following  table,  Na  249,  in  which  compressive  stress 
is  distinguished  as  + ,  and  tensile  stress  as  -  .  The  resulting  coefficient  of 
stress  in  each  brace  is  ^iven  in  the  second  last  column: — 


Table  No.  249. — Coefficients  of  Stress  in  the  Braces  of  a  Warren- 
Girder  Uniformly  Loaded,  with  the  Longer  Flange  Under- 
most.   Fig.  302. 


Ratio  of 
Segments 
of  Girder. 

w 

I  to  II. 

W 
3  to  9. 

5  to  7. 

7toS. 

9to3. 

w« 

II  to  t. 

Resultant 
Stress 
in  each 

DiagomL 

Units  of 
Result- 
ant 

Stem. 

in  pans  of 
W'. 

I 

+ 1.058  \ 

+  .866 

+  .674 

+  .481 

+  .289 

+  .096  ' 

+  3.464 

6 

2 

+  .096  j 

-.866 

-.674 

-.481 

-.289 

-  .096 

—  2.310 

4 

3 

-  .096 

+  .866) 

+  .674 

+  .481 

+  .289 

+  .096 

+  2.310 

4 

4 

+  ^096 

+  .289  ] 

-.674 

-.481 

-  .289 

-  .096 

-1.155 

2 

5 

-  .096 

-.289 

+  .674  ( 

+  .481 

+  .289 

+  .096 

+  1.155 

2 

6 

+  .096 

+  .289 

+  4^1  \ 

-481 

-.289 

-  .096 

±0.000 

0 

7 

8 

9 
10 

11 

12 

-  .096 
+  .096 

-  .096 
+  .096 

-  .096 
+  .096 

-.289 
+  .289 
-.289 
+  .289 
-.289 
+.289 

-.481 

+  .481 
-.481 
+  .481 
— 481 
•1-481 

+  .481  ) 

+  .674  ] 
-.674 
+  .674 

-.674 
+  .674 

+  .289 
-.289 
+  .289) 
+  .866  ( 
^Mb 
+.866 

+  .096 

-  .096 
+  .096 

-  .096 
+  .096 ) 
•f  1.058 ) 

±aooo 

+  1.155 
-1. 155 
+  2.310 
-2.310 
+3464 

0 

2 

4 

t 

^\"hcn  the  longer  flange  is  uppermost,  a:>  in  Fig.  303,  and  the  weights  are 
applied  to  the  upper  apices,  one  weight  is  supposed  to  be  divided  mto 
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halveS)  of  which  one  half  is  placed  directly  over  each  support,  leaving 
5  weights  supported  by  the  girder.  The  stresses  in  the  bmoes,  of  which 


Fig.  303. — Warrea-Oirdcr,  uniformly  loaded — Longer  Flange  Uppermost. 

there  are  12,  as  in  Fig.  302,  being  calculated  in  terms  of  the  unit-coeffident 
.09625,  the  constituent  and  resuldng  stresses  are  given  in  taUe  No.  250: — 


Table  No.  250.— 
GikDtR  Un 
MOST.  Fig. 


Ci  >i:FFk  IKN  rs  OF  S  l  RESS  IN  THF.  HrACES  UF  A  WaKREN- 

iFuRMLY  Loaded,  with  the  Longer  Flange  Upper- 
303. 


1 

Ratio. 

w 

2  to  10. 

4toa. 

6  to  6. 

W4 
8to4. 

10  to  2. 

Resultant 
Stress  in 
each  Biace. 

T   ■  r 

L  nils  of 
Resultant 
Stnn. 

braces. 

in  parts  of 
W. 

I 

-.963 

-.770 

-•577 

-.385 

-•193 

'  -2.888 

5 

2 

-.963  i 

+.770 

+  •577 

+  .385 

+  .»93 

4-  2.888 

5 

3 

+  .193  ) 

-.770 

-.577 

-.385 

-•>93  1 

,  -  »-732 

3 

4 

-.193 

+.770) 

+  .577 

+  .385 

+  .193  1 

1  +1-732 

3 

5 

+  193 

+  .385  ( 

-•577 

-.385 

-•193  ' 

-  -577 

I 

6 

-.193 

-.385 

+  .577) 

+  •385 

+  .193 

+  .577 

1 

7 

9 
10 

II 

13 

+  .193 

-•193 
■+••193 

-.^93 
+  .193 
-.193 

+.385 

-.385 

-f.385 
-.385 
+.385 
-.385 

+  .577) 

-.577 
+  .577 
-•577 
+  577 
-.577 

—385  , 
+  .385  I 
+  •770  J 
-.770 
+  .770 

-.770 

—193 

+  •193 
-»93  , 
+  -»93) 
+  .963  J 
-.963 

+  .577 

-  .577 
+  1-732 

-  1-732 
+  2.888 
-2.888 

I 

I 

3 
3 
5 
5 

The  unit  of  resultant  stress  in  the  braces  in  these  tables,  Nos.  249  and 
350,  is  taken  as  .577  W,  being  [he  stress  caused  in  a  brace  by  a  half-weight 
(formula  ( 7 ),  page  701);  and  the  respective  values  of  the  stress  are  ex- 
pressed in  units  of  that  value  in  the  last  column  of  the  tables. 

In  the  girder,  Fig.  302,  having  the  longer  flange  undermost,  the  stress  on 
the  middle  pair  of  l)races  i.s  -  o,  and  on  the  successive  pairs  towards  the 
supports  each  way,  the  stress  increases  in  arithmetical  progression,  dius: — 

On  braces   I  ...  2&3  ...  4& 5  ...  6& 7  ...  8&9 ...  10&  11 ...  12 

Theunitsof  stress  are  6 ...   4   ...    2    ...    o    ...    2    ...    4     ...  6 

In  the  girder,  Fig.  303,  having  the  longer  flange  uppermost,  the  stress  in 
the  braces  increases  also  in  arithmetic^  progression,  but  by  a  different 
distribution,  being  as  x  in  the  two  middle  pairs,  thus: — 

On  braces   i«Sc2...3&:4...5&6...7&8...9^:io...ii&i2 

The  units  of  stress  are   5    ...    3    ...    i    ...    r    ...    3     ...  5 
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The  maximum  stress  in  the  braces  exists  at  the  extremities,  and  amounts 

to  6  units  in  the  first  girder,  and  5  units  in  the  second;  these  are  the  stresses 
due  to  half  the  load  on  each  girder,  or  6  half-weights  and  5  half-weights 

respectively.  The  stress  in  any  intermediate  brace  is  that  due  to  the  num- 
ber of  half-weights  between  it  and  the  centre  of  the  girder.  Pulling  //" 
equal  to  the  number  of  half-weights  between  the  brace  and  the  centre  of 
the  Warren-girder, 

Stress  in  a  given  brace  =  .577  x  3  W 

=  1.155  n'W    (16) 

In  its  general  form,  for  any  angle  of  brace,  made  with  the  flange,  the  formuht 
is  a  modification  of  formula  ( 6 ),  page  701 : — 

n"  W 

Stress  in  a  given  brace  -  .    ( 17  ) 

,         sme  o 

The  braces  which  meet  at  an  unloaded  apex  are  equally  stressed  ^— one 
by  compression,  the  other  by  tension. 

Sirm  in  the  Flanges. — The  flanges  receive  increments  of  stress  at  each 
apex,  advancing  from  the  supports  to  the  centre,  where  the  total  stress  is  a 

maximum.  The  increment  of  stress  at  any  apex  is  equal  to  the  horizontal 
component  of  the  resultant  of  the  two  resultant  diagonal  stresses  at  the 
apex. 

Radius  :  cosine  a  : :  resultant  diagonal  stress  :  horizontal  component^ 

and  therefore. 

Horizontal  component »  diagonal  stress  x  cosine  a;  (  18  ) 

that  is  to  say,  each  unit  of  resultant  diagonal  stress,  or  .577  W,  causes  a  unit 
of  horizontal  stress,  or  .2885  W  (formula  (  2  ),  page  701). 

The  process  of  deducing  the  horizontal  stresses  from  the  diagonal 
Stresses,  and  summing  them  up,  is  shown  in  the  following  analyses : — 


Warren-Girder  Uniformly  Loaded— Analysis  of  Stress  in  Flanges. 
Longer  Flange  Undermost^  Fig.  302 — Half  of  Girder, 


1.  No.  of  braces,  and  No.  of  bays,  i 

2.  Unitsofresultant  stress  in  braces,  +6 
3, 4.  Resultant  stress  of  braces )  — 

at  apices,  f  or  — 

5.  Horizontal  components 

these,  or  increments 
zontal  stress  in  bays. 

6.  Accumulaii'd    intrcments  of  |   


 >  or  — 

;nts    of  \ 
of  hori-  >  — 

.  units,.,  j 


stress  in  l)ays,  units,, 
otal  h< 
units,. 


Total  horizontal  stress  in  bays,  | 


.a 

3 

4 

5 

6 

-4 

+  4 

-  2 

+  2 

0 

6  +  4 

4  +  4 

4  +  a 

2  +  3 

2 

10 

8 

6 

4 

2 

10 

8 

6 

4 

a 

10 

18 

«4 

38 

30 

16 

^4 

30 

34 

36 
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Longer  Flange  Uppermost^  Fig,  y^^-^HalJ  of  Girder, 

1.  Na  of  braces,  and  No.  of  bays,     12345  6 

2.  Unitsof  resultant  stress  in  braces,  -5  +5  -3  +3  -i  +1 
3, 4.  Resultant  stress  of  braces  )     —   5  +  5  5  +  3  3  +  3  3  +  1    i  +  i 

at  a]jices,   J  or  —      10       8        6        4  2 

5.  Horizontal    components    of  j 

these,  or  increments  of  hori-  >     —      10       8        6        4  3 
zontal  stress  in  bays,  units,.,  j 

6.  Accumulated  increments  of  I   

stress  in  bays,  units,  /  4  3 

7.  Total  honsontal  stress  in  bays,  1  , 

units,  Z\     5      15     23     29     33  35 

1  lie  resultant  stress  at  the  central  apex,  between  braces  6  and  7,  is,  in 
both  cases,  equal  to  o;  and  thmfore  were  is  no  increment  of  horizontal 
stress  at  the  centre.  • 

The  increment  of  horizontal  stress  in  the  central  bay,  No.  6,  is,  in  both 
cases,  equal  to  2  units,  and  the  increments  increase  by  a  units,  from  bay  to 
bay,  up  to  bay  No.  2,  where  the  increment  amounts  to  10  units. 

So  that,  inversely,  the  increments  of  horizontal  stress  in  the  flange  diminish 
in  arithmetical  progression  as  they  approach  the  centre. 

Let  //  =  the  number  of  braces,  or  the  total  number  of  bays,  in  half  the 
girder; 

N  =  the  order-number  of  a  given  bay,  counted  from  the  end  of  the  girder, 
above  and  below; 

W'  =  the  weight  on  one  apex,  for  which  the  unit  of  horizontal  stress, 
transmitted  through  one  of  a  pair  of  diagonals,  is  .2885  W; 

The  equations,  for  the  horizontal  stress  in  the  given  bay,  based  upon  the 
foregoing  analysis,  are  as  follows: 

I  St  When  the  Imger  flange  is  undermost:^ — 

Horizontal  stress  in  a  given  bay  >-  .2885  W'(if  +  (N  -  1)  (2  «  -  N) )   (19) 

ad.  Whm  the  longer  flat^e  is  uppermost: — 

Horizontal  stress  in  a  given  bay  =  .2885  W'((«—  i)  +  (N  -  i)  (2/;  -  N))  (20) 

These  formulas  are  very  easy  of  application.  The  reasoning  by  which 
they  have  been  constructed  by  the  author  is  given  in  the  foot-note.^ 

'  The  increments  of  horizontal  stress,  at  the  several  bays,  line  5,  in  the  "Analysis  of 
stress,"  are  in  arithmetical  progression,  having  the  common  difference,  2,  originating  at 
the  centre.  The  order-number  of  the  terms  of  the  progression,  counting  from  the  centre, 
is  expressed  by  (//  -  (X  -  i ) ) ;  and  (;/  -  (N  -  l) )  x  2,  is  the  value  of  the  increment  in  luiits. 
For  the  first  increment,  for  example,  in  bay  No.  2,  N=;2,  and  //  — 6;  and  the  value  of 
the  increment  is  (6-(2- i))y  2  =  10,  as  given  in  the  analysis.  If  N',  N",  N'",  &c., 
r L-prc-.'  nt  fr)r  the  moment  the  uc(  c^sive  order-numbers  of  the  hays  following  No.  2  bftyt 
the  values  of  the  successive  accumulated  increments  of  stress,  line  6,  are  as  f<Mlows; — 

In  No.  2  bay,  (//  -  (N  -  i ) )  x  2 

No.  3  „    {«-(N-i))  +  (/i-(N'-i))x2 

No.  4       («-(N-l))+(«.(N'-i))  +  (if-.(N'-i))x2. 

and  so  on.  The  ralae  for  each  bay,  putting  N  for  the  order>number  of  the  hay,  and 
condensing  the  expression,  is— 
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RuLLiNc  Load  on  the  Warren-Girdkr. 

Concentrated  Rolling  Load  on  the  Warren-Girder. —  I  he  stress  caused  in 
successive  diagonals  by  a  passing  weight  is  alternately  tensile  and  com- 
pressive; and  the  stress  is  a  maxinunn  wlien  the  load  is  on  the  apex. 

Distribitttd  Rollini:^  Load  on  the  Warren-Girder.-'-  Suppose  that  the  rolling 
load  is  practically  of  uniform  dibtribuiion,  as  a  railway  train,  the  stresses  iii 
the  diagonals  and  flanges  may  be  tabulated  and  analyzed,  as  exemplified  at 
pages  704  and  705.  If  the  train  extend  over  the  whole  of  the  girder,  the 
case  becomes  one  of  a  girder  uniformly  loaded.  The  stresses  in  partially- 
covered  girders  may  be  analyzed  in  like  manner,  and  the  changes  indirection 
and  intensity  of  stress  determined. 

But  it  is  essential,  at  the  same  time,  that  the  stres.ses  caused  bv  the 
permanent  weight  of  the  bridge  should  be  determined;  since  the  at  tual 
ultimate  stress  in  any  member  is  the  resultant  of  the  action  of  the  whole  of 
the  load,  both  permanent  and  passing.  1  he  maximum  stress  in  the  flanges 
takes  place  when  the  ^sing  load  covers  the  whole  of  the  girder. 

Parallel  Lattice-Girder. 

Latticing  is  the  combination  of  two  or  more  systems  of  triangulation  in  the 
web  of  a  girder,  in  which  the  diai^onals  ( ro^>s  each  other.    The  number  of 

apices  is  ])ro|)ortionally  multiplied,  and  the  length  of  the  bays  is  propor- 
tionally shortened.  The  effect  is  that  the  weight  is  distributed  over  a 
greater  number  of  points  in  the  tlange,  the  graduations  of  stress  in  the  tlange 
are  reduced,  whilst  also  tlie  stress  ui  the  diagonals  is  ])roi)orti(jnally  reduced. 

There  is  a  special  advantage  in  lattice- 
work, in  affording  the  means  of  stiffen- 
ing the  braces  by  simple  connections 
at  the  intersections. 

If  the  dixigonal  stresses  be  calcul- 
]%.304.~F«nl]«lUctioe-Giider.     "    ated,  in  the  first  instance,  as  for  a 

single  triangular  system,  let  them  be 
divided  by  the  number  of  systems  in  the  lattice;  the  fjuotient  is  the  aliquot 
part  of  the  stress,  as  distributed  to  each  diagonal.  The  fundamental 
triangulation  is  shown  by  thick  lines,  Fig.  304;  and  in  this  instance,  where 
only  one  additional  system  is  interpolated,  the  stress  in  the  fundamental 
diagonals  is  reduced  to  a  half  of  what  they  would  sustain  if  they  stood 
alone. 

The  Parallel  Strut-Girder. 

In  the  parallel  strut-girder,  Fig.  305,  having  vertical  and  diagonal  bracing, 
supporting  a  single  we^t,     on  die  upper  flange  at  the  centre,  the  vertical 

(«X2x(N-i))-(Nx2x(N-i>)+l±H:iilxax(N-i)»(N-i)x(2(«-K)+N> 

2 

To  this  is  to  be  prefixed  the  initial  hori/outal  &lrci>s  at  bay  No.  l,  wliich  i^  /;  unit4>,  or 
6  units,  for  Fig;  303,  «nd  («-i)  units,  or  5  units,  for  Fi&  303.  Thence  the  foimuUts 
(19)  and  (20) 

Horizontal  stress  in  a  given  bay =.2885  W|  (i*+(N  - 1)  (2  li  -  N) ),   ( 19 ) 

when  the  longer  flange  is  undermost;  and 

Horizon:.!]  stress  in  a  given  bay=.2885  Wi  (if- l)+(N  -  l)(2i»-N) ),....  (20) 
when  the  longer  flange  is  uppennost. 
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brace  or  strut  cd  receives  and  siii)ports  the  whole  of  the  weight  ;  and  the 
comifrcssive  stress  is  divided  and  transmitted  by  tension  through  the 
diagooals  d c'  and  dif^  according  to  the  parallelogram  of  forces,  of  which 


l%B.  305  tad        Fanlld  Strafc^Gnrden. 

the  diagonal  de,  equal  to  twice  dc^  the  depth  of  the  girder,  represents  the 
weight  The  depth  i/r  represents  half  the  weight,  and  the  tensional  stress 
in  each  of  the  diagonals  d  ^  and  d  ^  is  represented  in  magnitude  and 
direction  by  the  diagonals. 

The  tensions  of  these  diagonals  balance  each  other  horizontally  at  their 
intersection  at  the  lower  flange  at  dy  and  thus  tliey  do  not  throw  any 
horizontal  stress  on  the  lower  flange. 

Stkut-Giildek.  with  a  Concentrated  Moving  Weight. 

When  the  load  moves  over  the  girder,  each  strut  requires  to  be  braced 
by  a  pair  of  diagonals  intersecting  at  the  foot  of  the  strut,  in  the  same  w^ay 
as  the  strut  cd,  imder  the  fixed  weight  in  Figs.  305  and  306,  is  braced  by  the 
diasronals  Jc'  and  dc".  The  result  is  a  system  of  cross-bracing,  or  counter- 
bracing,  by  crossed  ties,  as  in  Fig.  306.  The  extra  braces  at  the  outer  struts 
ac',  be"  (Fig.  305),  are  not  necessary,  but  they  are  introduced  to  complete 
the  design.  The  maximum  stress  is  imposed  on  each  strut  when  the  weight 
passes  over  its  summit 

If  the  weight  move  on  the  lower  flange,  the  maximum  stress  on  a  given 
strut  is  imposed  when  the  weight  passes  the  lower  end  of  the  next  strut  on 
the  side  of  the  more  distant  support  ;  and  the  maximum  stress  on  any  strut, 
by  the  lower  flange,  never  exceeds  half  the  weight.    (Fig.  30=;.) 

The  tension  in  tlie  diagonal  d  c'  is  resolved  into  comj^ressive  stress  in 
the  upper  bay  c  c  and  llie  strut  c  a.  The  compressive  stress  in  the  strut 
/  d  is  resolved  into  tensile  stress  in  the  lower  bay  a' d  and  the  outer 
diagonal  aV"^  and  lastly,  the  stress  in  the  outer  diagonal  c'"  is  resolved 
into  compressive  stress  in  the  outer  bay  c" c  and  in  die  strut  ^"a,  of  which 
the  former  is  transmitted  to  the  middle  bay  c  c. 

A  similar  action  takes  j)lare  in  the  other  half  of  the  girder,  and  tiie 
horizontal  stresses  in  one  half  balance  those  in  the  other. 

The  vertical  stress  in  the  lateral  struts  is  obviously,  by  transmission,  equal 
to  ^  W.  That  is,  die  stress  in  the  lateral  struts  is  only  half  the  stress  on 
the  central  strut,  which  supports  the  whole  of  the  weight  I'he  compressive 
stress  in  the  outermost  stmts,  or  half  of  the  weight,  is  received  and  resisted 
by  the  supports  at  a  and  b.  The  outer  bays  of  the  lower  flange,  aa'  znd 
b'     are  not  subjected  to  any  transmitted  stress. 

The  horizontal  stresses  in  the  bays  of  the  upper  and  lower  flanges  are, 
then,  in  the  following  ratios: — 
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No.  of  bay   i,       2,       3,  4 

Compressive  stress  in  upptr  iiange,  as         i,      2,       2,  i 

Tensile  stress  in  lower  flange,  as   i,      i,  o 

Trigonometrically,  the  weight  is  supposed  to  be. divided  into  two  halves, 
each  of  which  is  represented  by  the  depth  cd,  and  causes  the  diagonal 
stress  on  either  side.  Then, 

Stress  in  strut  cd  :  stress  in  diagonal  d^'  :  :  sine  a  :  radius  or  i; 

a  being  the  angle  n^d^  formed  by  the  diagonal  with  the  lower  flange. 
Therefore, 


Stress  in  each  diagonal  = 
Stress  in  each  diagonal  = 


stress  in  strut       W  , 


stne  a 

W 


sine  a 


or 


ssuiea 


When  the  distance  apart  of  the  struts  is  equal  to  the  depth  of  the  girder, 
the  angle  a  =  45°,  and  sine  a  =  .707 ;  then, 

W 

Stress  in  every  diagonal  =   .707  W. 

2  X  .707 

In  the  upper  flange,  the  stress  caused  by  each  diagonal  being  as  the  half 
weight  dc  to  the  length  of  a  bay      or  as  sine  a  to  cosine  a;  then 


Stress  caused  in  each  upper  bay  = 


cosine  a 


(22) 


sme  a 

When  the  angle  a  =  45^  cosine  o  =  sine  a;  and 

Stress  caused  in  each  upper  bay  =  ^  W,  and 
Stress  accumulated  in  middle  upper  bay- W. 

In  the  lower  flange,  the  middle  lower  bays  are  in  tension  =  W,  due  to 
the  thrust  of  the  struts  at  a'  and  d'. 

If  the  exixeme  bays  of  the  lower  flange  be  r»noved,  and  the  girder  be 
supported  direct  at  the  ends  of  the  upper  flange,  as  in  Fig.  307,  the  stresses 


1^  aof.^Pinllel  Strut-Givder— Lower  end 

bays  removed. 


F%.  90a.— Pnalld  Scnit-Girder,  tottded 
at  an  intennediate  point. 


in  the  structure  remain  unaltered,  since  there  is  no  horizontal  stress  in  the 
extreme  bays  of  the  jiarallcl  girder,  Fig.  305.  It  was  seen  that  tlie  func- 
tion of  the  end  struts  was  only  to  support  the  girder. 

Strut-Girder  Loaded  at  an  Intermediate  Point,  off  the  Centre. 

The  strut-girder,  Fig.  308,  four  bays  in  length,  is  loaded  at  cd,  one  bay 
from  the  support    and  three  bays  from  the  support  a.   Let     the  totiU 
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number  of  bays,  and  m  and  //'  =  the  numbers  of  bays  to  the  left  and  to  the 
nght  of  the  weight  The  loads  on  the  supports  at  a  and  as  well  as  the 
compressive  stress  on  the  struts  to  the  right  and  left,  are  respectively — 

^W,and^W,   (23) 

being  in  the  inverse  ratio  of  the  distances  of  the  weight  from  the  supports; 
or  they  are,  in  the  present  example — 

StiesB  in  the  strots  of  the  longer  side.  

Do.        da        shorter  side   V^^* 

The  stresses  in  the  diagonals  are  in  the  same  proportion,  thus: — 

If'  W 

Stress  in  the  diaifonali  of  the  longer  dde = jT^^   (24) 

Do.  do.         shorter  side  =  ^      —   (  25  ) 

If  the  angle  0  =  45°,  then  sine  a  =  .70  7,  and  the  stresses  are, 

W 

In  the  diagonals  of  the  longer  side   %  x  =  -3535  W, 

.707 

Do.  do.      shorter  side   |^  x  =  1.0605 

.707 

I'he  unit  or  increment  of  horizontal  stress  in  the  bays  of  the  upper  and 
lower  flanges  is  as  follows : — 

Unit  of  stiess  in  the  bays  of  the  longer  side,  yW^^^'^^^^  (,6) 

Do.  do.         shorter  side,  ^'w         «  I21) 

I      sine  a        ^  ' 

When  the  angle  a  =  45**,  *  =  i,  and  the  unit  of  stress  is, 

sine  a 

In  the  bays  of  the  longer  side   %  W, 

Do.      do.      shorter  side   >i 

the  accumulated  stress  in  the  several  bays  is,  by  formula  (3),  page  701, 

For  the  longer  side  ^  W  S^lBlf  x  N  ( 38 ) 

^  I       sine  a  ^  ' 

For  the  shorter  side  ^  W  S^''"'  °  x  N  ( 29 ) 

/       sme  a  ^  ^  f 

in  which  N  is  the  order-number  of  the  bay,  in  the  upper  flange,  on  either 
side  of  the  weight,  reckoned  from  the  point  of  support.  For  the  lower 
flange,  N  is  the  order-number  less  i,  seeing  that,  as  before  explained,  there 
is  no  transmitted  horizontal  stress  in  the  lower  bays  situated  next  the  points 
of  support 
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The  resultant  stresses  in  the  several  bays  are,  in  the  example,  Fig.  308, 
relatively,  as  follows: — 


No.  of  bay   i,  2, 

Compressive  stress  in  upper  flange  as          i,  2, 

Tensile  stress  in  lower  flange  as   o, 


2, 


4 

3 
o 


Here  it  is  apparent  that,  whilst  the  resultant  stresses  in  the  bays  3  and  4 
of  the  upper  flange  balance  each  other,  thece  is  no  tensile  stress  in  No.  4 
bay  of  the  lower  flange  to  baUmce  the  stress  in  No.  3.  But  the  balance  is 
supplied  by  the  difference  of  the  horizontal  components  of  the  diagonal 
stresses  which  meet  below  the  weight  at  ii, 

Strut-Girder  Uniformly  Loaded. 

The  general  conditions  of  stress  in  the  strut-girder  uniformly  loaded,  as 
in  Fig.  309,  are  similar  to  those  in  the  Warren-girder,  as  elucidated,  page  704. 


Fig.  309.— Stntfe-Giider  unUorady  hwded. 

S/nss  in  the  Struts. — The  stress  is  calculated  by  an  adaptation  of  formula 
(17),  page  706,  in  which  sine  a  becomes  ^  1,  seeing  that  die  angle  of  the 
strut  with  the  flange  is  a  right  angle.   The  formula  becomes, 

Stress  in  a  given  strut  =  /i*  W,    (  30  ) 

in  which  ii*  =  the  number  of  weights  between  the  strut  and  the  centre  of 

the  girder. 

Stress  in  the  Diagonals, — This  stress  is  found  by  formula  (17) — 


Stress  in  a  given  diagonal  -^C^ 


sine  o 


(30 


For  illustration,  the  diagonals  r  and  8  ( arry  the  seven  weights  W  to 
suspended  between  them;  and  each  sustains  half  the  number,  or  3^  VV, 

W 

and  the  stress  in  each  is  xVz  Similarly,  the  diagonals  2  and  7  canv 

sme  a  «  ^ 

the  five  weights  W"  to       between  them,  each  sustaining  2)2  weights,  or 

W 

2    W ':  and  the  stress  in  each  is  2  3^   .  The  diagonals  3  and  6  carry  the 

'  sine  o 

weights  W"  between  them,  each  supporting  1 54  W,  and  the  stress  is 

W 

I   Lastly,  the  diagonals  4  and  5  carry  the  weight  V\\  between  them. 


sme  a 


each  supi)orting  \^  W„  and  the  stress  is 


sine  a 


No  diagonal  stress  is 


transmitted  across  the  centre  of  the  girder:  in  this  respect  the  stnit-gtider 
differs  from  the  Warren-girder. 
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Stress  in  Uu  Fianga. — The  stress  in  the  flanges  increases  by  diminishing 
increments  at  each  apex  towards  the  centre,  where  it  is  a  maximum.  The 
inciements  consist  of  the  horizontal  components  of  the  diagonal  stresses 
developed  at  each  apex.  The  accumulated  horizontal  stress  in  each  bay 
is  expressed  by  the  following  formulas,  which  have  been  constructed  in  a 
manner  similar  to  that  by  which  formulas  (19} and  (20)  were  constructed: — 

Let  «  s  fhe  number  of  bays  in  the  length  of  half  the  girder; 

N  =  the  order-number  of  a  given  bay,  in  the  upper  or  the  lower  flange, 
a  =  the  angle  between  the  diagonal  and  the  flange, 
W  =  the  weight  on  one  strut,  for  which  the  unit  of  horizontal  stress  in 

the  flange,  traismitted  tbiottg^  the  next  diagonal,  is  W  ^f^^ 

sme  a 

For  the  horizontal  stress  in  a  given  bay: — 

I  St.  In  the  Upper  Flange: — 

Stress  in  a  given  b^=W'  ^^^'"^  '^  N  (n  -  5)   ( 32  ) 

sme  a  a 

ad.  In  the  Lower  Flange.-^ — 

Stress  in  a  given  bay = W         «  (N  -  i)  x  («-£Lzi)...  {33  ) 

sme  o  2  ' 

When  the  distance  apart  of  the  struts  is  equal  to  the  depth  of  the  girder, 
cosine  g^-yy 

sine  a 

The  gradation  of  stress  in  the  flanges  may  be  given  for  Pig.  309,  con- 
taining 8  bays. 

No.  of  diagonal  and  bays   i        2        3  4 

Increments  of  stress  in  dngtmals,  \ 

(umt=J?l)  f  y^"^ 

sme  a  / 

Increments  of  stress  in  bays  of  upper  \ 

flange  (unit  =  W'S°^^"^  «)  1  >i  imits. 

sine  a  / 

Accumulated  stress  in  do.  do.,   3^       6  7/^8  units. 

Increments  of  stress  in  bays  of  lower )  1/        1/  iz 

flange,  J  ^  i>6  umis. 

Accumulated  stress  in  da  do.,   o        3^^     6        7^  units. 

Strut-Girder  Traversed  by  a  Load  Uniformly  Distributed. 

The  struts  require  to  be  counter-braced,  and  the  stresses  are  calculated 
as  in  the  immediately  preceding  case. 

Roofs. 

I.  The  weight  of  and  load  upon  a  roof  are  taken  as  unifiwmly  distri- 
buted over  the  surface  of  the  roof;  and  the  total  weight  on  each  pair 
of  rafters,  couple,  or  truss,  is  equal  to  the  sum  of  the  weight  of  the  truss 
itself,  and  of  so  much  of  the  roof  as  is  carried  between  two  trusses. 
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In  the  trianguhur  loof-tniss, «  ^  Fig.  310,  the  total  weight,  W,  may  be 
considered  as  localized  at  the  supports  a  and  ^,  and  the  ridge  ci  a  foordi 


each  at  a  and  and  a  half  at  c  The  tension  in  0^  is  that  due  to  the 
weight,  ^  W,  at  ^,  which  is,  bv  equation  (A),  page  699,  ^  Yfl-i-^d^  in 
which  /  is  the  span,  and  d  the  depth;  or 

Or  the  tension  in  the  tie-member  ah,  under  a  imiformly  distributed  weight, 
is  equal  to  the  product  of  the  weight  by  the  span,  divided  by  8  times  the  rise. 

The  horizontal  thrust  at  the  ridge  ib  equal  to  the  tension  in  the  hori- 
zontal tie. 

The  rafters  ca  and  are  subject  to  two  stresses: — ist  Compressive 
thrust,  as  pillars,  by  the  weight;  the  thrust  is  cumulative,  beginning  as 
nothing  at  the  spex,  and  ending  at  the  maximum  for  the  idiole  weight  at  the 

abutments  a  and  b,  where  it  is  equal  to       W  x  ^-  ).   2d.  Transverse  stress 

Ca 

from  the  weight,  ^  W,  uniformly  distributed,  reduced  in  the  ratio  of  the 
slant  height  a ^  to  the  half-span  ad;  the  moment  of  which  is  equd  to, 
W/ 

2.  When  the  horizontal  tie  is  applied  at  any  higher  level,  a'  b',  Fig.  311, 
the  tension  in  it  is  inversely  as  the  depth  cd^  according  to  the  expression 
( 34 ).  In  addition  to  the  stresses  in  the  rafters,  ahready  noticed  in  the 
previous  case,  there  are  compressive  and  transverse  stresses  excited  by  the 
pull  of  die  tie  a'b\ 

3.  In  the  A-truss  roof,  Fig.  31 2,  the  stresses  are  mixed.  Let  the  ^an  be 
40  feet,  the  rise  10  feet,  and  Uie  depth  cd  8  feet  The  niimac  and  be 


Fig.  31a. — A-Truss  Roof. 

are  22.5  feet  long,  the  struts  F  are  3.33  feet  long,  and  the  tension  bars  C 
and  D  11.75  feet  long.  The  weight  on  the  couple  is  8  tons,  uniformly 
distributed,  of  whirh  4  tons  is  supi)orte(l  on  each  rafter,  say  i  ton  at  a  over 
the  abutment,  2  tons  at  F,  and  i  ton  at  the  ridge  c. 
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The  pressure,  2  tons  on  F,  being  vertical,  is  resolved,  as  indicated  by 
diai^ram,  into  1.8  tons  stress  on  F,  and  .875  tons  on  A.  The  Stress  on  F 
IS  resolved  into  3.18  tons  in  C  and  in  D,  tie-rods. 

The  tension  in  E  is  by  fonnula  (34),  — J" ^^-^  -  5  tons;  and  it  is 

8x8  feet 

resolved  into  4}^  tons  in  C,  and  .875  tons  in  F.  This  tension  in  F  is 
resolved  into  1.54  tons  in  C  and  in  D. 

The  total  stresses  in  the  three  tension-rods  C,  D,  and  E  are,  then,  as 
follows: — 

ToCab. 

In  Cf  stress  through  F  by  direct  weight  of  roof,..  3.18  tons. 

stress  by  tensile  force  of  E,   4.75  „ 

stress  fiiom  F  by  da  do.,   1.54  „    9.47  tons. 

In  D,  stress  through  F  by  direct  weight  of  roo(..  3.18  „ 

stress  fix>in  F  by  tensile  force  ^  E^   z.54  „    4.73  „ 

In  E)  stress,   5*^  »> 

So  much  by  way  of  analysis.  But  Mr.  Stoney  shows  a  method  of  deducing 
the  stresses,  by  starting  from  the  stress  on  die  abutment  and  working  dience 
towards  the  centre.  Referring  to  Fig.  313,  and  adopting  the  same  data  as 
above,  the  reaction  of  the  left  abutment  is  4  tons,  of  which  i  ton  is  directly 
balanced  by  the  weight  W  concentrated  there,  leaving  3  tons  to  be  resolved 
in  the  directions  of  A  and  C,  into  10.35  ^^^^  9-47  ^^^^  respectively. 
The  pressure  of  W",  2  tons,  is  resolved  into  1.8  tons  on  F  and  .875  tons 
on  A;  and  (10.35  ~  -^75  = )  9-475  '^ns  is  the  thrust  in  B.  At  a,  the  stresses 
in  C  and  F,  which  are  known,  are  resolved  by  the  intermediate  substitution 
of  their  resultant  into  the  stress  4.72  tons  in  D,  and  5  tons  in  E. 

4.  In  Fig.  313,  the  middles  of  the  rafters  are  strutted  by  struts  c'd  and 
c'^f,  meeting  at  ^  in  the  horizontal  tie-bar,  and  tied  to  the  ridge  by  the  ver- 
tical rod  cd.  The  weight  of  the  roof  is  localised  at  a,  c\  c'^  and  ^,  in 
the  proportions  yi  W,  ^  W,  W,  W, 
and  }^  W.  In  the  truss  a  c' the  weight 
on  c'  is  equally  sustained  by  the  limbs  c'  a 
and  c  (if  }i  W  being  borne  by  the  abut- 
ment, and  }i  W  beii>g  transmitted  through 
the  tie-rod  ed  to  the  rid^e  c.  As  W  is 
also  transmitted  from  c",  m  the  right  hand  ^-^  3,3.-A.Tni8s  Roof, 

rafter,  the  total  weight  at  the  ridge  is  4- 

4-^)  W=  W.  This  is  just  what  the  ridge  would  have  borne,  without 
the  intervention  of  the  struts  ;  and  the  function  of  the  struts  is  chiefly  to 
assist  the  rafters  in  resisting  transverse  stress.  The  pull  in  the  vertical 
tie-rod  r  ^  is      4-  >^  =  )  ^  VV. 

To  find  the  stresses  in  the  rafters  and  the  horizontal  member  a  d,  Dr. 
Rankine  distinguishes  the  main  truss  acd  and  the  secondary  trusses  ac'd 
and  d/'i.  The  tension  in  ad  is  the  sum  of  the  tensions  due  to  the  first 
and  second  trusses ;  the  thrust  in  a  c\  likewise,  is  the  sum  of  the  thrusts, 
and  that  in     is  the  thrust  of  the  first  truss  only.   Suppose  the  span  /s  30 
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feet,  and  the  rise  d  ='j]4  feet;  the  pull  in  a  d  by  the  first  truss  is  by  formula 
(A),  Ji^=:     W;  and  by  the  second  truss,  X  Wx  ?^/^ ^  ^j^^ 

sum  of  these  jniUs  is  ( = )  >^  W,  the  resultant  tension  mahGtad. 
The  thrust  in  0 ^  by      fint  tmss,  is  to  the  relative  tension  in  a^,  as  0^ 

to  a  d.    The  length  of  a  ^  =  ^ {ady  +  (cd)-  =  12.5  feet,  and  the  thrust  is, 

W  X  — -.417  W.  In  the  second  truss,  the  thrust  in  a  is  the  same 
'  10 

fraction  of  the  tension  in  ad,  due  to  the  truss;  or  it  is  'A  W x  1^'^  = 

10 

.242  W.  The  sum  of  the  hrst  and  second  thrusts,  or  .653  W,  is  the  resultant 
thrust  in  a  c\ 

The  value  of  the  thrust  in  ^  ^,  by  the  first  truss,  may  be  found  in  terms 
of  the  relative  tensions  in  g  </  and  cd;  for  it  is  equal  to 

tension  in  {a  ^)^+tension  in  {cdy^.  ^ i^y^y  +  {y^y  =  .417  j  as  has 

already  been  found. 

5.  In  Fig.  314,  each  rafter  is  divided  into  three  equal  parts,  which  are 
supported  by  two  struts,  c' d  and  c'"  d'  for  the  left-hand  rafter,  and  i\  d" 
and  c"  d  for  the  right-hand  rafter;  suspended  by  vertical  rods  c' d',  c d,  and 
^  d^i  united  by  the  main  tie-rod  a  b.  The  total  weight  W,  uniformly  distri- 
buted, is  localized  at  a  e***  ^  c  (f*  b 
in  the  proportions,  V«iW,      W,  ^6  W,  V«  W,      W,  VeW,  V.»W. 


Fff.  314.— Tmated  Root 

Three  trusses  are  reroejiized  here:  the  first  tniss  a  cb^  the  second  a  c  d,  and 
the  third  a  c"  d' .  Half  the  stress  at  i'" ,  the  summit  of  the  isosceles  or  third 
truss,  is  transmitted  by  the  vertical  rod  c' d'  to  c' ,  where  the  stress  is  increa.^ed 
to  (      +  Via  -  )  ^^^^  load  is  transmitted  to  a  and  d'  at  the  base 

of  the  truss,  in  the  mverse  ratio  of  the  segments  a  d'  and  d' d;  that  is,  t^vo 
thirds,  or  ( X  ^  = )  i/j  W,  is  transmitted  through  the  strut  ^d  and  loAcdf 
to  c.  An  equal  quanti^,  W,  is  transmitted  from  the  right-hand  rafter,  and 
the  sum  Vj  W  added  to  '/e  W,  makes  W,  the  resultant  load  at  the  ridge. 
Suppose  the  span  /= 60  feet  and  the  rise  ^    15  feet,  the  pull  ukabotad 

due  to  the  first  truss,  is  by  formula  (A),i^?     ^=  ^  W;  by  the  second  truss, 

4  (f 

the  pull  is  ths  of  what  it  would  be  if  the  truss  were  isosceles,  or  it  is 
X  \V  X  >U  ^      ^     /        w;  by  the  And  truss,  it  is  -^^^  '""i  ' 


2^d 


4x 


/3 


4x 

.?S[^=      w.   The  sum  of  the  three  pulls,  or        Ve  +  V«  =)  •V.4  W, 

24  w 
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is  the  resultant  stress  in  ad'  and  d'' b;  and  the  sum  of  the  first  and  second 

pulls  is  the  resultant  stress  in  d' d",  or  ^  W. 

The  i)ull  in  the  main  tie-rod  ab^  due  to  the  second  strut,  was  said  to  be 
*'.ths  of  what  it  would  have  been  for  an  isosceles  tniss.  In  general 
terms,  ihc  fraction  of  what  it  would  he  f(jr  an  isosceles  truss  of  the  same 
height  and  length  is  the  ratio  of  the  product  of  the  segments  into  which  the 
tie-rod  or  base  of  the  truss  is  divided  by  the  vertical  rod  from  its  apex, 
to  the  square  of  half  the  base.  In  this  instance  the  base  is  divided  into  yi 
and  Vs  f  and  V3  x  V3  =  *  ^dso  Yiy^Yz-yi  or  Ve  J  and  the  ratio  of 
»/9  to  Vs  is  8  to  9,  or  % 

The  thrusts  in  the  rafters  may  be  found  by  the  method  already  applied, 
in  the  previous  case;  and  the  same  general  process  is  applical»le  tn  roofs 
of  more  extensive  constniction.  Professor  Rankine  gives  general  equations, 
for  the  stresses  in  roofs  of  the  strut-and-rod  class,  Fig.  314;  and  Mr.  Stoney 
shows  how  the  stresses  may  be  found  in  employing  the  parallelogram  of 
forces,  from  the  pressure  on  an  abutment' 

By  the  application  of  the  principle  of  tiie  parallelogram  of  forces,  the 
stresses  in  crescent  and  other  forms  of  girders  and  roo6  may  be  determined. 

*  See  page  508,  at  top. 

'  CivU  Ett^mtering,  page  472.    The  Theory  0/ Straim,  page  159. 
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The  fundamental  units  of  work — the  foot-pound  and  the  kilognunmetre — 
have  been  defined  at  page  312;  and  their  relations  with  those  of  horse- 
power have  been  stated  at  page  158. 

Horse-power. — Horse-power  is  a  measure  of  the  rate  at  which  work  is 
performed.  One  horse-power  is  the  expression  of  33,000  foot-pounds  of 
work  done  per  minute,  or  550  foot-pounds  of  work  done  per  second.  It 
is  nearly  identical  with  the  French  horse-power  {c/uTal-iapcury  or  c/utoJ), 
which  is  equal  to  75  kilogrammetres  of  work  done  per  second.  As  a  kilo- 
grammetre  is  equal  to  7.233  foot-pounds,  the  **€hepal**  is  equal  to  (75  x 
7.233  ^ )  543.5  foot-poundis  of  work  per  second,  which  is  1,37  per  cent, 
less  than  the  English  measure  of  a  horse-power. 

Mechanical  equivalent  of  heat. — The  values  of  the  mechanical  equivalent 
of  heat  in  English  and  in  French  measures  are  defined  at  page  332,  and 
their  relations  are  stated  at  page  159.  An  English  unit  of  heat  is  the 
quantity  which  is  required  to  raise  the  temperature  of  water  at  or  near 
39.1**  F.,  the  temperature  of  its  maximum  density,  through  i**  F. ;  and  its 
mechanical  value  or  equivalent  is  equal  to  772  foot-pounds.  One  horse- 
power is  therefore  equivalent  to  (33,000 772  =  )  42^^  heat-units  per 
minute. 

A  French  unit  of  heat  is  equal  to  that  which  is  required  to  raise  the 
temperature  of  i  kilogramme  of  water  through  i°C. ;  and  its  mechanical 
equivalent  is  424  kilogrammetres  =  3063.5  foot-pounds. 

Labour  of  Mkn. 

Mr.  Smeaton  concluded  that  the  power  of  an  ordinar)-  labourer  at  ordi- 
nary work  was  equivalent  generally  to  work  done  at  the  rate  of  3762  foot- 
pounds per  minute.  But,  according  to  a  particular  estimate  made  by  him 
for  pumping  up  water  4  feet  high,  by  good  English  labourers,  their  power 
was  equivalent  to  3904  foot-pounds  of  work  per  minute;  and  this  he 
estimated  as  twice  tliat  of  ordinary  persons  "promiscuously  picked  up." 

Mr.  John  Walker  found  that  the  force  exerted  by  an  ordinar)'  labourer  in 
raising  weights  for  driving  piles,  average  daily  work,  was  12  lbs.  In 
working  daily  at  a  winch  or  a  crane-handle,  the  average  force  was  14  lbs. 
moving  at  the  rate  of  220  feet  per  minute,  equivalent  to  (14  x  220  =  )  3080 
foot-pounds  per  minute. 

Mr.  Glynn  says  that  a  man  may  exert  a  force  of  25  lbs.  at  the  handle  of 
a  crane  for  short  periods;  but  that,  for  continuous  work,  a  force  of  15  lbs.  is 
all  that  should  be  assumed^  moving  through  220  feet  per  minute.  The 
power  of  a  man  would  thence  be  (15  x  220  »  )  3300  foot-pounds  per  minute. 
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Mr.  G.  B.  Bruce  states  that,  in  average  work  ftt  a  pile-dnvery  a  labonrer 
exerts  a  force  of  16  lbs.,  plus  the  resistance  of  the  gearings  at  a  velocity  of 

270  feet  per  minute,  for  10  hours  a  day,  making  one  blow  eveiy  four  minutes. 
The  power  is  (16  x  270  = )  4320  foot-pounds  per  minute. 

Mr.  Joshua  Field,  in  1826,  tested  the  performances  of  men  at  a  crane 
of  rough  construction,  in  ordmar^  use.  The  barrel  was  11^  inches  in 
diameter  to  the  centre  of  the  cham;  and  the  driving -gearing  consisted  of 
two  pinions  and  two  wheels,  geared  successively,  with  an  i§-indi  handle. 
The  ratio  of  the  power  to  the  weight  was  r  to  105.  The  loads  were  thus 
so  proportioned  as  to  be  reduced  successively  to  from  10  to  35  lbs.  at  the 
handle ;  frictional  resistance  being  additional.  The  load  was  raised  through 
a  height  of  16}^  feet  in  each  experiment   The  results  were  as  follows: — 


Table  No.  251. — Power  of  Men  at  a  Crane. 


No 

Statical 

1  Equlva- 
'  lent 

of 

aaeeof 

Loud 

Railed. 

Time 

Power  in 

£s- 

the  lx>Ad 
at  the 

in 

Raising. 

Foot- 
1  pounds 

RSMASKI. 

Handle. 

per 

1  Minute. 

lbs. 

lbs. 

minutes. 

ft. -lbs. 

I 

10 

1050 

1-5  , 

11,550 

Easily  done  by  a  stout  Englishman. 

2 

15 

1575 

2.25 

11,505 

Tolerably  easuy  by  the  same  man. 

3 

20 

2100 

2.0 

17,325 

Not  t-asily  by  a  sturdy  Irishman. 

4 

25 

2625 

2.5 

17,329 

With  difficulty  by  a  stout  Englishman. 

5 

30 

3150 

2.5 

20,790 

Do.        by  a  London  man. 
With  theutmost  difficulty  by  atall  Irishman. 

6 

35 

3675 

2.2 

27,562 

7 

n 

w 

2.5 

24,255 

Do.          do.          by  a  London  man. 

8 

>» 

» 

2.83 

21,427 

With  extreme  labour  by  a  tall  Irishman. 

9 

It 

)> 

3.0 

20,2 1  2 

Withvcry  great  exertion  by  a  sturdy  I  rishman. 

10 

)} 

4,05 

1  15,134  i  With  the  utmost  exertion  by  a  Welshman. 

1 1 

:  1 

n 

Given  up  at  this  time  by  an  Irishman. 

Mr.  Field  states  that  Na  4  gave  a  near  approximatioii  to  the  maximnni 
power  of  a  man  for  2^  minutes.  In  all  the  succeeding  trials,  the  men  were 
so  mudi  exhausted  as  to  be  unable  to  let  down  the  load. 

Tt  would  appear  from  this  table  that  tlie  maximum  net  pressure  at  the 
handle  for  constant  working  would  not  exceed  15  lbs.,  exclusive  of  frictional 
resistance.  The  loads  were  only  from  l4  to  i  tons, — much  below  the 
capacity  of  the  crane;  and  the  frictional  resistance  was  disproportionally 
great  for  the  work  of  one  man.  The  author  has  found  that  when  cranes 
were  worked  up  to  their  capacity,  the  men  could  without  difficulty  exert  a  net 
pressure  of  30  lbs.  at  the  handle,  exclusive  of  frictional  resistance,  for  a 
short  time.  In  one  instance,  he  observed  that  a  very  strong  man  raised 
23  cwt.  by  a  30  cwt.  crane,  when  he  exerted  a  net  force  of  100  lbs.  at  the 
handle.  An  ordinary  man  at  the  same  crane,  raised  14  cwt.  with  difficulty, 
with  a  net  force  of  56  lbs.  at  the  handle  ;  and  the  same  man  raised  without 
difficulty  10  cwt.,  with  a  force  of  40  lbs.  at  the  handle. 

A  man  can  exert  on  the  handle  of  a  screw-jack,  of  say  1 1  inches  radius, 
a  Det  force  of  ao  Iba^,  without  difficulty. 

From  the  forcing  data,  it  spears  that  the  average  net  daily  work  of 
aa  ordinary  labmirer  at  a  pump,  a  winch,  or  a  crane,  may  be  taken  at 
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3300  foot-pounds  per  minute;  and,  allowing  one-third  more  for  the  frictional 
resistance  of  the  machine  or  apparatus,  the  total  work  done  would  be  at 
the  rate  of  4400  foot-pounds  per  minute. 

It  may  be  added  that,  taken  generally,  well-fed  English  labourers  can 
turn  a  crank  by  hand,  at  the  rate  of  from  25  to  30  turns  per  minute,  for  a 
continuance,  exerting  a  i  >ressure  of  20  lbs.  at  the  handle;  or  they  can  apply 
a  pressure  of  aS  or  30  lbs.  for  a  short  time,  or  from  50  to  56  lbs.  at  an 
emergency. 

M.  Cornet's  estimate  of  the  work  of  a  labourer  in  France,  turning  a 
crank,  amounts  to  6  kilogrammetres  per  second,  equivalent  to  2C04  foot- 
pounds per  minute,  for  8  hours  a  day  above  ground,  or  6  hours  a  day  in  a 
mine.   This,  it  is  presumed,  is  the  net  work. 

Labour  of  Horses. 

According  to  Messrs.  Boulton  &  Watt's  estimate  of  the  power  of  a  dray- 
horse,  it  could  do  work  equivalent  to  33^000  foot-pounds  per  minute,  for 

8  hours  a  day. 

Tredgold  estimated  the  work  of  a  horse  at  27,000  foot-pounds  per 
minute,  for  8  hours  a  day. 

Simms  tested  the  laboiu-  of  horses  in  raising  water: — 

23,412  foot-pounds  per  minute,  for  8  hours  a  day. 
24,360      „  „  6     „  „ 

^hos6       „  „  4}^  „  „ 

32>943       »  »»  3     »  >i 

He  preferred  the  performances  for  6  hours  and  3  hours  a  day,  as  they  were 
unobjectionable  to  the  health  and  durance  of  the  horses. 

Rennie  found  that  a  horse  weighing  1 1  cwts.  could  draw  a  canal  boat  at 
a  speed  of  2)4  miles  per  hour,  with  a  pull  of  108  lbs.,  over  a  distance  of 
30  miles  per  day.  This  performance  is  equivalent  to  a  work  of  23,760  foot- 
pounds per  minute.  He  estimated  that  the  average  work  of  horses,  strong 
and  weak,  is  at  the  rate  of  22,000  foot-jiounds  per  minute. 

Mr.  Beardmore  found  that  a  horse  eight  years  old.  weighing  10^  cwts., 
performed  39,320  foot-pounds  of  work  per  minute,  for  8  hours  a  day. 

It  is  inferred  from  the  foregoing  data,  that  the  maximum  work  done  by  an 
average  horse,  per  day  of  8  hours,  is  at  the  rate  of  25,000  foot-pounds  per 
minute.  At  the  same  time,  it  appears  from  the  results  of  trials  at  Bedford, 
to  be  noticed  subsequently,  that  the  average  work  of  a  horse  is  20,000  foot- 
pounds per  minute.   See  page  9C3. 

Good  horses  can  draw  a  load  of  i  ton  at  the  rate  of  miles  per  hour, 
during  from  10  to  12  hours.  ' 

Mr.  A.  Wilson  found  that,  in  India,  a  pair  of  well-fed  bullocks  raised 
82  bags  of  water  22  feet  high  in  i  hour,  for  a  morning's  work  of  4^  hours. 
Kach  bag  contained  4}(  cubic  feet  of  water,  and  the  work  was  equivalent 
to  8000  loot-pounds  per  minute. 

Work  of  Animals  in  Carrying  .  Loaos.^ 

Mm — Carrying  by  Hand, — ^Labourers  wheeling  millstone  in  barrows,  on 
the  quays  of  Paris,  a  distance  of  33  to  27  yards,  making  25  to  30  trips  per 

'  D«ta  derived  from  Lcs  Moyms  d*  ThuupffH,  fay  M.  Alfred  fivnod,  1873,  vol.  i. 


Digitized  by  Google 


LABOUR  OF  ANIMALS.  721 

hour;  the  daily  work  performed  is  equivalent  to  the  carriage  of  from  330  to 
400  lbs.  I  mile. 

The  following  are  other  cases  of  daily  labour,  showing  the  useful  weight 

carried  i  mile: — 

In  Belgium,  working  in  couples,  one  man  carries  560  lbs.  i  mile. 
At  Port  Royal,  loading  pig-iron,  one  man  carries  160  lbs.  i  mile- 
At  Paris,  loading  sugar-loafs,  86  lbs. 

Mm — Carrying  on  the  Back, — Carrying  tiles  or  bricks,  net  load  106  lbs.; 
day's  work  600  ll».  carried  i  mile. 

Carrying  coal  in  mines,  net  load  90  to  xoo  lbs. ;  day's  work  344  lbs. 
I  mile.    Another  case,  net  load  100  to  130  lbs.;  day's  work  340  lbs. 

I  mile. 

lx)ading  coke  into  waggons,  net  load  100  lbs.;  day's  work  270  lbs. 

I  mile. 

Discharging  coke  on  the  ground,  net  load  100  lbs.;  da)  s  work  330  lbs. 
I  mile. 

Discharging  coal  on  the  ground,  Port  Royal;  net  load  106  lbs.;  day's 
work  370  lbs.  I  mile. 
Discharging  coal  on  the  ground,  Paris;  net  load  no  lbs.;  day's  work 

560  to  960  lbs.  I  mile. 

Charging  small  coal  into  boats,  Kive-de-^jier;  190  lbs.  net  load;  day's 
work  1 230  lbs.  I  mile. 

On  the  baik  of  a  Horse. — 'i'he  load  carried  by  a  horse  on  its  back  varies 
generally  from  220  to  390  lbs.,  about  27}^  per  cent  of  the  weight  of  the 

Canying  a  man  of  176  lbs.  weight,  at  about  3)^  miles  per  hour;  day's 
work  4400  lbs.  r  mile. 
Carrying  a  load  of  a6o  lbs.  for  10  hours  at  3)4  miles  per  hour,  6540  lbs. 

1  mile. 

Trotting  with  a  man  of  176  lbs.  weight,  at  5  miles  per  hour,  for  7  hours; 
day  s  work,  6 too  lbs.  i  mile. 

On  tfu  back  of  a  Mule. — At  Buenos  Ayres;  net  load,  170  to  220  lbs.; 
day's  work  6400  lbs.  x  mile. 

In  Spain,  net  load  400  lbs.  at  3.9  miles  per  hour;  day's  work  5300  lbs. 
I  mile. 

In  France,  net  load  330  Iba.  at  3  miles  per  hour;  day's  work  5000  lbs. 

I  mile. 

On  the  back  of  an  Ass, — Load  176  lbs.,  carried  19  miles;  day's  work 
3300  lbs.  I  mile. 

The  asses  in  Syria  can  carry  from  450  to  550  lbs.  of  grain. 

On  the  back  of  a  Camel. — Load  550  lbs.  carried  30  miles  per  day  for 
4  days,  resting  on  the  5th  day.  For  4  days,  day's  woric  16,500  lbs.  x  mile. 
For  5  days,  13,000  lbs.  i  mile. 

The  ordinary  load  for  a  dromedary  is  770  lbs. 

On  the  back  of  a  Lama, — Load  iio  lbs.;  day's  work  3000  to  3000  lbs. 
1  mile. 
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The  fiiction  between  surfaces  pressed  together,  whether  flat  or  round,  of 
which  one  is  moved  on  the  other,  is  said  to  be  in  the  direct  ratio  of  the 
pressure,  and  to  be  independent  of  the  velocity,  and  of  the  area  of  the 
surfiices  pressed  together,  up  to  what  may  be  called  the  elastic  limit,  or  the 

Table  No.  252. — Friction  of  Journals  in  their  Bearings. 


Diameten  fron  a  to  4  inches.   Speeds  varied  as  i  to  4.  Pleasures  ap  to  a  tons  nearly. 

(Reduced  from  M.  Mofin*s  data.) 


LvaaiCAMT. 

Cooflkicot 

Ordinary 
LubricMMMb 

orFMeiioik 

JOIfSMiUJ.  Bbabimgs. 

Gtft  iron  on  gun  metal.... 

Cast  iron  on  lignum  vitae 

Wrought  iron  on  cast  iron 
Wrought  iron  on  gun  metal 
Wrought  iron  on  lignum  ) 

'  Lard,  olive  oil.  or  tallow 
The  same  lubricants, ) 

Unctuous  and  wetted... 
(  Lard,  olive  oil,  or  tallow 

)  Surfaces  unctuous   ' 

\  Unctuous  and  wetted  ... 

'Wood  slightly  unctuous 

X  Unctuous  

Unctuous,  With  mixture  ) 
^   oflard  and  plumbago  $ 
Olive  oil,  tallow,  or  lard...  j 
(  Olive  oil,  tallow,  or  lard  > 

\  Unctuous  and  wetted.... 

pressures  I 

.07  to  .08 

.08 

.054 
.14 

.14 

.07  to  .08 

.16 

.16 

.10 

.14 

.07  to  jo8 
.07  to  .08 

.09 
.19 

.2S 
.11 

•19 
.10 

■09 
.12 

.15 

pressure=i. 

j  .03  to  .054 
.03  to  .054 

.09 

.03  to  .054 
.03  to  .054 

.07 

Gun  metal  on  gun  metal...  | 

Lignum  vitac  on  cast  iron 
Lignum  vitae  on  lignum  i  j 

Urd  ; 

Lard  
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limit  beyond  which  abrasion  takes  place,  function  is  of  two  kinds: — sliding 
or  rubbing,  and  rolling;  and  the  frictionai  resistance  to  the  commencement 
of  motion,  after  two  bodies  have  rested  sometiiiie  in  contact,  is  greater  than 
Uie  friction  between  bodies  of  which  one  is  ahready  in  motion  upon  the 
other. 

M.  Morin's  experiments  afford  the  principal  available  data  for  use. 

Though  the  constancy  of  friction  holds  good  for  velocities  not  exceeding 
15  or  16  feet  per  second ;  yet,  for  greater  velocities,  the  resistance  of  friction 
appears,  from  the  experiments  of  M.  Poiree,  in  1851,  to  be  diminished  in 
some  proportion  as  the  velocity  is  increased. 

Table  No.  2 5 3. —Friction: — Results  op  Exprrimbnts. 

(Reduced  from  M.  Morin's  data.) 


Dcacrqttion  of  SuHaces  tn  Contad. 


Oak  on  oak  

Do.   

Do  

Do  

Different  wocds  on  oak  

Wrought  iron  on  oak....  

Do.  do  

Do.  do  

Cast  iron  on  oak  

Do.  do.  

Do.  do  

Brass  on  oak  

\V  rought  iron  on  elm  

Cast  iron  on  elm  

Leather  on  oak  ,  

Do.  do  

Leather  belt  on  oak  (fiat)  

Do.       on  oak  pulley  

Leather  on  cast  iron  &  on  bronze 

Do.       do.  do. 

Da       do.  do. 

Do.       do.  da 
Wrought  iron  on  cast  iron  

Do.         on  bronze  

Cast  iron  on  cast  iron  

Do.    on  bronze  

Bronze  on  bronze  

Da  on  cast  iron  

Do.  on  wrought  iron  

Oak,  elm,  yoke  elm,  cast  iron,  ) 
wrought  iron,  steel,  and  f 
bronze,  sliding  on  each  I 
other^  or  on  themselves  ) 


Itaret. 


parallel 


ft 


perpendicular 
on  end,  on  side 
parallel 


99 
ft 

n 
ft 
n 
n 
ft 
n 
n 
» 

n 


perpendicular 


Suue  of  the  Suriaoe*. 


dry 
soaped 
dry 

ft 
ft 
tt 

wetted 
soaped 

dry 
wetted 
soaped 
d^ 
ft 
tt 
»» 

wetted 
dry 

ft 


tt 

wetted 


unctuous  and  wet 

oiled 
slightly  unctuous 

ft 
ft 

>» 

dry 
ft 

slightly  unctuous 
f  lubricated  in^ 
the  ordinary 
way,withlaray  ( 
tallow,  oil,  &c.^ 
continuously  } 
lubricated  J 
^slightly  unct'ous 


Coeffidentof 


pre»sure=i. 

.16 
•34 

.36  to  .40 
.62 

.26 

.21 

•49 

.23 

•19 
.62 

.25 

.20 

.30  to  .35 

.29 
.27 
.47  . 

.after  resting 
in  contact.; 
.56 

.36 
.23 

::i 

.18 

.15 

•IS 
.20 

.22 

.16 

.07  to  .08 

•05 
•15 


Digitized  by  Google 


724  FRICTION  UF  SOLID  BOUlliS. 

It  appears  from  the  table  No.  252  that  the  frictkmal  resiitaace  of  metal 
jounuUs  revolving  in  metal  bearings  is  unifioniL  for  all  metals,  with  one 
exception;  and  that  the  resistance,  with  continuoas  lubricationy  if  only 
56  per  cent  of  the  resistance  with  ordinaiy  lubrication: — 

JovuiAL.  Bbarimg.  LttbricBtioo.  Coefficient. 

Cast  iron  in  cast  iron  n    -,«ii™y    i  07  to  .08,  or  V,^  to  V,:,., 

Cast  iron  in  gun  metal....  /  ^    (      mean  .075,  or  V13.3 

Wrought  iron  in  cast  iron  C  continuous  i  '^^  ^  .054,  or  V33  ^  V18.5 
Wrought  iron  in  gun  metal  /  \       mean  .042,  or  7,4 

Gun  metal  in  gun  metal;  ordinary,  .10,  or  '/loth. 

Additional  data  derived  from  die  frictioa  of  mill-shaftings  are  given  under 
Shafting. 

Friction  oh  Rails. 

M.  Poircc's  experiments  on  the  Paris  and  Lyons  railway  were  made  with 
a  waggon,  presumably  having  four  wheels,  of  which  the  brake  was  screwed 
up,  so  that  the  wheds  were  skidded.  The  resistance  to  traction,  or  the 
friction  on  the  rails,  at  various  velocities,  was  as  follows: — 


Table  No.  254. — Sledging  FkicnoN  of  a  Waggou  ok  Rails. 

M.  Poire^s  Coefficients. 


Euftf  Waggon*  3.40  toab 

Stats  or  mm  Rails. 

Vdod^  ofWagfoa. 

Dry. 

Very  Dry. 

Damp. 

1  try  and 
Ku&ty. 

Dry.  Springs 
gagged. 

13  to  20 
20  to  26 
26  to  33 
33  to  46 
46  to  60 
60  to  72 

mfle*  per  hour. 

9  to  14 

14  to  18 

18  to  22 
22  to  30 

30  to  40 
40  to  50 

weights  1. 

.20S 

•'79 
.167 

.144 

weight=i. 
.246 

.222 
.202 
.187 

weiglnss. 
.110 
.083 

weightKs. 

.201 
.182 

.162 

Miglll  I. 

.200 

.172 
.154 
.13a 

Comparatiye  Coefficients  of  Friction  for  DilTerent  Weights ;  Rails  Dry. 

Spoed,  30  feet  per  second; 
or  ao  mtlet  per  hour. 

Empty  waggon,  340  tons 
Loaded  waggon,  645  „ 

.169 

At  speeds  under  20  miles  per  hour,  it  appears  from  the  table  tliat,  when 
the  rails  are  dry,  the  coefficient  of  friction,  or  the  adhesion,  is  one-fifth  of 
the  weight,  and  that  on  very  dry  rails  it  is  one-fourth.   As  the  speed  is 

increased,  the  adhesion  is  reduced. 

These  data  are  corroborative  of  the  results  of  the  author's  experiments 

on  the  ultimate  tractive  force  of  locomotives  ou  dry  rails,  from  which  he 
obtained  a  coeftirient  of  friction  equal  to  one-filUi  of  the  weight,  at  speeds 
of  about  10  miles  per  hour. 
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They  are  corroborated  by  the  experience  of  train-brakes  on  the  District 
Railway,  London.  The  gripping  force  of  the  brake  is  greatest  just  before 
the  train  is  brought  to  a  state  of  rest 

It  is  seen  from  the  table  that»  on  damp  na^  the  coefficient  of  friction,  at 
20  miles  per  hour,  was  reduced  to  one-ninth. 

In  the  second  part  of  the  table,  it  is  seen  that  the  coefficient  of  friction 
increases  in  a  ratio  rather  less  than  that  of  the  weight 

Work  Absorbed  by  Friction. 

The  product  of  the  total  pressure  between  the  rubbing  surfaces  by  the 
coefficient  of  friction,  is  the  total  fricdonal  resistance;  and  the  product  of 
this  resistance  by  the  space  through  iriiich  it  acts,  is  die  work  done,  or 
absorbed,  by  friction.  Let — 

Wsthe  load  or  ptessure,  in  pounds, 
/s  the  coefficient  of  fncdon  betireen  the  two  suifru:es, 
X  =  the  space  passed  through  by  one  sur&ce  on  the  odier,  in  feet, 

/=  the  time  in  minutes, 

V  =  the  velocity  at  the  surface,  in  feet  per  minute, 

S  =  the  speed  of  revolution,  or  number  of  turns  per  minute, 

U  =  the  work  absorbed,  in  foot-pounds, 

H  -  the  horse-power  absorbed, 

^=  the  diameter  of  the  axle-joumal,  or  of  the  pivot,  in  inches, 
r = the  radius  of  the  axle-joumal,  or  of  die  pivot,  in  inches, 

a  -  half  the  angle  at  the  apex  of  a  conical  journal  or  a  conical  pivot, 
/  -  the  axial  length  of  the  rubbing  surface  of  a  conical  pivot,  in  indies. 

The  space  described  by  a  cylindrical  journal  for  one  turn,  is  equal  to  5.14  d, 
in  inches,  or  to  .26  i/,  in  feet;  and  by  the  flat  end  of  a  cylindrical  pivot, 
the  space  described  is  equal  to  two-thirds  of  this  quantity,  in  the  ratio  of 

the  mean  diameter  to  the  extreme  diameter,  or  .175  rf,  in  feet.  For  a 
conical  pivot,  the  mean  diameter  is,  as  for  a  flat  pivot,  two-thirds  of  the 
extreme  diameter  of  the  rubbing  surface  of  the  pivot,  aiui  tlie  spare 
described  for  one  turn  is  expressed  by  .  1 75  ^,  in  feet  But  the  pressure  on 
the  surfiu:e  of  the  conical  pivot,  compared  with  the  pressure  on  a  flat  pivot, 
is  greater  in  the  ratio  of  the  slant  length  of  the  pivot  to  the  extreme  radius 

of  the  rubbing  surface,  or  as  radius  to  sine  a;  or  as  -y/^'  +    to  r. 

The  pressure  on  the  surface  of  a  conical  journal,  is  to  that  on  a  cylin- 
drical journal  of  the  same  length  and  extreme  diameter,  as  radius  to 
cosine  a. 

Work  Absorbed  by  Friction. 
z.  On  a  flat  surface  U  =  /W  x  s  (  i  \ 

2.  On  a  cylindrical  journal,  for  one  turn  U  -  fW  x  .26  d.....  (  2  ) 

3.  Onthesquareendofacylindriodpivot, )  jj  ,    ,  v 

for  one  turn  ^  u  -/  vv  a...  ^3; 

4.  On  a  conical  journal,  for  one  turn  i  U  -/^  ^      d      /  v 

I  cos  a 

5.  On  a  conical  pivot,  for  one  turn  i  U--^^.'*-^^^^...  (  5  ) 

K  sme  o 

The  second  formula,  ( 2 ),  is  applicable  to  the  cases  of  fricdon-couplings 
or  fricdon-biakes. 
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The  horse-power  al^sorbed  by  continuous  frictional  action  on  a  flat  sur- 
face, or  surface  of  other  form,  is  equal  to  the  product  of  the  resistance  by 
the  velocity,  divided  by  33,000.  On  a  joamal  or  a  pivot,  it  is  equal  to  the 
work  absorbed  in  one  turn,  multiplied  1^  the  speed,  and  divided  by  33,000. 

Scrse-Pcwer  Absorbed  by  FncHmk 
I.  On  a  flat  surface  {       33  000 

a.  On  a  cylmdncal  journal  j  H  =     ^^^^   "T^t^  

3.  On  a  cylmdncal  pivot..  I  H  =  ^3^^^  (8> 

...       ,     f  „    /WSx.26^     •  /WSdT  ,  , 

4.  On  a  conical  journal....  <  H  =     ^^^^  ^  "  Tzzzr— — irr"  (  9  ) 

^  ^1        33,000  X  cos  a    127,000  X  cos  a  ' 

5.  On  a  conical  pivot  <  H  =  ^   ^   ^  ~ To^  ^  (10) 

*'  (       35>o^  ^  sm  a    109,000  x  sin  a       ^  ' 
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TOOTHED  GEAR. 

In  a  pair  of  toothed  wheels,  or  pinions,  geared  together,  the  re- 
lative angular  velocities  or  speeds,  or  number  of  turns  per  minute, 
are  invenely  as  their  diameters,  or  as  their  radii;  and  in  a  train  of 
wheels  and  pinions,  like  that  in  Fig.  315, 
suppose  the  axle  A  makes  27  turns  per 
mmute,  and  that  the  diameters  of  the  wheel 
and  pinion  through  which  it  drives  the  ^  ^  • 
axle  C,  are  as  7  and  3,  the  axle  C  makes 

(27  X  -  - )  63  turns  per  minute.  Again,  the 

3 

axle  C  drives  the  axle  D  by  a  wheel  and  a 
pinion  having  diameters  also  as  7  to  3,  and  " 

the  speed  of  D  is  (63  x  2  =  )  147  turns  per  3«5.-Toothed  Gear. 

3 

minute.   Finally,  the  axle  B  is  driven  by  D  by  gearing  as  7  to  3,  and 

D  mates  (147  X  2  .)  343  turns  per  minute.    The  successive  accelerations 

of  speed  are^  then,  as  follows: — 

Axle  A  driving  axle  C  as  3  to  7 

»   C        „        D   »  3  to  7 

»»   I>       »        B   „  3  to  7 


Total  acceleration  as  37  to  343 

Hece,  die  total  ratio  of  accelemtion  is  found  by  multiplying  together  the 
first  tenns  of  the  ratios,  and  the  last  terms  of  the  ratios ;  equivalent  to  the 
ratio  of  I  to  12.7,  since  343  +  27  =  12.7. 
It  is  seen  that,  in  this  example,  the  acceleration  of  speed  takes  place  by 

equal  additions,  in  the  ratio  of  3  to  7.  To  find  what  this  common  ratio 
must  be,  when  the  initial  and  final  speeds  alone  are  given,  take  the  cube 
root  of  the  compound  ratio  of  total  acceleration,  that  is. 


V    27    3'     'V    I         I  ' 


giving  the  common  ratio  3  to  7,  as  already  employed,  or  i  to  2^,  which  is 
the  same. 

The  third  root  is  taken,  because  there  are  three  accelerations  of  speed. 
If  tfam  were  only  two  accelerations,  the  square  root  would  be  taken;  if 
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four  accelerations,  the  fourth  root.  In  general,  to  find  the  common  ratio, 
take  that  root  of  the  total  ratio,  the  index  of  which  is  eqtial  to  the  number 
of  accelerations.   The  same  rule  applies  in  cases  of  reduction  of  speed. 

When  the  speeds  are  increased  by  ratios  which  are  different  from  each 
other,  the  ratios  are  nevertheless  to  be  multiplied  together,  as  already 
exemplified,  to  find  the  resultant  ratio. 

In  making  this  multiplication,  in  the  above  example,  the  ratio  3  to  7  miirht 
have  been  replaced  by  the  equivalent  ratio  i  to  2yi.  This  ratio  nuiltij)lie(l 
twice  by  itself,  produces  the  total  ratio  i  to  12.7;  and  27  x  12.7  ^  343,  ilie 
final  speed  in  turns  per  minute. 


Fig.  316.— Toothed  Gear. 


The  numbers  of  teeth  in  the  several  Avheels  and  pinions  of  each  pair,  are 
necessarily  jirojiortional  to  their  diameters;  and  they  may  be  employed 
instead  of  the  diameters,  to  express  the  ratios;  and  be  multiplied  together 
to  find  the  resultant  ratio. 

Pitch  of  the  Tffth  of  Wheels. 
The  pitch  of  the  teeth  of  wheels  is  the  distances  apart  from  centre  to 
centre  of  the  teeth,  measured  on  the  pitch-circle.    The  J>iicJi-cird€y  or  J>ikh- 
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line^  is  the  circle  passing  tiirough  the  body  of  the  teeth,  which  expresses 
theviitual  or  normal  circumference  of  the  wheel;  it  would  be  the  actual 
dicumference  if  the  teeth  were  indefinitely  small,  when  the  wheel  and 
pinion  might  work  together  by  frictional  contact  In  the  annexed  Fig.  316, 
showing  the  halves  of  a  wheel  and  a  pinion  in  gear,  A  B  is  the  line  of 
centres,  and  C  C  and  C  C  are  the  pitch  circles  touching  at  c\  the  divisions 
A  c  and  B  t*,  of  the  line  of  centres,  being  the  pitch-radii  of  the  wheels.  The 
arc  of  the  ])itch-circle,  between  /  and  /,  is  the  pitch  of  tlie  teeth,  and  it 
comprises  a  touth  and  a  space. 

The  numbers  of  teeth  in  the  wheel  and  the  pinion  are  in  the  same  ratio 
as  the  diameters  of  their  pitch-drdes.  Let  N  =  the  diameter  of  any  wheel 
at  die  pitch-line,  P  » the  pitch,  » = the  number  of  teeth;  then, 

^  =  3:Hi6^D;    P  =  3.i4i6xP;    D  =  «x-^         (i),  W,  (3). 

In  ordinar)'  practice,  the  pitches  most  commonly  used  range  from  i  inch  to 
4  inches,  advancing  by  eighths  to  2  inches,  and  thence  by  fourths  of  an 
inch.  Below  i  inch,  the  pitches  decrease  by  eighths  down  to  ^  inch. 
Sir  William  Fairbairn  employed  the  following  pitches : — 

Spur  Fly-WhaJs,—^,  4/2,  4,  3>^,  3}i>  3,  ^'A.  2,  inches. 

Spwr  and  BeiM  Wheds  for  MiUwark.--^,  4/2,  4,  3,  2^,  2>^, 

aK,  «J<t  a»  i^,  i^,  If  H  inches. 

For  toolwork  the  pitches  usually  range  from  i  inch  to  %  inch. 

To  save  calculation  in  the  application  of  the  fonnulas  (i)  &  (3X  the  values 

^3.1416^  and  -  ^     for  particular  pitches,  are  given  in  the  table  No.  255. 


Table  Na  255. — ^Toothed  Wheels — Multipliees  for  the  Nubiber 

OF  Teeth  and  the  Diameter. 

(Rules  I  and  3 ). 


6 

5 

4>i 
4 

3% 

3% 
3 

2H 

2H 

2X 
3 


Multiplier  for 
the  Number 
of  Teeth. 


3J1416 
pitcfi. 

.5236 
.6283 
.6981 

■7854 
.8976 

.9666 
1.0472 

1. 1333 
1.2560 

1-3963 
1.5708 

1.6755 
1.7952 


Multiplier 

for  on 
Diameter. 


pitch 
3.1416. 

19095 

1.5915 

1.4720 
1.2732 
I.I  141 

1.0345 
•9547 
.8754 

.7958 

.7135 
.6366 

•5937 
■5570 


iH 
iX 

I 

H 
H 

H 


Multiplier  for 
the  Number 
of  Teeth. 


phch. 

1.9264 

2.0944 
2.2848 
2.5132 
2.7926 
3.1416 

3^5904 
4.1888 
5.0266 
6.2832 
8.3776 
12.5664 


Mukiplier 
fbrUM 


pitch 
3.1416. 

.5141 

•4774 
.4377 

•3979 
.356S 
.3183 
.2785 
.2387 
.1989 

.1194 
.0796 
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Table  No.  256. — Diameter  op  Toothed  Wheels. 


(Given  the  pitch  and  the  number  of  teeth.) 


Pitch  i> 

1  Inchis. 

I 

iMrof 

TOBtll. 

I 

»  1/ 

2 

2X 

2 

2M 

3 

3.4  1 

Indies. 

incHcs. 

inches. 

inches. 

inches. 

inches. 

inches.  1 

1 

lift 
.310 

.390 

Jl77 

''Ml 

CC7 

fill 

-  /  *4 

706 

87  c 

occ 

104! 

2 

.636 

.955 

I.  14 

1.27 

1.41 

1-59 

1.75 

1. 91 
3.86 

2.07  1 

I 

•J 

!•  193 

1-43 

1.67 

1.91 

2.14 

3.39 

2.63 

3.  10  1 

4 

1.27 

1. 591 

1.91 

2.23 

2-55 

2.85 

3.18 

3.50 

3-82 

4- 14  I 

5 

I-59 

1.989 

2.39 

2. 79 

3.18 

3-57 

398 

4-38 

4-77 

5-  i  7 

A 
\j 

^•307 

2  86 

7  82 

±  28 

4  78 

C  2C 

621 

7 

4.QQ 

5.57 

6.11 

7.24  I 

I 

3.182 

3-82 

4.46 

5-09 

5.71 

6.37 

7.00 

7.64 

8.28' 

0 

✓  1 

2.86 

3.580 

4- 30 

5.01 

5-73 

6.42 

7.16 

7.88 

8.59 

9-31 

10 

3.18 

3.98 

4-77 

5-57 

6-37 

7-H 

7.96 

8.75 

9-55 

10-35 

7.90 

12  71 

Iy|  27 

1  C  Q2 

17  CI 

19. 10 

OC%  f\Ck 

J** 

16.71 

IQ.  10 

21.41 

26. 26 

38.64 

11.04 

40 

12.73 

19. 10 

22.28 

25.46 

28.54 

3»-83 

35.02 

38.19 

4»-38 

iQ.Sg 

23.87 

27.85 

31.83 

35-67 

39' 79 

43-77 

47-74 

SI. 73 

lo 

19.09 

23.87 

28.64 

33-42 

38.20 

42.81 

47'75 

52.52 

57-39 

62.07 

70 

22.27 

on 

27.05 

33-4* 

JO-tV 

44. 

^0  Oil 

CC  71 

61  28 

66.84 

T^  .4  ^ 

80 

n  82 

18.  IQ 

iid.  ^6 

57.08 

61.66 

70.01 

76. 18 

82.76 

90 

28.64 

35- 80 

42.97 

50- 13 

57-29 

64.21 

71.62 

78.78 

85-93 

93- 11 

100 

39- 78 

47-74 

55- 70 

63.66 

7'-35 

79- 58 

87.54 

95.48 

103.45 

110 

3S0O 

43.76 

52.51 

61.27 

70.03 

78.48 

87-54 

96.29 

105.03 

113.80 

1  *v 

'  78  18 
1  30-10 

47-74 

76  10 

8c  62 

oc  Co 

105.05 

1 14.50 

1          t  4 

I  ^0 

41.16 

CI. 72 

62.06 

72.dl 

82.76 

101. 4C 

1 13.80 

124. 12 

1 14  CO 

140 

44-^4 

66.84 

77.98 

89.12 

99-89 

111.41 

122.56 

133. 67 

144-83 

150 

47-73 

59.67 

71.61 

83-55 

95-49 

107.03 

"9-37 

131-31 

143.22 

155.  18 

160 

50.91 

63.65 

76.38 

89.12 

101.86 

II4.I6 

127-33 

140.06 

»52.77 

165.52 

I  m 

34.  lU 

07.03 

81  16 

r\A  An 

y4.oy 

I.4K  S2 

186.2* 

S7.28 

71.60 

100.26 

1 14..  i;q 

128.4.1 

141.24 

1  ^7  ^7 
*  JI • J 1 

171.06 

190 

60. 46 

75-58 

90.71 

105.83 

120.95 

135-57 

151.20 

166.31 
175.08 

181. 41 

196.56 

200 

63.64 

79.56 

95.48 

111.40 

127.32 

142.70 

159.16 

190.96 

206.90 

210 

66.81 

83-55 

100.26 

116.97 

133.68 

149.82 

167.13 

163.84 

200.52 

217.26 

220 

70,00 

87-52 

105.03 

122.54 

140.06 

156.96 

175.08 

192.58 

210.06 

227.60 

230 

73- 19 

91.49 

109.80 

128. 1 1 

146.42 

164.11 

183-03 

201.34 

219.60 

237.94  1 

240 

76.36 

95.48 

114.56 

13368 

152.78 

171.24 

191.00 

210.10 

229. 16 

248.28 

2(0 

99-45 

"9-35 

1  ^39-25 

1»59.I5 

178.37 

1  198.95 

218.85 

238.70 

258.63 
269.00 

30O 

103.44 

124.12 

144.83 

1 165.5a 

185.50 

1  206.90 

'  237.60 

248.34 

270 

85.92 

107.40 

128.91 

'50- 39 

173-87 

192.63 

214.86 !  236.34 

222.82  '  245.  T2 

257.79 

279-33 

280 

89.08 

III. 40 

133.68 

155-96 

178.24 

199.78 

267.34 

280.66  1 

290 

1 

92.28  115.36 

1 95.49 1 119.34 

i  »38.45 
!  i43-a2 

1  '^'-^ 
167.10 

.  184.61  i  206.91 
1 190.98 1 214.05 

230.  78 

253.86  276.89 
262.62  1  286.44 

1300.01 
13«o.35 

Appbndix  to  Table. — To  6nd  the  diameters  for  pitches  under  i  inch,  namely, 

M  I  s/,6  I  >i  I  7/i«  I  M  I        I  H  I  "/t«  I  K  i  «Vt«  I  H  inch, 
refer  to  the  columns  in  the  table,  respectively,  for 


«   \  1%  \   I   I         I       I  »K   I  «>i  i   3K   I  »K  inches; 

and  divide  the  quantitiM  in  than  cohwuM  by  dMoamspeadinff  diviaoi^  folkwinf  :— 

4         4     I    4    I     4     I    •    I     4     I    3    I     4      I    t    I      4     i  • 

To  find  the  diameter  for  pitches  abovs  3)^  inches,  namely, 

3H  I    4     I  I     S    I  I  <iMlMt> 

vefer  to  dis  *^«'—  in  the  uble,  respectively,  for 

lY*  \    a    I  aJi  I  >3<  I         i  3inches; 
and  multiply  the  quantities  in  these  colnmns  hy  a. 

To  find  the  diameter  for  aiiv  number  of  teeth  between  10  and  300,  not  specified  in  the  table.  Hnd  the  dia- 
pifters  for  the  tens*  and  hundred*  in  the  number,  and  for  the  units:  the  sum  of  these  dinmciers  is  the  required 
di.imctcr  For'a  wheel  of  i-inch  pitch,  with  135  teeth,  for  example:-  the  diamct-  r  f  r  130  teeth  is  41.36 
incbck,  and  fur  5  teeth  it  is  1.39  inches;  and  41.36  •!>  i.s9=4a.9iS  inches,  the  required  duuneter  for  135  leetK. 
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Rule  i.  To  find  the  Number  oj  Teeth  in  a  n'fuel  of  a  given  diamder  and 
piteh. — Multiply  the  diameter  in  inches,  by  the  multiplier  in  the  second 
column  of  the  table,  opposite  the  given  pitch.  The  product  is  the  number 
of  teeth* 

Rule  a.  Tb  fhd  the  JXamiier  tf  a  Wked  having  a  given  mmber  and  pitch 

of  tedh, — Multiply  the  number  of  teeth  by  the  multiiilier  opposite  the  given 
pitch,  in  the  third  column  of  the  table.   The  pioduct  is  the  diameter  in 

mches. 

Note  to  Rule  i. — When  the  answer  contains  a  fraction,  the  diameter  re- 
quires to  be  slightly  altered,  so  as  to  bring  out  a  whole  number  of  teeth. 
For  this  purpose,  take  the  nearest  whole  number  of  teeth  to  the  answer 
given  by  the  rule,  and  find  the  modified  diameter  for  that  number,  by 
Rule  2. 

Form  of  the  Teeth  of  Wheels. 

That  the  teeth  of  wheels  and  pinions  may  work  together  smoothly, 
steadily,  without  nibbing  friction,  and  with  uniform  motion,  they  should 
be  shaped  to  epicycloidal  forms  on  the  faces,  and  h)T)ocycloidal  forms  on 
the  flanks, — being  the  portions  of  the  sides  of  the  teeth  respectively  above 
and  belov  the  pitch-line.  These  forms  are  explained  and  exemplified  at 
pages  19  and  aa 

With  respect  to  the  formation  of  the  flanks  of  the  teeth  of  the  wheel, 
when  the  generating  circle  has  half  the  diameter  of  the  pitch  circle,  the 
hypocydoid  described  by  it  is  a  straight  diametrical  line,  and  ther^ore  the 
flanks  are  straight  and  radial  to  the  centre,  as  in  the  Fig.  318,  next  page. 


Fig.  317.— Formation  of  TeeUi  of  Wheels. 


Similarly,  with  a  generating  circle  having  half  the  diameter  of  the  pitch- 
circle  of  the  pinion,  the  flanks  of  the  teeth  of  the  pinion  are  also  straight 
and  radial.  If  now  the  same  generating  circles  be  employed  to  form  the 
faces  of  the  teeth  of  the  other  wheel  or  pinion  respectively,  the  wheel  and 
pinion  will  work  truly  together.  For  example,  let  the  template  B,  Fig.  317, 
cut  to  the  pitch-circle  of  the  wheel,  be  screwed  to  a  hardwood  board  C.  Set 
off  the  thickness  a  r  of  a  tooth,  on  the  pitch-circle  dd^  and  apply  the  segment 
D,  of  which  the  radius  b  eqiml  to  half  die  radius  of  the  pinion.  With  a 
tracing  point  /,  inserted  obliquely  at  the  edge  of  D,  roll  the  segment  D 
on  the  template  6,  .so  as  to  describe  the  epicycloidal  curve  a  t;  and,  in  the 
same  way,  describe  the  counterpart  ct.   The  two  &ces  of  the  toodi  are 
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thus  formed.  To  draw  fhe  flanks  of  the  tooth*  tntoe  the  aic  i/^  on  the 
board  C  C,  and  remove  B;  screw  the  board  to  a  atip  of  deal  A,  Fig.  3x8, 
and  find  the  centre  of  the  pitch-circle,  on  the  slip  A ;  draw  the  radii  a  b 
and  eb^to  form  the  flanks,  which  are  slightly  rounded  at  the  base  h,  to  join 
the  arc  //,  drawn  thrott^  the  roots  of  Uie  teeth.  The  end  of  the  tooth  is 
defined  by  the  arc^^. 


4'^    i 

Fig.  3i&<~F«nnattoB  of  Teeth  of  Wheels. 

Performing  the  same  operation,  conversely,  for  the  teeth  of  the  pinion, 
the  wheel  and  the  pinion  so  constructed  work  truly  together.  In  the 
wheel  and  pinion.  Fig.  316,  are  ^own  the  generatmg  circles,  having 

diameters  equal  to  the  ladii  of  the  respective  wheels.^ 

Whilst  a  wheel  and  pinion,  or  two  wheels,  having  their  teeth  so  con- 
structed, work  truly  together,  the)  do  not  work  truly  with  wheels  or  pinions 
of  other  diameters.    For  bevil-wheels,  this  peculiarity  is  of  no  moment, 

since  they  can  only  work  by  pairs;  but,  for  spur-wheels,  it  is  convenient  that 
any  two  wheels  of  the  same  pitch  should  be  capable  of  working  truly  together. 
This  proj)erty  of  interchangeableness  is  secured  by  the  emj)loymcnt  of  the 
same  generating  circle  for  both  flanks  and  faces,  and  for  all  diameters,  as 
well  as  for  racks.  The  minimum  number  of  teeth  may  be  taken  as  12,  and 
the  diameter  of  the  common  generating  cirde  may  be  taken  as  equal  to  the 
radius  of  the  pinion  of  12  teeth.  Teeth  of  wheels  so  formed  ]ia\  e  the 
flanks  rather  excessively  taf^ered  :  but,  !)y  reducing  the  taper,  or  thinning 
the  tooth,  for  a  distance  of  half  the  iicight  of  the  flank  measured  from  the 
root  of  the  tooth,  the  working  durability  of  the  tooth  is  murh  increased, 
and  steadiness  of  action  is  promoted  even  when  the  tooth  has  become 
considerably  worn.  If  the  full  form  of  the  flank  of  the  tooth  be  retained, 
a  shoulder  is  gradually  worn  into  it,  by  which  a  tendency  is  induced  to 
force  the  wheel  and  pinion  out  of  gear;  but  in  cutting  away  the  flanks  near 
the  base,  iftSsX,  the  working  portion  of  the  flank-^ur&oe  remains,  shoulders 
can  only  be  formed  after  very  e\(  essive  wear.- 

Involute  Teeth. — The  teeth  of  two  wheels  will  work  truly  together,  when 
their  acting  surfaces  are  involutes.   The  involute  curve  may  be  described 

^  There  is  an  error  in  the  form  of  the  flanks  of  tlie  teeth  as  shown  in  Fig.  316;  they 
should  hsTe  been  straii^ht  and  mdial. 

'  Ml.  Robert  Wilson,  of  Patiicioft,  emplovs  this  method  of  formirifj  the  teeCh  of  spar- 
-wheels.    The  author  is  inddited  to  him  lor  the  above  particulars  about  it. 
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mechanically: — Let  A,  F^.  319,  be  the  centre  of  a  wheel,  and  m  n  a  9t 
thread  lapped  round  its  circumference.  The  curve  ab  described  by  a 
pin  at  the  end  of  the  thread  when  unwound  from  the  circle,  is  an  involute. 


I^ig-  319.— Formatioa  of  Teeth  of  Wheels. 

The  curve  is  also  formed  by  causing  a  straight  ruler  R  to  roU  on  the  circle, 
Fig.  319,  with  a  pin  at  the  end,  tracing  the  involute  q p. 

That  two  wheels  with  involute  teeth  should  work  truly,  the  circles  from 


Fig.  3^o.    Fig.  38I. 

FomndoB  of  Teeth  of  ^Xnicels. 

which  the  involute  forms  for  each  wheel  are  generated,  must  be  concentric 
with  the  wheels,  with  diameters  in  the  same  ratio  as  those  of  the  wheels. 
Let  AT,  B  T,  Fig.  320,  be  the  pitch-iadii  of  two  wheeb  to  work  together ; 
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through  T  draw  any  straight  h'ne  D  E,  and  with  the  perpendiculars  A  D 
and  B  E,  describe  the  circles  D  H  and  E  F.  The  involutes  K  T  H  and 
G  T  F  give  the  forms  of  the  teeth. 

To  describe  the  teeth  of  a  pair  of  wheels,  of  which  A  c  and  B  Fig.  321, 
are  tiie  pitch  ladii,  draw  cd  and  ed  perpendicular  to  the  radials  B  d  and 
A  d\  these  radials  are  the  radii  of  the  mvolute  circles  from  which  the  acting 
feces  of  the  teeth  are  formed. 

Involute  teeth  have  the  disadvantage  of  being,  when  in  contact,  too  much 
inclined  to  the  radial  line,  by  which  an  undue  pressure  is  excited  on  the 
bearings.  But  they  have  the  advantage  of  working  truly,  even  at  varying 
distances  apart  of  the  centres,  and  any  two  wheels  of  a  pitch  will  work 
together  in  sets,  however  different  the  diameters. 

Proportions  of  the  Tbktr  op  Wheels. 

Referring  to  the  annexed  Fig.  322,  the  leading  dimensions  are  indicated 
by  literal  references,  and  are  thus  distinguished  in  the  table  No.  257,  in 


which  the  first  and  second  scales  of  proportions  are^  both  of  them,  used  by 
engineers  in  good  practice;^  and  the  third  is  the  scale  of  Sir  Wm.  Fairbaim.' 

Table  Na  257. — Teeth  of  Wheels: — Proportional  Dimensions. 

(Fig-  322.) 


Elemknts. 


A  ^  +       Pitch  of  teeth,  

C  b         Thickness  of  teeth,  

A  b         Width  of  space,  

A^-C^  Play,  

a  c  Length  above  pitch-line,. 
C  c  Length  below  pitch-line,. 
Ka-^-ac  Working  length  of  tooth, 
C  a         Whole  length  of  tooth,.... 

Cc^Ka  Qearance  at  root,  

Thickness  of  rim,  


i&t  Scale. 

ad  Scale. 

3d  Scale. 

I 

15    or  I 

\JS30 

s/ii  or  .45 

7    or  .47 

•45 

6/1 1  or  .55 

8    or. 53 

•55 

'/ii  or  .09 

I    or  .07 

.10 

3/10  or  .30 

5>^or.37 

.35 

4/,o  or  .40 

dVz  or  .43 

.40 

*/io  or  .60 

11     or  .73 

.70 

7/xo  or  .70 

12    or  .80 

.75 

>/io  or  .10 

I    or  .07 

.05 

7  or.47 

Note  to  table. — The  proportion  of  clearance  at  the  root  of  the  tooth  is 
usually  varied  from,  say,  7,0th  of  the  pitch  for  the  snudler  wheels,  to  '/aeth 
for  the  larger  wheels. 

'  Engnuer  and  Maekundt  Auistant^  page  89.     *  AtUls  and  HHUwork^  Part  s,  page  33. 
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Strbngth  op  thb  Tbeth  of  Wheels. 

The  tooth  of  a  wheel  in  action,  is  a  beam  fixed  at  one  end  and  loaded  at 
the  other;  and,  as  the  available  strength  of  a  wheel-tooth  is  that  of  its 

weakest    exj)osure,   the   strength    d  h 

should  be  calculated  for  the  con- 
tingency that  the  whole  of  the  force 
may  be  applied  to  the  tooth  at  one 
comer,  D,  Fig.  323.    The  tooth, 
it  is  conceivable,  ma^  be  broken 
across  at  any  of  the  lines  B  ^,  B  ^, 
or  Bd;  bat,  under  uniform  con- 
ditions, the  actual  line  of  fracture 
ironki  be  B  ^,  which  is  the  base  of 
a  right-angle  triangle  having  the 
equal  sides  D  B  and  D     and  of 
which  the  height  D  <r  is  equal  to 
half  the  base  B      Now,  the  height  of  the  tooth  D  B,  is  the  slope  of  the 
right-angled  triangle  D  B  ^,  and  is  1.414  times  D     and  the  values  of  the 
elements  for  the  application  of  the  formula,  according  to  the  3d  soUe  of 
proportions  in  table  No.  357,  are: — 

Psthe  pitch  =  I. 

/sthe  length  of  the  "beam"  =  D  ^=.75  P-s- 1.414  =  . 53  P. 
^  =  the  breadth  of  the  beam  =  B3  =  .53  P  x  3  =  1.06  P. 

the  depth  of  the  beam,  or  the  thidkness  of  the  tooth  =  .45  P. 

X  =  the  tensile  stren^h  of  the  material  in  tons  per  square  inch. 
W  =  the  breaking  weight  at  the  comer  of  the  tooth,  in  pounds. 

Adapting  the  general  fomiula  ( 4 ),  page  507,  the  coefficient  .9S9X 
becomes  (.289  x  3340  x^)  647,  and,  in  terms  of  the  above  ff^bols, — 


Fig.  3*3.— Sowagth  of  Teedt  of  Wbeds. 


W  =  (647^L*^  


To  express  the  breaking  strength  of  the  tooth  in  terms  of  the  pitch,  »ib- 
stitute  the  equivalent  values  of  ^,  ^,  and  /,  in  formula  (  4 ): — 

W=-1I  S3  P  "      SX.40S  p;  or 

W»(363X)P*   (5) 


Values  op  the  Nvmeeical  CoippiaEMT  in  Formula  ( 5 ). 


fJUonte  Tcnile  Strength 
per  Sqnan  Inch. 


Coefficient 


7. 

8. 

9- 
10. 

II. 

12. 

12. 
20. 

30. 


Cast  iron,  262  x  7s  1834,  say  1800 

Do.,  262  V  8-2096, 

Do.,   262  X  9  =  2358, 

Do.,   !262  X  10^2020, 

Do.,   ,  262  X  II s 2882, 

Do.,   262  X  12  -  3144, 

Gun-metal,  262  x  1 2  =  3 1 44, 

Wrought  iron,  262  x  20=  5240, 

Steel,  262  X  30  s  7860, 


ft 
)} 
»» 


2100 
2400 
2600 
2900 

3100 
3100 

;200 
8000 
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For  wheels  of  ordinary  cast  iron»  when  the  tensile  strength  is  not  given, 
assume  7  tons  per  square  inch  as  the  tensile  strength,  and  adopt  the  co- 
efficient 1800.  Then, 

The  Ultima 1 1'  7'ransvtrse  Strmgt/i  of  the  Teeth  of  ordinary  Cast-Iron 
Wheels^  in  terms  ot  the  pitchy  is, — 

W=i8oo  P'   (6) 

Inversely,  P  =    (7) 

To  express  the  breaking  strength  of  the  tooth  in  terms  of  the  thickness 

of  the  tooth,  if,  which  is  equal  to  .45  P.   The  pitch  P  =     ,  and  bf  sub* 

•45 

stitution  in  formula  (  5  ),  Ws 262     (  ^  )*;  or, 

•45 

W=(i394f)<f'   (8) 

Values  of  tujc  Numerical  Coefficient  im  Formula  ( 8 ). 

indnate  Temile  Strength  Coefficient 
per  Squai«  I  nch.  1 1 394 


7.  Cast  iron,. -....-^  1294 x  7=   9058,  say  9000 

8.  Do.,   I294X    8=10,352,    „  IO,QOO 

9.  Do.,   1294X  9=11,646,  „  12,000 

ta      Do.,   1294  X  ros  12,940^  „  13*000 

11.  Do.,   1294x11  =  14,234,  „  14,000 

12.  Do,,   1294x12=15,528,  „  16,000 

12.    Gun-metal,  1300x12=15,528,  „  16,000 

2a  Wrought  iron,  1 294  x  20  s  25,880,  „  26^000 

3tx  Sted,  I294X30«3^20^  „  39,000 

Again  assuming  a  tensile  strength  of  7  tons  per  square  inch  for  ordinary 
castings, — 

The  UiHmaie  Transverse  Strength  of  the  Teeth  of  ordinary  Cast-Irm 
Wheds  in  terms  of  the  thtdtness^  is, 

W=9ooo  d*   (  9  ) 

/  W 

Inversely, V   ( 10) 

V  9000 

The  excess  of  transverse  strength  of  cast  iron,  in  thicknesses  of  from 

I  to  3  inches,  above  that  which  is  calculated  from  the  tensile  strength ,  as 
detailed  at  i)age  555,  affords  a  margin  for  weak  forms  of  teeth,  and  lor  the 
loss  of  strength  by  trimming  or  by  wear,  and  especially  by  tlic  removal  of  the 
skin.  The  excess,  it  is  true,  diminishes  as  the  thi(  kness  increases;  but,  on 
the  contrary,  the  dinunuiiuu  of  strength  is  less  by  the  wear  of  the  thicker 
teeth  than  by  that  of  the  thinner  teeth.  Thus,  there  is  a  natural  adjustment 
of  the  supply  of  strength  in  excess  to  the  requirement 

Working  Strength  of  Whebl-teeth; 

It  is  usual  to  act  on  a  factor  of  safety  of  10,  for  wheel-teeth:  Formulas 
( ^  )>  ( 7  )i  (  9  )>      ( 10 )»  ^us  adapted,  become, — 
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Ihr  the  WorMng  Strength  iif  Whed4edh  of  ordinary  Out  Iron,-^ 
In  terms  of  the  pitch,  W  =  180    (  11 ) 

^  '=\/S  <"> 

In  terms  of  the  thickness,....W=:9oo  d\.   (  ^3  ) 

^   •^=\/S=30VW   (,4) 


For  wheels  of  cast  iron  of  greater  strength,  or  of  gun-metal,  wrought  iron, 
or  steel,  the  coefficients  for  a  &ctor  of  safety  of  xo,  are  one-tenth  of  those 
which  are  given  at  pages  735  and  736,  and  they  may  be  substituted  in  the 
above  formulas,  thus, — 

For  Wor  k  i  ng  Stbkngth.  Io  formulM  (u)  and  (za).  In  fonnulM  (13)  and  (m)> 

Coefficient  for  gun-metal,   310    1600 

Do.        wrought  lion,   520    2600 

Do.        steel,   800    3900 

Sir  William  Fairbaim  states  that,  for  wooden  teeth,  a  thickness  i}i  times 
that  of  cast-iron  teeth  is  sufficient;  3/5  ths  of  the  pitch  goes  to  the  duck- 
nes6  of  the  wooden  cogs,  and  ths  to  that  of  the  iron  teeth  of  the  n^ieel 
geared  with  the  wooden  teeth.  There  is  no  clearance,  as  the  teeth  are 
accurately  trimmed. 

Breadth  op  the  Teeth  of  Wheel& 

When  the  breadth  of  a  tooth  is  just  twice  its  whole  length,  its  ultimate 
resistance  to  transverse  stress  is  approximate!)  equal  to  its  resistance  to 
diagonal  stress  applied  at  one  comer.  A  greater  breadth  than  twice  the 
length,  therefore,  is  not  reckoned  to  add  to  the  transverse  resistance  of  the 
tooth ;  but  it  is  necessary  for  durability. 

Breadth  in  relation  to  Working  Stress. — Tredgold  fixed  the  maximum 
average  working  stress  at  the  pitch-line  at  400  pounds  per  inch  of  breadth 
of  teeth.    Sir  William  Fairbaim  adopted  this  datum. 

HOBSE-FOWER  TRANSIUTTSD  BY  ToOTHED  WHEELS. 

A  horse-power  is  work  done  at  the  rate  of  33,000  pounds  through  i  foot, 
per  minute ;  or  550  foot-pounds  per  second.  Let, — 

H  =  the  horse-power  transmitted. 

W  =  the  stress  in  pounds,  at  the  pitch-line. 

V  =  the  velocity  at  the  pitch-line^  in  feet  per  second. 

Ssthe  s^eed  in  turns  per  minute. 
D  =  the  diameter  in  feet 

H  =  |^;     W  =  55lH.     ^^5ioJH,   ( ij  ).  (  .6 ).  ( '7  )• 

That  is  to  say;— rst.  TJw  Jwrsc-poiver  transmitted  is  equal  to  the  product 
of  the  stress  by  the  velocity  at  the  pitch-line,  divided  by  550.  2d.  The 
itress  at  t/u:  pitch-tine  is  equai  to  550  times  the  horse-power  divided  by  the 
velocity  at  the  pitch-line.  3d.  The  velocity  at  the  pitch-line  is  equal  to  550 
times  the  horse-power,  divided  by  the  stress. 

47 
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The  speed  of  the  wheel,  in  turns  per  minute,  is  equal  to   ^^^r\i  or 

3.1410  D 

u  19*1 

That  is  to  say; — ist  TAe  speed  of  the  wheel  is  equal  to  19. i  times  the 
velocity  at  the  pitch-line,  divided  by  the  diameter.  2d.  Tlu  velocity  ai  the 
fiiehMne  is  equal  to  the  product  of  the  diameter  by  the  speed,  divided  by 
19.1. 

To  find  the  horse-power  in  terms  of  the  stress,  the  diameter  and  the  speed ; 

W  V 

or  W,  D,  and  S.   By  formula  ( 15  ),  H  »  —  ;  and,  substituting  the  value  of 

•      /        V    TT  WDS 

i^m  ( 19),  H  =  ,  or 

550X19.1 

X,    WDS  ,  . 

H  =    (  20  ) 

10.500 

10,500  H    .  . 

WD  ^  ' 

That  is  to  say,  the  horse-pcwer  transmitted  is  equal  to  the  product  of  the 
stress  at  the  pitch-line,  by  the  diameter  and  by  the  speed;  divided  by 
10,500. 

For  the  horse-power  in  terms  of  the  pitch.  Substitute  in  formula  (20),  the 
value  of  W  in  terms  of  the  pitch,  that  is,  by  formula  (i  i),  Ua  cast  iron, 

.8oP-;thenH  =  ^'PS'<ite.^ 

10,500 

(for  cast  iron)     H  =  ?     -    (  22  ) 

That  is  to  say,  the  horse-power  that  may  be  transmitted  by  a  east-iron  wheel 
is  cciual  to  the  product  of  the  square  of  the  pitch  by  the  diameter  and  by 
the  speed;  divided  by  58.3. 

The  horse-power  per  foot  of  diameter  and  per  turn  per  minute^  is 

(for  cast  iron)     H  =  -—   (23) 

58.3 

being  equal  to  the  square  of  the  pitch  divided  by  58.3, 

The  formuldii  ^  22  )  and  (  23  )  are  available  for  the  calculation  of  the 
horse-power  of  wheels  made  of  other  metals,  by  using  the  proper  constants, 
as  follows: — 

Fos  Iioiis»>yowcR.  laForambi  (09)  Mid  (33). 

Coefficient  for  gun-metal  1 0,500  3 1  o  33.9 

Da       wrought-iron  1 0,500  5  30  »  20.  a 

Do.       steel  10,500  -r  800  ^  13.  x 

Table  No.  258  gives  particulars  of  dimensions,  stress,  and  horse-power 
of  toothed  spur-wheels  of  ordinary'  cast  iron,  for  various  pitches.  The 
thickness,  column  2,  is  given  as  45  per  cent  of  the  pitch;  the  working 
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stress  at  the  pitch-line,  column  3,  is  calculated  from  the  pitch  by  formula 
(11);  the  horse-power  transmitted  at  i  foot  per  second,  column  6,  is 
calculated  from  the  stress  by  formtila  (15),  and  the  horse-power  per  foot 
of  diameter  andper  turn  per  minute,  in  the  last  column,  is  calculated  by 
formula  (23).  This  table  affords  data  for  performing  all  the  usual  calcula- 
tkms  for  the  horse-power  of  toothed  wheels.^ 


Table  No.  25S. — Strength  and  Horsk-Power  of  Spur-Wheels, 

Made  of  ordinary  cast  iron. 


«r 

T«etlL 

1 

Thickness 
of 
TmA. 

Working 
Stressat 

PSidlrllM. 

BaBAOTK  OP  TnTH. 

HORSK-POWKX 

TkAMSMirraoi. 

Least 
Breadth. 

Usual 
Breadth. 

At  I  Foot 
per  Second 
at  the 

Per  Foot  of 
Diameter 
and  per  Turn 
per  Mmnn; 

inches. 
'  I 

-> 

inches. 
•45 

.07 
.79 

.00 

pounds. 

loO 
281 

405 

720 

indm. 

thickness  X  s. 

.90 
1. 12 

1.34 
1.58 

1.80 

2%  and  3 
3X  and  zyi 

6 

H.  P. 

.327 
.511 

.736 

1. 000 

I.310 

H.  P. 

.0172 
.0268 
.0386 
.0525 
.0686 

for  400  lbs. 

j)cr  inch. 

2 

.90 

1.80 

6 

I.310 

.0686 

1. 01 

2.28 

6 

1.656 

.0868 

i 

1. 12 

II25 

2.81 

6 

2x»45 

.1007 

1.24 

I  361 

340 

7 

2.474 

.1297 

1  3 

'•35 

1620 

4.05 

9 

2.945 

•1544 

1.46 

I9OI 

4.75 

9 

3.456 

.1811 

1-57 

2205 

5.51 

10 

4.010 

.2100 

1.80 

2880 

7.20 

14 

5.236 

.2744 

!  1 

2.02 

3645 

9.1  I 

14 

6.627 

•3472 

2.25 

4500 

11.25 

IS  to  16 

8.182 

.4028 

2.73 

6480 

td^ao 

16  to  18 

11.782 

.0176 

— For  mitre  and  bevil  whcds,  the  mean  diameter,  breadth,  and  thickness  of  teeth 
are  to  be  nsed  in  calculation. 


Wetoht  of  Toothed  Wheeis. 

.S/'/z/'-ri'/zer/s'. — The  weight  of  spur-wheels  of  usual  proportions,  per  inch 
of  breadth,  increases  in  a  ratio  greater  than  the  diameter,  but  less  than  the 
square  of  the  diameter.  As  ascertained  by  plotting  the  particulars  of  a 
great  number  of  wheels,  the  relation  of  the  diameter  and  the  weight  per 
inch  wide,  is  represented  by  the  general  expression  ad-^bd*,  in  which  a  is 
the  diameter,  and  a  and  b  are  constants  for  each  pitch. 

Within  the  ordinary  practical  limits  of  breadth  for  each  pitch,  the  weight 
varies  as  the  breadth  of  the  wheel,  and  may  be  taken  at  a  constant  per 
inch  of  breadth. 

*  The  author  is  aware  that  Tredgold,  Fairbaim,  and  others,  give  higher  values  for  die 
soengtb  and  power  of  the  teeth  of  wheels  than  he  gives  in  the  text 
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'1  able  No.  259. — Weicht  uf  Cast-Ikon^  Spur- Wheels, 

Per  Inch  of  Breadth. 


Diameters  in  Fket. 


-■  - 

1 

rIKfl.  1 

•50 

•75 

I 

'•5 

3 

— 

2.5 

3 

4 

-   -  -- 
inches.  , 

CWL 

cwt. 



cwt. 

CWl. 

cwt. 

cwt. 

cwt. 

0 

1  II 

1.27 

1. 00 

2.07 

2.97 

I  Ae\ 

Z.32 



.707 

.084 

1.28 

1.60 

2.30 

4-  i 

— 

— 

— 

.638 

.888 

I.16 

'•44 

2.07 

.309 

.792 

1.-9 

3X 

.535 

.744 

.968 

1.21 

1.74 

3 



•319 

.500 

.696 

.505 

».i3 

1.62 

*m 

218 

•"*V7 

BAA 
.044 

1.03 

t  CI 

2)4 

■w  — 

.202 

.275 

•43' 

.600 

.781 

.98 

1.40 

.185 

•253 

•397 

•552 

.719 

.90 

1.29 

-» 

.  169 

._  J I 

.656 

.82 

1. 18 

I  no 

I  C  "X 

j.;6 

•)y4 

•/  4 

I  06 

.089 

•'37 

.187 

•293 

.408 

•53* 

.66 

*95 

.077 

.121 

.165 

.259 

.360 

.469 

.59 

.84 

I 

.068 

.105 

•  '43 

.224 

.312 

.406 

.51 

•73 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb.  ' 

lb. 

6 

9 

13 

22 

32 

43 

55 

84 

6 

9 

13 

22 

32 

43 

55 

84 

5 

8 

12 

20 

3' 

44 

6 

10 

15 

27 

42 

Usual  Braulth. 


inches. 

16  to  18 
IS  to  16 

'4 

14 
10 

9 
9 

7 

6 

6 

6 

4;* 

i  3X  not  cxc'ding  5  ft. 
)      above  5  feet. 

S  2  ^4  not  cxc'ding  4  ft. 
\  3    above  4  feet. 

2]4 


2 
2 


PitdL 

1 

DiAMBTBKS  IN  FbBT. 

1 

5 

6 

7 

8 

9 

10 

II 

12 

inchcv 

'  cwt. 

cwt. 

cwt. 

cwt. 

cwt 

cwt. 

cwt. 

cwt. 

6 

3.98 

5.09 

6.30 

7-63 

9.06 

10.60 

12.24 

14.00 

5 

3.38 

4-32 

536 

6.48 

7.70 

9.00 

10.40 

11.88 

308 

3-94 

4.88 

5.90 

7.01 

8.20 

9-47 

10.82 

% 

2.78 

3-55 

4.40 

5.33 

6.33 

7.40 

8.55 

9.77 

3>i 

348 

3."7 

3-93 

4-75 

S.64 

6.60 

7.62 

8.71 

3X 

2.33 

2.98 

369 

4.46 

5-30 

6.20 

7.16 

8.1S 

3 

2.18 

2.78 

3-45 

4.18 

4.96 

5.80 

6.70 

7.66 

2H 

2.03 

2.59 

3.21 

3.89 

4.62 

5.40 

2H 

1.88 

3.40 

2.98 

3.60 

4.28 

5.00 

2X 

173 

3.21 

2.74 

3.31 

3-93 

4.60 

2 

1.58 

2.02 

2.50 

3*02 

3*59 

iH 

143 

1.82 

2.26 

2,74 

1% 

t.28 

1.63 

2.03 

iV 

113 

1 

1 

For  ])it(  hcs  of  i  inch  and  iii)wards,  the  weight  per  inch  of  breadth,  for  a 
given  diameter,  increases  directly  as  the  pitch. 
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The  following  formulas  are  deduced  from  the  actual  weights  of  spur- 
wheels  of  from  }i  inch  to  4  inches  pitch,  and  from  6  inches  to  12  feet  in 
diameter. 

Weight  ofcasUrm  spur^wkmls  of  from  i  inch  to  6  inches  pitch,  per 
inch  of  breadth: — 

W  =  (.o5  +  .o8/)^x  (i +.10//)   (24) 

Weight  of  OMst-irm  s^ur^heds  of  pitches  leas  than  i  inch : — 

For      inch  pitch,  "VV  =  .0935  d  +  .0235    (  25  ) 

For^       „        W  =  . 0935    +  . 0235    (26) 

For  Yi       „       Wa  .o69i/+.0345i/^    (  27  ) 

For  14      „       W=  .080 </+ .0530 ^»    (38) 

W  -  the  weight  of  the  wheel  in  hundredweights  per  inch  of  breadth. 

the  diameter  in  feet. 
/  -  the  pitch  m  inches. 

The  first  fonnuhi  would  probably  be  suitable  for  folding  the  weights  of 

wheels  up  to  20  feet  in  diameter. 

The  results  given  by  the  above  formulas  are  average  results. 

Mortist'-7i>ha'ls. — The  weight  of  mortise-wheel  castings  is  the  same  as  that 
of  spur-wlKcIs,  having  the  same  leading  dimensions. 

Bciil-iL'/iuls  and  Mitrc-wheds. — The  weight  is  less  than  that  of  spur-wheels 
of  the  same  leading  dimensions,  varying  from  two-thirds  or  diree-fourtfas 
of  the  weight  of  spur-wheels,  for  the  larger  diameters,  to  about  seven-eighths 
for  the  smaller  diameters. 

The  table  No.  259  of  the  weight  of  spur-wheels  is  calculated  by  means 
of  formulas  (24)  to  (28). 


FRICTIONAL  WHEEL-GEARING. 

When  one  smooth  cast-iron  wheel  is  cmiiloycd  to  drive  another  by  direct 
contact  at  the  circumferences,  the  adhesion  or  driving  force  is  produced  by 
interpressme  between  the  wheels,  and  may  be  taken  as  one-sucth  of  the 
pressure. 

Robertson's  grooved-surf;ire  frictional-gearing  consists  of  wheels  or 
imlle]^  geared  together  by  fictional  contact,  in  which  the  driving  surfaces 
aje  g;rooved  or  serrated  annularly,  the  ridges  of  one  surface  entering  the 
grooves  of  the  other.  A  Intcral  wedging  action  is  obtained,  which  aug- 
ments tlie  adhesion  of  the  surtaces,  as  compared  with  flat  friction-surfaces, 
m  the  ratio  of  9  to  i.  That  is,  the  grooved  wheels  require  a  force  of 
3  lbs.  acting  at  their  circumference  to  make  them  slip,  for  every  2  lbs. 
applied  on  the  axis;  whereas,  two  flat  surface-wheels  would  require 
(2x9-)  18  lbs.  oC  pressure  on  die  axis,  to  enable  them  to  resist  a  force  of 
3  lbs.  acting  at  the  circumference. 

Compared  with  leather  belts,  frictional  gearing,  worked  under  a  pressure 
equal  to  the  tension  of  the  belts,  has  been  proved  to  have  greater  adhesive 
force  :r — in  one  experiment,  about  30  per  cent  more. 
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The  grooves  are  made  of  V  shape,  for  which  50°  is  the  most  suitable 
angle.  The  pitch  of  the  grooves  is  varied  aocofding  to  the  velocity  and 
the  power  to  be  transmitted:— from  ^  inch  to  ^  inch;  the  ordinary  pitdi  is 
}i  inch.  The  general  laws  of  friction  are  foimd  to  api^y  to  the  action  of 
frictional  gearing.^ 


BELT-PULLEYS  AND  BELTS. 

The  acceleration  or  reduction  of  the  angular  velocity,  or  speed,  of  shafts 
driven  by  means  of  belts  and  drum-pulleys,  is,  like  that  of  shaltii  driven  by 
toothed  gearing,  in  the  inverse  ratio  of  tiie  diameters  of  die  pulleys;  and, 
when  speed  is  brought  up  by  means  of  successive  shafts  and  small  and 
laige  pulleys,  die  ratio  of  the  initial  to  the  final  speed  is  the  product  of 


Fig.  3a4.— Bek-pttUey*  and  Bela Multiplkation  ot  Speed. 

the  ratios  of  the  successive  accelerations  of  speed;  and  these  may  be 
expressed  in  terms  of  the  diameters  of  the  successive  pairs  of  pulleys. 
For  example,  the  driving  pulley  a,  36  inches  in  diameter,  on  the  shaft  A, 
makes  60  revolutions  per  minute,  and  drives  by  a  belt  the  1 2-inch  pulley  ^ 
on  the  shaft  B;  which  carries  the  36-inch  pulley  i,  which  drives  the  8*inch 
pulley  d  on  the  third  shaft  C.    The  speeds  are  calculated  thus : — 

Turns  per  Minute. 

Shaft  A   60 

Shaft  B  60  X  ^,  or  60  X  3  s  

12 

Shaft  C  60  X  ^  X      or  60  X  3  X  4.5 
12  8 

In  these  calculations,  it  is  assumed  that  there  is  no  slip  of  the  belt  on 
the  pulley;  and  M.  Morin  supj)orts  this  assumj)tion.  Mr.  R.  H.  Buel  -  deduced 
from  direct  observation  that  the  reduction  of  speed  by  the  slip  or  "  creep,'* 
of  five  belts  employed  to  communicate  motion  from  an  engine-shaft  to  a 
distant  shaft,  through  intermediate  shafts  and  pulleys,  varied  from  just  one- 
half  to  one-quarter  per  cent;  whilst  M.  Krest*  deduced  a  slip  for  one 
belt  only,  amounting  to  3  per  cent.  The  size  of  the  belts  observed  by 
Mr.  Buel  were  greatly  in  excess  of  those  actually  required  for  the  transmis- 
sion of  the  power. 

Tensile  Strength  of  Driving  Belts. 

Several  particulan  of  the  strength  of  belts  are  given  at  pages  679, 680.  It 
has  there  been  noticed  that  Messrs.  Briggs  and  Towne*  tested  the  strength  of 

'S«e  a  paper  by  Mr.  James  Robertson  on  "  Grooved-Sudace  Frictional-Gearing,"  in 
the  Proemings  of  tki  InshiuHon  0/ Meekankal  Engineers^  1856. 
^  Journal  of  the  Franklin  InsHtide^  vol.  Ixviii.,  1874,  page  256. 
*  AnnaUs  des  Minest  1862.  *  Jourttai  of  the  FratUdin  InUituU^  January,  186S. 
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3-mch  leather  belts,  7/,,  inch  or  .219  inch  thick.  They  found  that  the 
■weakest  parts  of  an  ordinary  belt  are  the  ends  through  which  the  lacing 
holes  are  punched,  and  that  the  belt  is  usually  weaker  than  the  lacing  itself 
The  rivetted  splices  are  the  next  weakest  points.  The  strengths  of  new 
and  partially  used  bdts  were  found  to  be  almost  identical. 


UUnuue  Tensile  Strength. 
TMai  inch  of       Ptar  Miaafe  tack 

At  lacings   629  Ib&  ...  aiolbs.  ...   958  lbs. 

At  splicings   1146       ...  382  „    ...  1744  „ 

At  solid  part   2025  „    ...  675  „    ...  3086 


Messrs,  Briggs  and  Towne  adopt  200  lbs.  per  inch  wide,  as  the  ultimate 
strength  of  laced  belts  .22  inch  thick;  and  they  take  a  third  of  this,  or 
66  lbs.  per  inch  wide,  as  the  working  strength.  This  is  just  one-sixth  of 
the  working  stress,  400  lbs.  per  inch  of  width,  adopted  for  toothed  wheels. 
It  is  equivalent  to  304  lbs.  per  square  inch  of  section. 

M.  Morin  adopts  '/^  kilogramme,  and  M.  Claudel  ^  kilogramme,  per 
square  millimetre;  eqmvalent  to  284  lbs.,  and  355  lbs.,  per  square  inch  of 
section,  for  the  working  strength  of  leather  belts. 

Dr.  Hartig  found,  from  the  results  of  experiments  made  by  him  in  a 
woollen  mill,  that  the  tension  on  the  driving  belts  varied  from  30  lbs.  to 
532  lbs.  per  square  inch  of  section,  and  that  it  averaged  273  lbs.  per  square 
inch.' 

An  average  working  strength  of  300  lbs.  per  square  inch  of  section  of 
leather  belts  may  be  aooepted  for  purposes  of  calciUation. 

Calculation  for  Horse-Power  TRANSMinEn  nv  Leather  Belts. 

The  formulas  for  the  power  of  toothed  wheels,  (15)  to  (21),  pages 
737  and  738,  may  be  adapted  for  the  calculation  of  the  pom:  of  belts. 
Let 

H  =  the  horse-power. 

W  =  the  working  stress  transmitted  per  inch  wide,  in  pounds, 
the  breadth  of  the  belt,  in  inches, 
do.  do.     in  feet. 

W^=the  total  working  stress  transmitted,  in  pounds. 
v^iht  velocity  of  the  belt,  in  feet  per  second. 
v'  =      da  do.     in  feet  per  minute. 

D  =  the  diameter  of  the  pulley,  in  feet 
S = the  speed  of  the  pulley,  in  turns  per  minute. 


In  Terms  of  Horse-Power^  Worldt^  Stress^  and  Velodty  ofBe^, 

>  "  FiiBiB  Dynamometriqne"  (la  Laine  Card^),  by  Dr.  Ernest  Hartig,  translated  by 
H.  E.  Simon.   AnmUa     Ctmsmtaiotre  des  Arts  a  Mititn,  v<:A.        p^St  6u. 
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In  Terms  of  the  Vtiocity  of  the  Bdt,  and  the  Diameter  and  the  Speed 

of  the  Pulley. 

S.IM£..a«l.  =  ^^    (4).(5) 

jj^W^xDS    -gj 

10.500 

a   10,500  H  .  V 

W^xD 

The  performances  of  belts  may  be  compared  by  calculating  the  number 
of  square  feet  of  belt-surface  passed  over  either  pulley  per  minute  per 
horse-power: — involving  the  elements  of  working  stress  and  velocity.  It  is 
found  by  multiplying  the  velocity  in  feet  per  minute  by  the  breadth  of  the 
belt  in  feet,  and  dividing  the  product  by  the  horse-power  transmitted: — 

Belt-surface  described  per  Minute  per  Uorse-Ptnuer  Transmitted. 

Belt-area  in  square  feet  -        «         \    (8) 

In  the  second  ex{session  of  value,  the  vdoctty  is  expressed  in  feet  per 
second,  and  the  breadth  is  in  inches. 

Adhesion  iiND  Power  of  Leather  Belts. 

The  normal  pressure  per  square  inch  of  a  belt  oa  the  siuface  of  a  pulley 
is  equal  to  the  quotient  of  the  tension  on  a  belt  i  inch  wide  by  the  radius 

of  the  pulley  in  inches.  Othenvise,  the  tension  on  a  belt  i  inch  wide,  is 
equal  to  the  product  of  the  normal  pressure  on  the  pulley  per  s(|uare  inch 
by  the  radius  in  inches.  This  is  the  same  e(]uation  as  is  used  to  find, 
rever-sely,  the  aclion  of  steam  witliin  a  boiler; — the  transverse  stress  on  each 
side  of  the  shell  of  the  boiler,  per  inch  of  length,  is  ec^ual  to  the  product  of 
the  internal  pressure  per  square  inch  by  the  radius  in  mches. 

M,  Marines  Experiments, 

M.  Morin^  ascertained  that,  when  one  pulley  is  driven  by  another,  by 
means  of  a  leather  belt,  the  sum  of  the  tensions  in  the  two  sides  of  the 
belt,  is  the  same  when  in  motion  and  at  rest.    The  tension  on  the  pilling 

side,  when  in  motion,  is  therefore  increased  by  as  much  as  the  tension  on 
the  return  side  is  reduced,  \\  hen  the  belt  just  slides  on  the  pulley  by 
tension,  the  relation  of  the  sliding  and  the  slack  tensions  is  expressed  by 
the  formula — 

LogT=log/+o.434^^    (9) 

T  -  the  pjeater  tension. 
/  =  the  slack  tension. 

€  =  the  coefficient  of  friction  between  the  band  and  the  pulley. 
C  »the  length  of  the  arc  Of  the  circumference  embraced  by  the  belt 
R  ta  the  radius  of  the  pulley. 

^ Aidi'Memmrt de Mteem^ut  Pratipu^  |Mge389b 
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Rule. —  To  find  the  tcftsion  just  sufficient  to  cause  a  leather  belt  to  slide  oz'er 
a  J>uUey  with  a  given  slack  tmsion.  Divide  the  length  of  the  arc  embraced 
by  the  belt,  by  the  ladius  of  the  pulley,  and  multiply  the  quotient  by  the 
coefficient  of  friction,  and  by  0.434;  add  the  product  to  the  logaritmn  of 
the  sladL  tension.   The  sum  is  the  logarithm  of  the  sliding  tension.^ 

The  coefficients  of  friction  deduced  by  M.  Morio  are  as  foUows^— 

For  leather  belts  in  ordinary  condition  on  wooden  pulleys  0.47 

For  new  bdta  on  wooden  pulleys  a  50 

For  belts  in  ordinary  condition  on  cast-iron  pulleys,  either  tumedor  rough  o.  2  8 

For  wet  belts  on  cast-iron  pulleys  0.38 

For  hemp  ropes  on  wooden  pulleys  0.50 

To  feciUtate  calculation,  M.  Morin  gives  the  following  tablet  of  the 
ratios  of  the  sliding  tension  to  the  slack  tension,  for  various  proportions  of 
the  arc  of  the  circumference  embraced  by  the  band,  and  for  the  several 
coefficients  of  friction: — 

Tablet  A. 


Ratio  of 

Ratio  or  Sliding  to  Slack  Tbnsiok. 
K. 

the  Arc 
Embraced, 
to  the 

New 
1   MtXxs  on 
Wooden 
;  PuUeys. 

Belts  in  Ordinary 
Condition. 

Wet 
Beits  on 

Cxst-iron 
Pulleys. 

Cords  on  Wr.cH!cn  PiilbjS 
or  Wiocheii 

Wooden 
Puiieys. 

Cast-iron 
Fuiieys. 

Rough. 

.20 
.30 
.40 
.50 
.60 
.70 
.80 
.90 
1.00 
1.50 
2.00 
2.50 

1  1.87 
}  2.57 

1  3.5» 
1  4.81 

f  6.59 
9.00 

12.34 

16.90 

23.14 

1.80 

2.43 
3.26 

4.38 
5.88 
7.90 

\oJbi 
14.27 
19.16 

1.42 
1.69 
2.02 

2.41 

2.87 

3-43 
4.09 

4.87 

5.81 

I.61 
2.05 

a.6o 

3-  30 

4-  19 

5.32 
6.75 
8.57 
10.89 

1.87 
2.57 

3-51 

4.81 

6.58 
9.01 

12.34 
16.90 

23.90 

1 1 1.31 

535-47 
2575,80 

i!l6 

2.29 
2.82 

3-47 
4.27 

5.25 

6.46 

7.95 
22.42 

63.23 

178.52 

ExampU, — ^The  slack  tension  of  a  belt  in  ordinar)'  condition,  on  a 
wooden  pulley,  is  100  lbs.;  and  the  belt  embraces  half  the  circumference. 
Opposite  .50  in  column  i,  find  the  multiplier  4.38  in  column  3.  Then, 
100  X  4.38  =^438  lbs.,  the  sliding  tension. 

It  is  found  l)y  experient  e  that  the  resistance  of  pulleys  to  sliding  of  belts 
is  independent  of  the  diameter. 

\Mien  a  rope  is  wound  once  round  a  wooden  barrel,  it  is  seen  by  the 
table  that  the  resistance  is  24  times  the  pull  at  the  sladc  end,  on  a  rough 
barrel;  and  that,  when  womid  2^  times  round  the  barrel,  the  resistance  is 
2575  times  the  pull. 

Calculation  of  tht  Power  of  Belts,  by  M.  Moritfs  Data, — The  pull  available 
for  driving  is  equal  to  the  difference  of  the  sliding  and  slack  tensions,  or 

*  Messrs.  Briggs  and  Towne  show  clearly  how  this  fonDolf  is  aniTod  at ;  Jmrnal  of  ike 
FramkliH  InsHtute,  }mmmtjt  1868^  page  18. 
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T-/»K/-/»/(K-.i),liii^c]i  K  isthemtioof  Tto/,  as  m  tablet  A; 

'-E^.  <"> 

The  value  of  the  driving  pull,  or  the  difierence  of  tensions  (T-/),  is  equal 
to  in  which  H  is  the  horse-power,  and  v  the  velocity  of  the  belt  in 

feet  per  second.  Substituting  this  value  for  (T  -  /)  in  eqiiation  (  a ), 

/=^55oH   (,^v 

H.f^^^    (II) 

That  is  to  say,  the  minimum  slack  tension  is  equal  to  550  times  the  horse- 
power, divided  by  the  velocity,  and  by  the  ratio  of  the  sliding  to  the  slack 

tension  minus  i. 

And,  tht'  m  ailable  horse-power  is  equal  to  the  product  of  the  slack  tension 
by  the  velocity  of  the  belt,  and  by  the  ratio  of  the  tensions  minus  i ;  divided 
by  550- 

M.  Morin  recommends  tiiat  the  value  of  the  slack  tension,  formula  (10), 
should  be  increased  by  Vioth,  to  cover  the  friction  of  the  journals. 

M.  Claudd's  Data  for  Belts. 

M.  Claudel  gives  the  following  empirical  formula,  in  common  use,  for 
finding  the  breadth  of  a  leather  belt  enveloping  half  the  circumference  of 
a  pulley.    Altering  the  measures: — 

^=^5;   (12) 

in  which  ^^the  breadth  in  inches,  H^the  horse^wer,  fr»the  speed  of 
the  belt  in  feet  per  second;  and  c  a  constant,  26  for  upright  shafts,  and  20 

for  horizontal  shafts. 

This  formula  gives  values  for  the  breadth,  avenip:in2:  about  double  what 
would  be  given  by  the  table  No.  261,  when  the  belt  la])s  half  round  the 
pulley.  The  belt  then  works  to  half  its  power;  and  M.  Claudel  instances 
the  common  experience  that  a  belt  3^  inches  broad,  moving  at  a  velocity 
of  9  feet  per  second,  can  very  well  transmit  i  horse-power,  with  ordinary 
tension,  and  without  overstraining,  working  on  turned  and  smooth  pulleys 
of  equal  diameter.  This  example,  if  adopted  as  a  basis,  would  give  a 
coefficient  of  29  in  formula  (13).  Hie  working  tension  is  only  about 
20  lbs.  per  inch  wide. 

At  the  same  time,  the  values  given  by  the  empirical  formula  (12)  are 
httle  more  tiian  those  deducible  from  the  data  of  M.  Morin. 

Mr,  Evan  Lei^s  Kules  for  BdHng} 

Mr.  Leigh  is  of  opinion  that  a  main  driving-belt,  to  be  rightly  applied, 
should  pass  through  3000  or  4000  lineal  feet  per  minute;  and  should  be 
of  suffiaent  widdi  to  drive  all  the  machinery  and  shafting  to  be  driven,  quite 

*  The  Scurui  0/  Modem  Cotton  SpinniM^,  1873,  page  37. 
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easily,  running  in  a  slack  condition.  The  belt  should  work  from  the  peri- 
phery of  the  Sr-wheds  of  quick-raDning  engines. 

Rule  i. — To  find  the  km^ftmer  of  a  mam  drmnf  double  heU^  working 
dadtfyand easily.  Multiply  the  number  of  square  inches  covered  by  the  belt, 
on  the  surface  of  the  driven  pulleys  by  half  the  speed  of  the  belt  in  feet  per 
minute;  and  divide  the  product  by  33,000.   The  quotient  is  the  horse  power. 

Rule  2. —  To  find  the  proper  width  of  a  main  driving  double  belt  for  a  given 
horse-power.  Multiply  the  horse-power  by  33,000,  and  divide  the  product 
by  the  length  in  inches  of  penpher)'  of  driven  pulley  covered  by  the  belt, 
and  by  half  the  speed  of  the  belt  in  feet  per  minute.  The  quotient  is  the 
width  in  inches. 

For  eidsting  establishments,  where  it  is  desired  not  to  disturb  actual 
arrangements,  the  following  rule^  for  single  belts,  approaches  nearer  to 

ordinary  practice : — 

Rule  3. —  To  find  the  width  of  a  single  belt  for  any  given  horse  pouter 
[actual  practice].  Multiply  the  horse-power  by  33,000,  and  divide  the 
product  by  the  length  in  inches  of  periphery  of  the  smaller  pulley  covered 
by  the  belt,  and  by  the  speed  of  the  belt  in  feet  per  minute.  The  quotient 
is  the  width  in  inches. 

By  this  rule,  whidi  is  based  on  ordinary  practice,  sin^e  belts  are  calcu- 
lated to  do  twice  as  much  duty  as  double  belts  of  the  same  width  by  Rule  3; 
and,  comparatively,  the  stronger  double  belts,  calculated  by  Rules  i  and  2, 
have  exceedingly  easy  work.  Hence  their  great  durability.  A])plying  Rule  i 
to  the  second  example  of  wide  double  belts  quoted  from  Mr.  Cooper, 
below: — there  are  two  driven  pulleys,  7  feet  in  diameter,  lapped  by  the  belt 
for  '/^  ths  of  their  circumference,  equal  to  8.8  feet,  or  105.6  inches  on  each; 
the  width  of  each  belt  is  14)^  inches,  and  105.6  x  14.5  x  2  =3062  square 
inches  covered.  The  velociQr  of  the  belts  is  3498  feet  per  minute;  and 
3062x  34984-94- 33,000  a  161.3  hoise-power.  The  horse-power  actually 
transmitted  by  the  two  belts  together  is  250,  or  fully  a  half  more  than  is 
allowed  by  Mr.  Leigh's  rule;  yet  those  belts  are  said  to  have  lasted  upwards 
of  22  years. 

Examples  of  Very  Wide  Bdts, 

Mr.  J.  H.  Cooper^  details  some  examples  of  the  performance  of  belts  in 
taking  off  the  power  of  steam  engines  from  the  fly-wheel  to  one,  two,  or 
three  line^hafts — 


I^iS-  335  — Main  Drhring  Belts,  with  intennediate  gearing. 


1.  Horizontal  condensing  Corliss  engine,  with  intennediate  gearing,  at 
Conestoga  Mills,  No.  2,  Lancaster,  Pa.    Three  belts.    Fig.  325. 

>  Joitmal  of  the  Franklin  ItutihOe,  voL  bcvul,  1874,  page  256. 
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2.  Engine  of  the  same  class;  belts  dxiren  by  fly-wheeL  Two  belts, 

Fig.  336. 

3.  Honsontal  Corliss  enguie;  bdt  dmen  bf  flf-vbeeL   One  belt 


Fig.  3a6.  Fig.  327. 

Main  Driving  Belts,  oS  the  dy-whecl. 


4.  Horizontal  Corliss  engine  at  Manayonk;  belts  diiven  by  fly-wheel. 

Three  belts.    Fig.  327. 

5.  Corliss  engine,  at  Great  Bend,  Indiana.    One  beh. 

The  chief  particulais  and  lesuhs  are  reduced  in  table  Na  260. 

Na  I  belts  have  been  at  work  iq>wards  of  twenty  years;  Na  2,  u]>wards 
of  twenty-two  years;  No  3  has  been  eight  or  nine  years  at  work.  NoSr  i 
to  4,  double-thickness  belts,  transmit  a  tension  of  from  50  to  86  lbs.  per 
inch  wide,  or  from  25  to  43  lbs.  per  inch  wide  for  one  thickness.  The 
single-thi(  kness  belt,  No.  5,  averages  126  lbs.  per  inch  wide  ;  and  Mr. 
Cooper  mentions  a  6-inch  i)elt  emj)loyed  to  drive  a  wheel-forcing  press 
on  a  24-inch  pulley,  transmitting  a  stress  of  104  lbs.  per  mch  wide. 

Messrs.  Brings  and  Toum^s  Experiments. 

Messrs.  Briggs  and  Towne's  experiments  on  the  friction  or  adhesion  of 
leather  Ijclts,  were  made  with  3-inch  belts,  and  the  arc  of  contact  equal  to 
180°,  on  ordinary  cast-iron  pulleys.  I  he  average  results  of  168  exi)erimcnts, 
un<ler  tensions  of  from  7  to  iio  lbs.  per  inch  of  width  of  belt,  gave  a 
sliding  tension  6.294  times  the  slack  tension,  and  a  friction  co-efticient  of 
^•5^33*  '^o  cover  the  contingencies  ^  temperature  and  moisture  of  the 
atmosphere,  they  adopt  only  Vioths  of  6.294,  or  3.776  as  the  maximum 
practical  value,  giving  a  friction  co-efficient  of  0.423.  These  values  are  by 
one-half  greater  than  those  of  M  M  orin. 

Messrs.  Briggs  and  Towne  calculate  the  maximum  working  stress  per  inch 
of  width,  transmitted  by  belts  having  a  working  strength  of  66  '  ,  11  )s.  per 
inch  of  width,  by  means  of  the  formula  deduced  from  Rankine's  formula 
(Applied  AJcchanics),  and  based  upon  the  foregoing  data : — 

W  =  66^i  (i-io-^«^'^) (") 

W  =  the  working  stress  transmitted  per  inch  of  width,  in  pounds, 
a  =  the  arc  of  contact,  in  degrees 
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Table  No.  260. — First-Motion  Driving  Belts  in  the  United  States. 

(Mr.  Cooper.) 


|CyKnder. 
iDiametcr 


Stroke. 


Revolu- 
tions 
per 

Mmntc 


3 
4 

5 


ins.  ft. 
30x6 


28  X  5 
16x4 


turns. 

65 


Fly-wheel, 
Diameter. 


30x5;  52 
18  X  4!  65 


feet. 

spur,  22; 
25  tons 

pulley,  22;  \ 
17  tons  j 
14 

34 

12 


Intcnnediate 


ft.  ins. 


spur,          9  7 'A) 

3  pulleys,  96  > 
speed,....  120  ) 


Drivwi  PoHeyt. 


Number  and 
INameter. 

Speed 
mnuie. 

tunu. 

3  pulleys,  5  ft. 

228 

2    »       7  » 

I    «f      s » 

1  2      „         8  „ 

1     „  3  ft.  6  in. 

182 

208 
156 
223 

Tal>/e  continued. 


Horse- 
p<jwcr 
,  Trans- 
mitted. 

Tentbni 

mBelt. 

Beit 
Surfiure 
per  Min- 
ute per 

Total. 

I'er  inch 
Wide. 

M.P. 

lbs. 

lbs. 

sq.  feet. 

125 

1152 

49 

54-9 

1612 

56 

49.5 

125 

1180 

81 

33.6 

125 

1 180 

81 

33.6 

90 

1038 

86.5 

31.8 

1  457 

1  3849 

59 

46.5 

5  igoto, 

i  2555 

116 

23.6 

\  222 

2985 

136 

2a2 

Velocity  of  Belt. 

Tbicknets  and  Width 

or  Belt. 

^gt  per 

Feet  per 

• 

feet. 

feet. 

X  \ 

double,  23>^  ins. 

3582 

597 

M        29  „ 

3582 

59.7 

2  j 

ft         ^4)4  yi 

3498 

58.3 

n      14ii  >» 

349« 

58.3 

3 

»      12  „ 

2859 

47.7 

f 

n      17  „ 

tt     2 1 14  „ 

4^ 

n      26)4  „ 

I 

total,    65  „ 

3920 

653 

5    I  single,  22 


2453 


40.9 


Cancfuding  Table  of  the  Driving  Poufcr  of  Leather  Belts, 

On  the  whole,  it  may  bo  concluded  that  Messrs.  Briggs  and  Towne's  data 
afford  a  satisfactory  basis  lor  the  api)hcation  of  general  practical  rules. 
Table  No.  261  gives  particulars  of  the  practical  driving-power  of  leather 
belts  .22  inch  thick,  per  inch  wide,  based  on  their  data  for  arcs  of  contact, 
of  from  ^  to  270°,  aswiming  66^  lbs.  per  inch  wide,  as  the  maximum 
working  strength.  The  masdmum  transmitted  woriung  stress,  calculated 
by  them  by  means  of  formula  ( 12 ),  is  given  in  column  2;  the  3d  and 
4th  columns  were  calculated  by  means  of  formulas  ( i )  and  ( 6 ) ;  and  the 
horse-power  in  column  4,  nniltiplicd  by  33,000,  gives  column  5.  The  sum 
of  the  tensions,  in  column  6,  is  calculated  by  adding  to  the  transmitted 
stress  in  column  2,  twice  the  difference  between  it  and  66- ,;.  Thus,  for  the 
hrst  case,  66^3  -  32.33  =  34.33,  which  is  the  slack  tension,  and  32.33  + 
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(34.33x2)8101.00,  in  column  6.  The  last  column  pves  the  resultant 
stress,  by  the  parallelogram  of  forces*  caused  by  the  tensions  of  the  belt,  on 

the  bearings  of  the  shait. 

Messrs.  Briggs  and  Towne  give  many  instances  in  practice,  in  corrobora- 
tion of  their  deductions. 

Table  No.  26 r. — Drivtng-Power  of  Leather  Belts. 

Maximum  Working  Stren^'th  66^3  lbs.  per  inch  wide,  single  thickness,  .22  inch. 


(Based  on  Messrs.  Briggs  and  Towne's  data. ) 


Maximum 

Power  transmitted,  per  inch  wide. 

Sum  of  the 

Resultant 

Arcs 

Working 

Tensions 

Pressure  on 

of 

Conuct. 

Stress  trans- 
mitted, per 

. 

At  t  foot 
1  peraeoond, 
VdbdcyoTBdt 

Per  foot  of  Diameter 

of  Pulley,  and 
per  Turn  per  Minute. 

on  both  sides 

of  a  Belt, 
perincbwida. 

the  Journals, 

per  inch 
width  «f  Belt. 

degrees. 

lbs. 

hone-power. 

horse-power. 

foot-lbs. 

lb-. 

lbs. 

32.33 

'  .059 

.00308 

102 

101.00 

71.42 

100 

34- 

.063 

.00331 

109 

75-47 

no 

37.07 

.067 

.00353 

116 

96.26 

78.85 

120 

39-18 

.071 

.00373 

123 

94.15 

81.53 

135 

42.06 

.076 

.00400 

132 

91.27 

84.32 

44.64 

.081 

.00425 

140 

88.69 

85.67 

49.01 

.089 

.00467 

154 

84.32 

84.32 

3 10 

5^5* 

.095 

.00500 

165  • 

80.81 

78.05 

240 

55-33 

.100 

.00527 

174 

78.00 

67.59 

270 

57.58 

1  -105 

.00548 

181 

75-75 

53.56 

jVi>f^. — The  thickness  of  belt  is  .22  inch  for  a  maximum  working  strength  of  665^  lbs. 
per  inch  wide.  For  any  other  thickness  the  data  in  the  table  are  to  be  altered  in  the  ratio 
of  .23  to  the  thidcnets. 

India  Rubblr  BELTlNa 

Driving  Belts ^  manufactured  from  .'\merican  cotton  canvas,  cemented  in 
layers  by  vulcanized  india-rubber,  and  coated  with  the  same  material,  have 
been  tested  for  strength  and  adhesion.  It  is  stated  that  a  strip  i  inch 
wide  bears  a  tensile  stress  of  200  lbs.,  and  that  the  india-rubber  belt 
possesses  about  three  times  the  surplus  or  effective  adhesion  of  leather 
belts. 

Weight  of  Bf.lt-Puli.eys. 

I  he  weight  of  pulleys  of  the  same  diameter,  varies  within  much  wider 
limits  than  that  of  sjjur-wheels,  not  merely  because  the  breadth  varies  very 
much,  but  also  that  there  is  greater  variation  per  inch  of  breadth.  The 
following  formulas  for  the  weight  of  drum-pulleys  are,  therefore,  the  expres- 
sion of  average  weights  for  pulleys  of  medium  proportions.  For  pulleys 
designedly  strong  and  heavy,  up  to  30  inches  in  diameter,  the  weight  per 
inch  of  breadth  may  be  as  much  as  25  per  cent  more  than  Uie  average,  or, 
for  particularly  light  pulleys,  as  much  lighter.  As  the  diameter  increases, 
the  percentage  of  variation  diminishes:  and  for  6>feet  or  7-feet  pulleys, 
it  may  never  exceed  10  per  cent,  either  way. 

*  Manufactured  by  the  North  British  Rubber  Company. 
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The  author  is  indebted  to  Mr.  R.  Heber  Radford  for  the  examples  of  the 
actual  weights  of  pulleys  as  used  in  the  Sheffield,  Manchester,  and  Bradford 
districts,  given  in  tables  No.  262,  263,  and  264.  The  averaged  weights  per 
inch  wide  of  the  Sheffield  and  the  Manchester  finished  pulleys,  in  terms  of  the 
diameter  ranging  from  i  foot  to  4  feet,  are  found,  by  plotting,  to  be  expressed 
by  the  same  forniula.  For  the  pulleys  of  the  Bradford  district,  the  formuhi 
is  sl%htfy  diHerent  from  that;  but  the  chief  interest  of  the  Bradford  ex- 
amples, consists  in  the  data  they  afford  of  the  reduction  of  the  weight  of 
the  rough  castings,  by  the  operations  of  turning,  boring,  and  slotting. 
From  these  data,  the  following  formulas  have  been  deduced,  showing  that 
the  increase  of  weight  per  inch  wide,  is  simply  as  the  increase  of  diameter: — 

Table  No,  262. — Weight  of  Finished  Cast-Irom  Fulleys, 

Sheffield  District. 


(Fxamples  contributed  by  Mr.  R.  Heber  Radford.) 


Width. 

Weight, 
iiii— di  botcd>  mt  dotted. 

Width. 

Wrioht, 
tunMd,  borad,  and  aloMed. 

TottL 

TocaL 

Pvinch 
wide. 

feet. 

ins. 

lbs. 

lbs. 

feet. 

ins. 

inches. 

lbs. 

lbs. 

0 

6 

28 

47 

2 

6 

10 

224 

22.4 

3 

6 

u 

10.5 

2 

6 

12 

232 

19.3 

3 

10 

8.6 

2 

8 

t 

no 

12.3 

3 

12 

102 

8.5 

2 

140 

a3.3 

1 

7 

66 

9.4 

3 

0 

8 

120 

15.0 

9 

8-3 

3 

0 

12 

108 

9.0 

9 

9 

9.0 

3 

0 

14 

136 

9-7 

9 

10 

84 

84 

3 

5 

8 

160 

20.0 

2 

0 

114 

17-5 

3 

6 

6 

160 

26.7 

2 

0 

10 

120 

12.0 

3 

7 

12 

175 

14.6 

2 

0 

10 

158 

15.8 

4 

0 

8 

212 

26.5 

0 

16 

170 

10.6 

4 

0 

8 

225 

38.1 

2 

5 

6 

no 

1&3 

4 

12 

338 

28.2 

Table  No.  263. — Weight  of  Finished  Cast-Iron  Pulleys, 

Manchester  District. 

(Enmples  contributed  by  Mr.  R.  Heber  Radford.) 


i  t> 

Width. 

Dia- 
meter of 
Hote. 

Wbicht- 
bored,  an 

—turned, 
d  slotted 

Diameter. 

Width. 

1 

Dia- 
meter of 
Hole. 

Weigh  T— turned, 
bored,  and  slotted. 

Total 

Per  inch 
wide. 

Total. 

Per  inch 
wide. 

feet.  nu. 

inches. 

inches. 

lbs. 

lbs. 

feet.  ins. 

inches. 

inches. 

lbs. 

lbs. 

I  4 

3 

2^ 

28 

9-3 

2  6 

6 

2H 

105 

17.5 

2  0 

6 

74 

12.3 

2  6 

8 

2  1 

116 

14.5 

3  0 

6  ' 

2 

1  76 

12.7 

3  0 

6 

129 

21.5 

2  0 

8 

2}4 

84 

10.5 

3  0 

6 

134 

22.3 

.     2  2 

6 

2 

87 

14.5 

3  6 

6 

2/2 

137 

22.8 

•     2  3 

1 

6 

2)4 

93 

1 

i5-5 

3  6 

6 

2 

144 

24.0 
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Table  Na  264. — Weight  of  Rough  Castings,  and  FunsHBD  Cast- 

Iron  Pulleys,  Bradford  District. 

(Eaunples  oontxibttted  by  Mr.  R.  Heber  Radford.) 


Diameter. 

Wtdth. 

1 

1 

IXameter  1 
efHok. 

1 
i 

Wncnr, 

Rough  Castings. 

Wkight, 
turned,  bored,  &  slotted. 

Retfoctioii 

Total. 

Toial. 

Per  inch 
wide. 

feec.  inches. 

inches. 

1 

inches. 

lbs. 

lbs. 

Ibl. 

n». 

perooft.  1 

10 

3 

i6 

5-3 

13 

4.3 

19 

I  0 

4X 

1  21 

5.0 

18 

4.0 

14 

I  2 

4 

2  1 

1  31 

7.75 

27 

6.75 

13 

I  4 

4^ 

9.26 

38 

8.0 

136 

I  6 

5>^ 

2%  , 

63 

11.4 

53 

9.6 

16 

I  8 

9 

104 

11.6 

10.2 

1 1.5 

I  10 

.0 

1  i 

133 

13-2 

1  iiS 

11.8 

1  10.6 
• 

WdgfU  of  FuiUys  per  inch  7vidt\  in  the  Lancashire  and  Yorkshire  Districts^ 

Jr(m  I  foot  to  ^Jed  in  Diameter, 

Rough  Castings,   W-  7.625^- 1.5    ( 13  ) 

Turned  and  Finished  Pulleys,       W=      7^/- 1.75   (14) 

W=the  weight  of  the  pulley  in  pounds  per  inch  wide, 
i/sthe  diameter  in  feet 

Note. — These  forinulns  are  probably  applicable  for  pullejrs  of  from 
10  inches  to  10  feet  in  diameter. 

From  the  weights  of  a  very  large  number  of  rough  castings  of  pulleys, 
ranging  from  i  foot  to  7  feet  in  diameter,  as  used  in  the  I^ndon  district, 
supplied  by  Mr.  Chailes  Mackintosh,  the  following  formulas  have  been 
deduced.  For  rough  castings  above  2  feet  in  diameter,  the  weight  in- 
creases simply  as  the  diameter  increases.  For  diameters  less  than  2  feet, 
the  weight  increases  with  the  square  of  the  diameter.  The  same  propor- 
tional reduction  for  the  finished  weight  may  be  applied  to  the  Ijondon 
pulleys  as  was  done  to  the  Lancashire  pulleys: — 

Weigiit  of  Puiicys  per  inch  wide,  in  the  London  Distrid^  from  i  Joot  to 

7  feet  in  diamda'. 

Rouffh  castings  ^       exceeding  2  feet  in  diameter,   W=3rt'2+3         (  15  ) 

i^ougn  cascings  ^  2  feet  in  diameter  and  upwards,....  W=i2X^-9.5   (i6) 

Turned  and  \  not  exceeding  2  feet  in  diameter,  W  =  3^/^-  .625  2.75  wj  ) 
finished  pulleys  \  2  feet  in  diameter  and  upwards,  W « 1 1.625  </-  9.25        ( i ) 

Tlie  weights  of  pulleys,  rough  as  cast,  and  turned  and  finished,  have  been 
calculated  by  means  of  the  foregoing  formulas,  for  diameters  increasing 
from  10  inches  to  8  feet;  given  in  table  No.  265.  It  is  apparent  that  the 
London  pulleys  are  much  heavier  than  the  country  pulleys.  The  reduc- 
tion of  the  weight  of  the  rough  castings  by  turning  and'  finishing,  varies 
from  13  per  cent,  for  12-inch  pulleys,  to  10^  per  cent  for  2-feet  pulleys, 
and  9  per  cent,  for  8-feet  pulleys,  for  the  country  pulleys;  and  firom  15  to 
7  per  cent  for  the  London  pulleys. 
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Table  No.  265. — ^Belt  Pulliys — Calculated  Weights. 


niiiiaiwf 

Lapcashire 
per  inch  wide. 

Loudon. 

V\£   ^—  -  a  ■  ■■ 

1  Lancashire 
and  Yorluhire. 

London. 

Wcwht 
per  men  wide. 

Weight 
per  inch  wide. 

Weight 
per  inch  wide. 

Turned 

and 
Ffaiisbed. 

Roush 

Turned 

and 
Finished. 

Rough 
jCaadngt. 

Turned 

and  1 
Tinbhed. ' 

Rough 
jCaatiasi. 

Turned 

and 
Phn^hed. 

lbs. 

lbs. 

lbs. 

lbs. 

feci.  1 

lbs. 

1 

lbs. 

,  lbs. 

lbs. 

4,8 

4.08 

2  711  ' 

17.^0 

'  2  J..  2 

22.2 

1 1 

5-5 

4.67 

5-5 

4.68 

21.4 

19.25 

27.2 

25.1 

12 

6  I 

6  0 

C  1  1 

325 

27. 9 

13 

6.7 

! 

6.6 

5.67 

3.5 

25.2 

22.75 

*  33.2 

30.1 

14 

7.5 

6.42 

7-1 

6.12 

4 

29.0 

26.25 

i  39.5 

36.8 

15 

8.0 

7.00 

77 

6.67 

4-5 

'  32.8 

29.75 

45-5 

42.4 

10 

8.7 

7.58 

8.3 

7.22 

5 

36.6 

3325 

'  5'.5 

48.1 

18 

9.9 

8.75 

97 

8.51 

5-5 

40.4 

3675 

53.8 

20 

1 1.2 

9.91 

"3 

10.00 

6 

44-2 

40.25 

64.0 

60.0 

21 

1 1.6 

laso 

12.2 

ia9 

6.5 

48.1 

43.75 

7ao 

65.7 

2 

13-7 

12.25  1 

15.0 

13-50 

47.25 

1  76.3 

717 

2.25 

»5-7 

14.00 

18.1 

16.4 

557 

5075 

'  82.5 

77-3 

17.6 

iS-75  1 

21. 1 

'9-3 

59-5 

54.25  j 

|9»5 

84.3 

ROPE-GEARING.i 

Hound  hemp-ropes  working  in  grooved  wheels  are  occasionally  employed 
instead  of  belts  or  toothed  wheels  for  transmitting  power  from  the  engine. 
The  fly-wheel  is  made  considerably  wider  than  a  spur  fly-wheel  would  be, 

but  rather  less  than  a  belt-wheel  would  be,  and  V  i^rooxc^  nre  turned  out 
of  the  circumference,  the  sides  of  which  are  at  an  angle  of  40  ,  and  the 
number  and  size  of  which  are  regulated  l)y  the  quantity  of  power  to  be 
taken  off.  The  ropes  are  usually  5^  and  6}^j  inches  in  circumference  for 
larger  powers,  and  4^  inches  for  smaller  powers.  To  prevent  wear  and 
tear  of  rope,  the  circumference  or  the  diameter  of  a  pulley  should  be  at 
least  30  times  that  of  the  rope,  and  the  shafts  should  be  at  a  distance  apart 
of  from  20  to  60  feet 

The  number  of  ropes  required  for  the  transmission  of  a  given  power  is 
determined  from  the  circumferential  velocity  of  the  fly-wheel,  which  is  gener- 
ally between  3000  and  6000  feet  per  minute.  Mr.  Durie  instances  the 
rope-gearing  of  Messrs.  Nicoll's  factory  at  Dundee,  which  was  erected  in 
1870.  The  power  of  the  engine  varies  from  400  to  425  indicator  horse- 
power. The  fly-wheel,  22  feet  in  diameter,  makes  43  turns  per  minute^ 
with  a  sur&ce  velocity  of  2967  feet  per  minute;  it  is  4  feet  10  inches  wide, 
and  has  18  grooves,  each  of  which  is  occupied  by  a  6J^-inch  rope,  trans- 
mitting the  power  of  say  23  indicator  horse-power.  Five  ropes  are 
employed  to  transmit  the  power  to  the  ground  floor,  over  a  7>^-feet  pulley; 

*  See  a  paper  read  by  Mr.  James  Done,  at  the  InsHtutioii  of  Mecheaical  Engineers, 
publiihed  in  £nigimerh^,  November    1876,  page  394. 
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four  ropes  drive  a  5>^-feet  pulley  on  the  first  floor;  and  six  ropes  drive  a 
5^^ -feet  pulley  on  the  second  floor.  Lastly,  on  the  other  side  of  the  engine- 
shaft,      power  is  transmitted  by  three  ropes  to  a  weaving-shed,  on  a  7^^- 

feet  pulley.    For  23  horse-power,  the  stress  on  each  rope  is  ( '^^^^y      =  ) 

356  lbs.,  less  the  resistance  of  the  engine.  When  the  ropes  become  too  slack, 
they  are  cut  and  re-spliced,  and  the  work  of  a  rope  under  such  treatment 

is  temporarily  performed  by  the  other  ropes  driving  the  same  pulley. 

In  another  examjtle  40  indicator  horse  power  is  disposed  of,  for  each 
6}^ -inch  rope,  at  a  velocity  of  3784  feet  per  minute;  and  the  equivalent 

stress  is  (.M£^^^L42.=s )  349  lbs.  for  each  rope. 

37^4 

Taking  the  ultimate  strength  of  a  6^^-inch  rope  at  10  tons,  or  22,400  lbs., 
it  would  appear  that  die  working  stress  is  only  about  i  ^2  per  cent  of  the 
ultimate  strength ;  giving  a  factor  of  safety,  67. 

It  is  believed  that  an  economy  of  power  is  effected  by  the  substitution 
of  rope-gearing  for  toothed -gearing.  A  6^>inch  rope  is  equivalent,  accord- 
ing to  Mr.  Durie,  to  a  leather  belt  4  inches  wide,  for  the  transmission  of 
work,  at  say  3000  feet  per  minute.  From  some  comparative  experiments 
made  by  Mr.  W.  A.  Pearce,  Dundee,  it  appears  that  a  6-inch  rope  in 
a  grooved  pulley  possessed  four  times  the  adhesive  resistance  to  slipping 
exhibited  by  a  half-worn  ungreased  4-inch  single  belt 

The  ropes  used  for  gearing  are  made  of  carefully  selected  hemp: — the 
fibres  very  long,  well  twisted  and  laid,  yet  soft  and  elastic.  The  splice 
should  be  uniform,  of  the  same  diameter  as  the  rope,  and  9  or  10  feet  long. 

Transmission  of  Power  by  Rope  to  Great  Distances. 

Wire-Ropes. — M.  Him,  in  1850,  made  many  trials  with  endless  bands 
of  steely  iron  i)assing  over  pulleys  for  the  conveyance  of  power  to  great 
distances;  but  he  finally  adopted  iron  wire-rojies,  unannealed,  working  over 
grooved  pulleys  of  large  diameter.  M.  Umber,^  in  1859,  described  the 
apparatus,  llie  pulleys  may  be  of  hard  wood;  they  are  formed  with  a 
groove  sl^fhtl^  rounded,  about  2  mches  deep  and  inches  wide,  lined  at 
Uie  bottom  with  leather  or  gutta-percha.  They  should  be  at  least  i  metre, 
or  3.28  feet,  in  diameter,  and  should  be  driven  at  the  greatest  practicable 
speed.  A  diameter  equal  to  200  times  that  of  the  cable,  is  the  most  suitable 
proportion.  The  distance  apart  of  the  driving  and  the  driven  pulleys 
should  be  not  less  than  from  130  to  160  feet,  and  the  pulleys  may  be  placed 
at  any  greater  distance  apart.  The  greater  the  distance  apart,  the  steadier 
the  movement  The  velocity  of  the  rope  is  about  50  feet  per  second,  or 
3000  feet  per  minute.  At  this  rate,  a  force  of  11  lbs.  would  be  equi- 
valent to  I  horse-power. 
The  most  common  sizes  of  wire-rope  employed  are  as  follows : — 

4  millimetres,  or  .16  inch.      .10  kilogramme.      .30  pound. 
^       n       or. 24  „        .17       „  .34  „ 

9       »»       0^35    .»        -3'       «  62  „ 

12       »»       or  .47   „        .45       „  .90  „ 

At  Colmar,  a  force  of  47  horse-power  is  transmitted  a  distance  of  250 

*  Annakt  da  Pntis  d  Ckaius&tt  1859. 
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yards  by  a  '-'^-inch  wire-rope,  over  two  pulleys  of  3  metres,  or  about  10  feet  in 
diameter,  making  95  turns  per  minute.  The  rope  is  supported  at  the  middle 
of  the  span  by  pulleys  of  i  metre  in  diameter.  The  frictional  resistance  is 
less  than  3  per  cent  The  ropes  receive  a  coat  of  a  mixture  of  ofl  and  tar 
twice  per  month,  and  they  wear  welL 

The  ropes,  in  all  cases,  consist  of  36  wires,  in  six  strands  of  6  wires  each, 
on  a  core  of  hemp.  Each  strand  likewise  is  formed  on  a  hempen  core.  The 
hempen  cores  are  favourable  for  flexibility. 

From  another  account,  it  appears  that  100  horse  power  can  be  transmitted 
120  yards  without  any  intermediate  support,  by  an  endless  wire-roije  of 
.40  inch  in  diameter,  over  pulleys  from  13  to  14  feet  in  diameter,  making 
100  turns  per  minute,  equivalent  to  a  velocity  of  rope  of  upwards  of  4000 
feet  per  minute.  For  longer  distances,  the  rope  is  supported  at  intervals  of 
s  60  yards  by  7-feet  pulleys.  The  calculated  loss  of  power  in  transmitting  1 20 
horse-power  is  17^^  per  cent,  or  21  horse-power.  The  sources  of  loss  are: 
—  ist.  Theresistanceof  the  air  to  the  arms  of  the  wheels.  2d.  The  resistance 
of  rigidity  of  the  rope  in  jiassing  over  the  wheels.  3d.  Axle-friction : — fixed 
loss  2 14  percent,  for  the  large  pulleys,  and  i  per  cent,  for  every  1000  yards. 

In  an  excellent  illustrated  account  of  M.  Him's  rope- transmitter,  by  Mr.  H. 
M.  Morrison,^  he  states  that  soft  willow  wood  succeeds  best  as  lining  for  the 
large  pulleys.  The  pulleys  were  constructed  successively  of  copper,  hardwood, 
and  polished  cast  iron,  and  were  also  tiuced  with  leather,  horn,  mdia-rubber, 
lignum-vitae,  and  boxwood ;  but  all  these  materiak  failed,  as  the  facings  were 
soon  worn  out,  and  when  the  groove  was  of  metal  or  hardwood,  and  did  not 
itself  wear,  it  destroyed  the  rope.  The  tension  in  the  upper  rope,  he  says,  is 
just  double  that  in  the  lower  rope.  The  best  method  of  changing  the  direc- 
tion of  transmission  of  the  power,  at  any  point  in  its  course,  has  been  found 
by  experience  to  be  by  the  use  of  bevil-wheels.  Directing  pulleys  are  not  so 
good  for  the  purpose.  For  high  speeds,  the  pulleys  should  be  of  best  cast 
steel,  as  iron  pulleys  may  fly  to  pieces  by  centrifugal  force.  Mr.  Morrison 
states  that  the  fine  makes  of  ropes  are  constructed  of  6  strands  of  12  wires 
each — 72  wires  in  all;  and  thiat  in  America,  the  wires  are  still  finer  and 
closer,  and  as  many  as  135  in  niuidt>er. 

Cotton  Ropt's. — Mr.  Ramsbottom,  in  1863,  applied  cotton  ropes  or  cords, 
for  driving  the  traversing  cranes  at  Crewe  workshop.s.^  ^rhe  cords  are  made 
of  soft  white  cotton,  5^  inch  in  diameter  when  new,  and  weighing  i  'j  oz. 
per  foot ;  they  soon  become  reduced  to  ,5  inch  thick  by  stretching,  and  they 
last  about  eight  months.  They  are,  when  new,  rubbed  over  with  a  little 
tallow  and  wax.  The  total  lengths  of  each  of  the  two  cords,  in  three  different 
shops,  are  respectively  800, 320,  and  560  feet  The  pulleys  over  which  they 
are  passed  are  not  less  than  18  inches  in  diameter,  or  32  diameters  of  the 
cord;  and  in  the  first  of  the  above  shops,  alone,  die  cord  makes  from  12 
to  20  bends  according  to  the  machinery  in  action.  The  groove  of  the 
driving-pulleys  is  V-shaped,  at  an  angle  of  30^,  and  the  cord  is  grijjped 
between  the  inclined  sides.  The  cord  is  supported  at  intervals  of  12  or 
14  feet  by  flat  slippers  of  chilled  cast  iron. 

The  velocity  of  the  cord  is  5000  feet  per  minute;  and  as  some  of  the 
pulleys  make  1000  turns  per  minute,  they  require  to  be  perfectly  self-balanced, 

*  Proceedittiis  of  tlu  Imtituticu  of  Mechanical  Engineers ^  1 874. 

*  See  his  Vapcr  on  die  subject,  in  the  Freceedings  of  tht  InstUtOhn  of  MichaniaU 
Ettgmttrst  18614. 
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in  order  to  run  with  steadiness  and  eaae.  In  tiie  overiiead  ttaveneis,  lihe 
total  leverage  is  slightly  over  3000  to  i ;  and  in  lifting  a  load  of  9  tons,  the 
actoal  pull  on  the  rope  is  1 7  lbs.  A  tightening  stress  on  the  cord  of  109  lbs., 
applied  by  means  of  a  weighted  pulley,  is  found  to  keep  it  steady,  and  to 

give  the  required  depjee  of  hold  on  the  main  driving-pulley. 

In  the  wheel-shop,  two  dozen  pairs  of  blocks  and  ropes  had  previously 
been  employed,  reijiiiring  a  large  number  of  labourers  to  work  them;  whilst 
now  the  two  traversing  cranes,  with  two  men  to  work  tliem,  do  the  whole 
work  of  tile  shop,  and  it  is  done  much  more  quickly  than  before. 


SHAFTING. 

Shafting  is  subject  to  two  kinds  of  stress: — ^transverse  and  torsionaL 
The  dimensions  of  shafts  are  settled  by  conditions  of  stifihess,  or  resistance 
to  deflection,  under  the  action  of  either  kind  of  stress. 

Transverse  Deflection  of  Shafts. 

The  deflections  of  cast-iron,  wrought-iron,  and  steel  bars  or  shafts,  loaded 
at  the  middle,  are  given  by  formulas  (8)  and  (10),  pa^e  564;  (5)  and  (6), 
page  590;  and  (  3  )  and  (  4  ),  page  619.  The  deflection  under  the  same 
weight  uniformly  distributed,  is  fiths  <k  that  under  the  weight  when  placed 
at  the  middle.   Altering  some  of  the  measuresy  let 

D  =  the  deflection,  in  inches. 

W  -  the  weight,  in  pounds. 
/=  the  length  or  distance  bet\\een  centres  of  bearings,  in  feet 
^  =  the  diameter  of  the  round  shaft,  in  inches, 
d  ^  the  side  of  the  square  shaft,  in  inches. 
The  modified  formulas,  adapted  for  uniformly  distributed  weight,  are 
given  in  two  series;  first,  for  shafts  simply  supported  at  the  ends;  second, 
for  shafts  fixed  at  both  ends,  as  are  continuous  shafts.    In  settling  the 
divisors  for  the  second  series,  it  is  assumed  that  the  detlections  are  one-haJf 
of  those  of  the  first  series.   The  deflections,  actually,  are  not  so  great  as 
one-half;  and  margin  is  thus  left  for  deflection  arising  from  the  mode  of 
application  of  the  torsional  force,  and  for  the  excess  of  deflection  at  the 
loose  end  of  the  line  of  shafting. 

Transverse  Deflcciion  of  Shafts,  under  Uniformly  Distributed  Weight, 

Supi^x  rtcU  at  the  ends.    Fixed  at  the  ends. 


Cast-iron  shafts ; — Round,  D  = 

Square,  D  = 
Wrought-iron  shafts; — Round,  D  = 

Square,  D  = 
Steel  shafts: — Round,  D  = 


W/5 


39,400 

W/3 


58,000 
W/3 


66,400  d*' 

97,500  b*^ 
W  /3 


D 

D 

D 


79,000  tf*      ^  ' 

W  .  . 

116,000^^  ' 

133,000^*"* 

5,000 


»95 


W/3 


78,800  ^ 
.      u:>^^  r4"(^) 

116,000^  232,000^^ 


158,000  </' 

W  /3 
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The  working  limit  of  dedecttoa  is  taken  as  Vmo  inch  per  foot  of  length, 
or  of  the  distance  of  hearings;  and  the  limiting  value  of  D  in  inches  ia 

lOO 

By  substitution  of  this  value  for  D;  and  by  reduction  and  inversion; — 

Tk€  Diameter  ami  tJte  Side  /or  the  Limiting  Tratisverse  De/Uctim, 

Sappomd  at  die  «adk    Fiwd  at  dw  «nda. 

W  W  /■ 

Cast-iron  shafts : — Round,  d''  :  d*-  =    (7) 

394  790 

Square,     =  d*  =  ^^   (8) 

^      '        580*        1 160  ^  ' 

Wrought-iron  shafts:— Round,  d**^;  d^^-H-L-   ( 9 ) 

004  1330 

Square,***—;  **«^   (10) 

975  1950 

Steelshafts:— Round, ^*  =  ^^C   (") 

788         1576  ^ 

Square,  d*    (is) 

IIOO         2320  ^ 

T/u  Distributed  Weight  /or  the  Umiting  Tratuverse  Defieetim* 

Svpvortidatbodiciidi.  Fixed  «t  the  cada. 

Cast-iron  shafts:— Round,  W - W  =  ^9^*         ( ,3  ) 

Square,  W  =  58£l\  w=ii^^   (14) 

Wrought-iron  shafts: — Round,  W«^~^;  \v  = '33Q^   (15) 

•  Square.  W=9I5A';  W.ii-^'   (.6) 

Sted  diatet-Roiiiid.  W-l?*/-;  ^.m^        ( 17 ) 

Squaws,  W-iiJ^';  W-  ^ =°    (  ,8  ) 

\pverhung  shafts, — When  the  weight  is  overhung  on  a  length  /  from  the 
bearing,  the  deflection  is  approximately  i6  or  20  times  the  deflection  as 
fouqd  by  the  above  formulas,  for  ihe  same  weight,  on  the  same  length,  /, 
when  supported  at  both  ends.] 

Let  the  total  distributed  weight,  including  the  weight  of  the  shaft  with 
wheels  and  ynillcys,  and  the  resultant  stresses  of  driving  bands,  be  taken  at 
times  the  weight  of  the  shaft.  The  weight,  in  pounds  per  foot,  of  a 
wrought-iron  round  shaft,  is  3.33  lbs.  per  square  inch  of  section;  and  with 
wheels,  &c.,  it  is  (3.33  x  i^  = )  5.83  lbs.  per  square  inch.  In  terms  of  the 
diameter  d^  for  a  length  m  feet  /,  the  gross  weight  W  for  wrought-izon  is 
.7854  /x  5.83;  for  cast  iron,  hi  the  same  way,  it  is  .7854 /*/x  5.47; 
aiid  for  steel,  it  is .  7854    /  x  5.95.  Whence : — 
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Gross  Distributed  Weight  of  Round  Shafts  with  Mountings  Jor  the 

Limiting  Span. 

(Shaft  fixed  at  both  ends.) 

Cast-iron  round  shafts,  W  =  4.30  rt''  /   (  19  ) 

Wrought-iron  round  shafts,  \V  =  4.58    (  20  ^ 

Steel  round  shafts,  W  =  4.67  dU   (  21  ) 

Substituting  these  values  of  W,  in  formulas  (13),  (15),  and  (17),  for  the 
shaft  hxed  at  the  ends,  and  reducing : — 

Length  of  Span  for  Hu  LimiHng  TVansverse  Deflection  under  the  Grm 

DistrOutai  Wiigki. 

(Shaft  fixed  at  bodi  ends.) 
Cast-uon  round  shafts^  i^m  184  d^i  and  /«  ^^184       ( 32  ) 

Wrought-iron  round  shafts,    =  290      and  /=      2^0  d\,.  (  23  ) 

Sted  round  shafb,  ''«337  /=  ^ 337  d\..  (  24 ) 

When  the  shaft  is  employed  to  transmit  power  without  giving  off  any, 
the  distributed  weight  is  only  that  of  the  shaft  itself.  The  formulas  (22), 
(23),  and  (24)  may  be  adapted  for  the  less  weight  by  increasing  the  coeffi- 
cients in  the  ratio  of  i  to  i^. 

Length  of  Span  for  the  Limiting  Transverse  D^UUion  under  the  Nei  IVeigki 

0/ the  Shaft  only, 

(Shaft  fixed  at  both  ends.)   

Cast-iron  round  shafts,  7^=322      and/"      322 rf*...  (  25  ) 

Wrought-irou  round^shafts,    =  508  d*y  and  /  =      508  d^ ...  (  26  ) 

Sted  round  shafts,  59'  ^>  and  /=  ^$9^  d* ...  (  27 ) 

The  length  of  span  und^r  the  gross  distributed  weight,  is  to  that  under 
the  net  weight  of  the  shaft,  as  i  to  ^ i-ISt  or  as  i  to  1.205,  or  i  to  i  Vs  • 

The  Ultimate  Torsional  Strength  of  Round  Shafts. 

Modifying  formulas  (14),  ])age  566  ;  {9),  page  591;  and  (5),  page  620  ; 
to  express  the  relations  of  the  moment  W '  R,  in  statical  foot-pounds,  being 
the  diameter  in  inches.  * 

Torsional  Strength  of  Hound  Shafts, 

For  cast  iron,  W'  R=  373         d^  = 


,  For  sted,  tensile  Strength  )      J.  ^  J     ^3.    ^_W  R 
30  tons  per  sq.  m.  /  '       ~  1120 


d'^ 

W'R 

..  (28) 

373 

W'R 

d^= 

..  (29) 

933 
W'R 

1120' 

(30) 
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Torsional  Deflection  of  Round  Shafts. 

The  deflections  of  round  bars  or  shafts  of  cast  iron,  wrought  iron,  and 
steel,  under  torsional  stress,  within  elastic  limits,  are  given  by  formulas  (18), 
page  566;  (14),  page  592;  and  (8),  page  621.  Altering  some  of  the 
measures,  let 

D'  =  the  angular  deflection  in  parts  of  a  revolution. 
W'  =  the  twisting  force,  in  pounds. 
R  =the  radius  of  the  force,  in  feet. 
W  Rsthe  moment  of  the  force,  in  statical  foot-pounds, 
/'sthe  length  of  the  shaft,  in  feet 
dm  the  diameter  of  the  shaft,  in  inches. 

The  modified  formulas  are  as  follows;  the  coefficients  are  given  in  the 
nearest  round  numbers. 

Torsionai  D^ectkn  of  Round  Shafts,  • 

Cast-iron  shafts,.  D  '=^^^-^^-   (31) 

11,100  ' 

Wrought-iron  shafts  D' «  -^V    (  32 ) 

16,600  <j* 

Steel  shafts,  D'«— ^  ^   (33) 

34,3ooijr* 

A  torsional  deflection  of  i",  in  a  length  equal  to  20  diameters  of  the  shaft, 
is  a  good  working  limit  of  deflection ;  that  is,        th  part  of  a  turn,  or 

.00278  turn,  for  20  diameters.  Now,  for  cast-iron,  W  R  =  ^  1,100 D  . 
wrought  iron,  W  r  =  1M£^^'.  steel,  W  R«34j300^.  ^^^^^^ 
tuting  .00278  for  D',  and       for  /,  in  these  equations,  and  reducing: — 

T/u  Working  Moment  0/  the  Force,  and  the  Diameters/or  the  LimUing 

Torsional  Deflection, 

Porcastiron,  W'R=i8.5^';   ^'  =  ^V^   (34) 

1 0.5 

For  wrought  iron,  W'R=27.7^/3.   d^J^Llt   (35) 

27.7 

For  steel,  W'R-57.2i/»;    ^^^j 

57.2 

By  these  convenient  transformations,  the  diameter  is  reduced  to  the  third 
power;  and,  since  the  ultimate  torsional  strength  is  also  in  the  ratio  of  the 
third  power,  the  same  margin  of  strength,  or  factor  of  safety,  is  provided  by 
the  formulas  for  all  diameters.  Comparing  the  coefficients  in  the  foregoing 
formulas,  for  the  ultimate  and  the  working  moments,  the  factors  of  safety  are 
found  to  be,—  • 
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For  cast-iron  round  shafts,  »  ao,  iactor  of  safety. 

IO-5 

For  wrought-iron  roumd  shafts^       »  34,  £u:tor  of  safistar. 

27.7 

For  steel  round  shafts,  IlfSs  19.5,  factor  of  safety. 

57-2 

The  formulas  (34),  (35),  and  (36)  are  reduced  to  rules  as  follows: — 

RuLK  I.  To  find  the  maximum  Torsional  Stress  that  nuiy  he  transmitted 
by  a  sha/tj  within  good  ivorking  limits. — Multiply  the  cube  of  the  diameter 
in  inches,  by  18.5  for  cast  iron;  by  27.7  for  wrought  iron;  or  by  57.2  for 
steel   The  product  is  the  torsional  stress  in  statical  foot-pounds. 

Rule  3.  To  find  the  Diameter  ef  a  shaft  capable  «f  transmitting  a  given 
torsional  stress^  within  good  7vorking  limits, — Divide  the  torsional  stress  in 
statical  foot  pounds,  by  18.5  fur  cast  iron;  by  27.7  for  wrought  iron;  or  by 
57.2  for  steel.    The  cube-root  of  the  quotient  is  the  diameter  in  inches. 

A^ote. — The  torsional  stress  is  expressed  by  the  product  of  the  actual 
torsional  force  in  pounds,  by  the  radial  distance  in  feet  at  which  it  is  applied. 

Power  that  may  be  Transmitted  by  Round  Shafts,  within 

Good  Working  Limits. 

The  working  moments  of  the  force,  in  statical  foot-])ounds,  formulas  (34), 
(35),  and  (36),  are  equivalent  to  as  many  pounds  acting  at  a  ratiius  of 
I  foot;  and  for  one  turn  of  tlie  shaft,  the  work  done  is  equivalent  to  the 
product  of  the  moment  by  (3  feet  x  3.1416  = )  — 

The  Warh  Jer  One  Turn  efa  Round  Shaft, 

Cast  iron,  U=  ii6</'   (  37 ) 

Wrought  iron,  U=  174    (38) 

Steel  U«359i^*   (39) 

The  horse-power  developed  is  equal  to  the  work  done  in  one  turn  multi- 
plied by  the  speed,  or  number  of  turns  per  mmute,  divided  by  33,000 ; — 

Horsepower  of  a  Round  Shqft, 

Castiion  H="^'^^  =  '^   (40) 

33,000     2b5  • 

Wrought  iron,  H = I'l  '^i? =   (  41 ) 

33,000  190 

Steel,   (4.) 

33,000  92 

in  which  S  -  the  speed  in  turns  per  minute,  and  H  ~  the  horse  power. 

RuLB  3.  lb  find  the  maximum  Horsepower  of  m  shaft,  witkU  good  work- 
ing /Mi«er.— Multiply  the  cube  of  the  diameter  iai  inciies,  by  the  speed  in 
turns  per  minute;  and  divide  by  285  for  cast  iron,  by  190  for  wrou^^t  iron, 
or  by  92  for  steel.    The  quotient  is  the  horse-power. 

The  following  additional  rules  are  obtained  by  inversbn  of  the  formulas 
(40),  (41),  and  (42):—  . 
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Rule  4.  To  find  the  Diametty  of  a  shaft  capable,  7i'ithin  ^ood  working 
/itm4s,o/ transmitting  a  ^vm  horse-power. — Multiply  the  horse-power  by  285 
for  cast  iron,  by  190  f<tf  moiight  iron,  or  by  92  for  steel;  and  divide  by 
the  speed  in  turns  per  minute.  The  cube-root  of  the  quotient  is  the  diameter 
in  inches. 

Rule  5.  To  find  the  Speed  required  for  transmitting  a  given  horse-power^ 

within  good  working  limits. — Multiply  the  horse  power  by  285  for  cast  iron, 
by  190  for  \\Tought  iron,  or  by  92  for  steel  ;  and  divide  the  product  by  the 
cube  of  the  diameter  in  inches.    The  quotient  is  the  speed  in  turns  per 

minute. 

The  table  No.  266  shows  the  net  weight  of  round  wrooght-iron  shafting 
per  lineal  foot,  extracted  from  table  No.  76,  page  240;  and  Ae  gross  weight 
per  lineal  foot,  composing  weight  of  pulleyis^  stress  of  belts,  &c.,  taken  at 
I     times  the  net  weight  of  the  shafting; 

Table  No.  266. — Weight  of  Round  Wrouoht-Iron  Shafting. 


Gross  weight  =  I  ji^  times  net  weight  of  shafL 


Wc 

ght 

Weight 

Weight 

Diameter 

per  line 

alfoot. 

Diameter 

per  fineal  fooc 

Diameter 

per  lineal  foot 

ofSliafC 

of  Shaft. 

of  Shaft. 

Nd. 

GroM. 

N... 

Grout. 

Net 

QroM. 

inches. 

lbs. 

lbs. 

inches. 

lbs. 

lbs. 

indies. 

lbs. 

lbs. 

I 

2.62 

4.58 

3H 

33-5 

58.8 

9 

212 

371 

4.09 

7>5 

4 

41.9 

73-5 

236 
262 

413 

5.89 

10.3 

4X 

47.3 

82.8 

10 

458 

iH 

6.91 

1 2. 1 

4M 

53^ 

92.8 

II 

555 

8.02 

14.0 

4H 

59.1 

104 

12 

377 

660 

9.20 

16.1 

5 

65.5 

"5 

13 

398 

697 

2 

1  10.5 

18.3 

72.2 

126 

14 

462 

808 

11.8 

ao.6 

79.2 

>39 

15 

530 

928 

133 

23.3 

SX 

86.6 

152 

16 

670 

1 176 

2H 

14-8 

25.9 

6 

94.2 

165 

17 

759 

1330 

i  16.4 

28.7 

III 

196 

18 

848 

1484 

f 

1 

34.6 

128 

224 

19 

945 

1652 

23.6 

41.3 

Ih 

147 

257 

20 

1040 

1834 

3^ 

27.7 

48.4 

8 

168 

294 

3'A 

32.1 

56.2 

189 

33 » 

The  table  No.  267  gives  the  torsional  strength  and  horse-power  of  round 
shafts  of  wrought  iron,  within  the  good  working  hmits  aheady  defined,  from 
I  inch  to  20  inches  in  diameter.  The  sd  column,  ultimate  torsional 
resistance  reduced  to  statical  foot-tons,  is  calculated  by  means  of  formula 
(29),  page  758;  the  3d  column,  working  tor»onal  stress,  is  calculated 
with  formula  (35),  page  759;  the  4th  column,  work  done  for  one  turn,  with 
formula  (38),  page  760;  the  5th  column,  horse-power  at  the  rate  of  one  turn 
per  minute,  with  formula  (41),  page  760:  the  6th  column,  si)ce(l  retjuired 
for  one  horse  power,  contains  the  recipro(  als  of  the  \  alues  in  column  5  ;  they 
may  be  calculated  by  rule  5,  above;  the  7th  and  8th  columns,  distance  of 
bearings  and  distributed  Weight,  are  calculated  with  fonnulas  (23)  and  (20), 
page  758 ;  and  the  9th  column,  distance  of  bciarings  under  net  weight,  with 
formuia  (26).  Multipliers  for  shafts  of  cast  iron  and  of  steel,  are  subjmned 
to  the  table. 
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Table  No.  267. — Strength  of  Round  Wrought-Iron  Shafting. 


Diameter 
of  Shaft. 


19 

20 


ToBSioNAi.  Action. 


Ulti- 
mate 
Resist- 
ance. 


(0 
inches. 

I 

in 
2 

2% 
2% 

2% 

3 

3V 
3K 
3^ 
4 

4V 

4^ 
4^ 
5 

5¥ 
6 

V 

9 

9>i 
10 
II 
12 

13 
14 

11 


uatical 
ft.>Coiu. 
.42 
.82 
1.42 
1.80 
2.25 
2.77 

336 
4.00 
4.80 
5.62 
6.56 

8.73 

"•3 
14.4 

18.0 

22.1 

26.9 

32.2 

38.2 

450 

52- 5 
60.7 

69.8 

79.8 

90.6 

117 
144 

177 

258 
306 

360 

420 

559 
725 
922 

1153 

1417 
1720 
2062 

2447 

2880 

1  3360 


Working 


statical 
Ik. -pounds 
27.7 

54.1 

118.9 

148.4 
183.6 

221.6 

265.8 

3i5-5 
371." 
432.8 

576.1 
747-9 

1188 

1461 

1773 
3127 

2524 
2969 


4' 
4609 

5266 

5983 
7606 

9501 
11,680 
14,180 

17,010 
20,190 

23.750 
27,700 

36,870 

47,860 

60,860 

76,010 

93.490 
113.500 
136,100 
161,500 

190,000 
221,600 


Work 
for 
One  Turn 


Horse- 
power 
at  the 
rate  of 
One  Turn 
per 
Mmute. 


(4)  , 
fc-pouads. 

174 

^7 

746 
932 
1147 
1391 
1669 
198 1 

2330 

2718 

3618, 

4697 
5972 
7458 
9173 
11,130. 
13.360! 

15.850 
18,650 

21,740 

25.170 

28,950 
33.070 

I  37,570 1 
I  47,770; 

!  59.670 
73.390! 

I  89,070 
106,800 
126,800 

'  149.200 
174,000 
231,500 
300,000 

j  383,200 

;  477,300 
587,100 
I  7»2,5oo 
854,800 
'1,015,000 
1,103.000 
ji,  39 1, 000 


(5) 

H.  P. 

.00526 
.01028 

01779 

.02259 

.02820 
.03469 
.04211 

.05062 

•05995 
.07051 

.08224 

.1094 

.1421 
.1807 
.2257 

•2775 
.3368 
.4040 

.4796 
.5642 
.6579 
.7616 
.8758 

I.  000 

1137 
1.445 

I.  805 
2.220 
2.694 
3- 232 
3.837 
4.512 
S.360 
7.005 
9.095 

II.  83 

14.44 

17.76 
21.56 
25.86 

30.69 
36,10 
42.11 


Speed 
in  Turns 

per 
Mmute 
for  One 
Hone- 
Power. 


190 

97.3 
56.2 

44-3 

23-7 
19.8 
16.7 
14.3 
12.2 
9.14 

7.04 
5-54 

4-43 

3.60 

2.97 
3.48 

2.09 
1.77 
152 

1.31 

1.14 

1.00 

.880 
.693 

•554 
.450 

.371 
•309 
.261 

.332 
.190 

.143 
.110 

.0865 

.0693 
.0563 
.0464 
.0387 
.0326 
.0277 
.0237 


TkAWi 


AcnoM. 


Under  the  Gross 
DiitrilNiicd  Wdght 

Under  the  1 

net  Wciehi  1 
ofShau.  1 

Distance  | 

Weight  1 
for  the  ' 
Span. 

Distance  l 

of  Bearings 
for  the 

of  Bearings  , 
forthe 

Limiting  ' 

Defl'tion. 

Deflection. 

(7) 

(8) 

feet. 

lbs. 

feet. 

6.6 

30 

7  0 

8.6 

55 
89 

9-2 

10.3  1 

9.2 

112 

I  I.O  1 

9.6 

134 

II.5 

to.t 

163 

I2.I 

10.5 

193 

12.7 

II.O 

227 

13  2 

"J 

264 

13-7 

II.8 

305 

14.S 

12.5 

359 

15.0 

13-0 

450 

15.6 

13-7 

566 

16.5 

14-5 

701 

17  4 

15.2 

854 

18.3 

16.0 

1029 

19.2 

16.7 

1225 

20.1 

1439 

9&9 

18.1 

1679 

21.7 

18.8 

1943 

22.6 

19.4 

3330 

233 

20.0 

2525  1 

24.0 

20.6 

2854  1 

24.7 

21.2 

3210  ^ 

254 

21.8 

3600 

26.2 

S3.9 

4421 

37.C 

24.2 

5426 

29.0 

25.3 

6518 

30.4 

26.5 

7774 

31.8 

27.6 

9»33 

33  1 

28.7 

10,650 

34-4 

29.8 

12,320 

35-7 
36.9 

30.8 

14,100 

32.8 

18,180 

34-7 

22,880 

41.7 

36.6 

28,330 

44.0 

38.5 

34,560 

46.2 

40.3 

,  41,530 

48.4 

42.1 

49.330 

1  50.5 

1  43.8 

57,970 

1      52- 6 

!  45.5 

67,490 

!  54-6 

i  47.2 

78,040 

t;6.6 

1  48.8 

1  80,660 

Xi^tr.  -To  find  the  correspondmc  vshtcs  f«r  fhafts  of  CBit  boo  and  of  mad,  amldply  the  tabular  vabca 

\iy  the  following  multipliers:  — 

Casi  Irun,    a/,  ||      a/,    I  |  11    1.5     I      .86    I     .81     11  .86 

Sted,       1.3  II  3.06  I  a.o6  I  3.06  II    .48  II  1.05   I  1.07   II  1.05 
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Frictional  Resistance  op  SHArniiG. 

The  frictional  resistance  of  horizontal  shafting  running  on  cylindrical 
journals,  is  calculable  by  means  of  formulas  (  2  )  and  (  7  ),  pages  725,  726; 
where  the  coefficient  of  friction,  /  is  determined  by  experiment  M.  M<mn's 
d^a,  page  722,  show  that  the  coefficient  is  .075  with  oidinaiy  oiling,  and 

.041  with  continuous  oiling. 

The  table  No.  268,  next  page,  is  based  on  the  results  of  extensive  obser- 
vations on  the  resistance  of  mill-shafting  in  America,  by  Mr.  S.  Webber,^ 
of  Manchester.  N.H.  Take  the  average  of  his  frictionad  coefficients  with 
those  of  M.  Morin:— 


M.  Morin's  coefficients,...  .075   042 

Mr.  Webber's  coefficients,  .066   044 


Means,  070  or,  '/uth   043  or,  Vs34 

Substituting  these  values  of  the  coefficient  /  in  formulas  (  s )  and  ( 7  ), 
pages  725,  726:— 

Work  Absorbed  hy  Friction  far  One  Turn  of  a  fforimmtttl  Shaft. 

Ordinary  oiling,   U  =  .oi82  W  ^    (  43  \ 

Continuous  oiling,   U  -  .01 12  W    (  44  ) 

Horsefmver  Absorbed  by  FrUHon  of  a  HorisowUU  Shaft • 

Onlinacy  oiling,  H  -  -^ii^J^  =  W  ^ J   (  45 ) 

33,000  1,800,000  ,      ^  r 

Continuous  oiling,...H  -  ^il^JL^  =      ^  S_    .  ^  v 

33,000  2,950,000 

U  =  work  absorbed,  in  foot-pounds. 

W  s  total  weight  of  shafting  and  pulleys,  plus  the  resultant  stress  of  belts, 

in  pounds. 
H*  horse-power  absorbed. 

4/.  diameter  of  journals,  in  inches. 

Ssthe  number  of  turns  per  minute. 

The  resistance  of  upright  shafting  is  probably  about  three-fourths  erf"  that 
of  horizontal  shafting: — ^m  the  ratio  of  the  resistance  of  a  cylindrical  pivot 
to  that  of  a  journal. 

Ordinary  Data  for  the  Resistance  of  Slufting, — Mr.  R.  H.  Tweddell  gives 
the  following  results  of  observations: — 

Indicator  horse-power,  driving  the  shaftiog  of  a  tool-shop  alone,  6.65 
Do.        do.       resistance  of  steam-engine  alone,   3.51 

Da         do.       net  power  absorbed  by  shafting  alone......  3.14 

The  shafting  was  300  feet  long,  and  so  consumed  i  horse-power  per  100 
feet  of  length  in  turning  it  The  speed  is  not  stated.  This  resistance  was 
equal  to  from  15  to  17  per  cent  of  the  total  indicator  h<»se-power,  for 
ddinaiy  full  work. 

'  Jhumal  «f  the  PTatiUm  IiuHhOtt  vol.  Ixviii.,  1874,  p.  261. 
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Mr.  Westmacott  states  that  1200  feet  of  shafting,  having  an  average 
diameter,  2^  inches,  and  that  had  been  running  for  years,  absorbed 
I  indicator  horse-power  per  100  feet  of  length  to  dinve  it  alone — all  belts 
off" — at  120  turns  per  minute. 

Mr.  B.  Walker  states  that  the  resistance  of  the  shafting  at  the  flax  mills 
of  Messrs.  Marshall,  Leeds,  with  bcks,  absorbed  less  than  10  per  cent,  of 
the  total  indicator  power  of  the  engine.^ 

M.  £.  Coraut  found,  by  careful  experiments,  that,  in  the  flax  mills  at 
Ham6gicourt,  when  all  the  machines  were  at  woric,  the  total  power 
requir^  to  drive  the  mill  was  150  indicator  horse-power;  and  the  power 
required  to  drive  the  engine  and  shafting  alone,  was  about  30  indicator 
horse-power,  or  20  per  cent,  of  the  total  ])ower.^ 

Mr.  R.  Davison,  about  1842,  tested  the  power  absorbed  by  shafting  at 
Truman,  Hanburv,  and  Uuxton  s  brewery.  There  were  190  feet  of  hori- 
zunial  shafting,  and  80  feet  of  upright  shafting;  total  length,  270  feet,  on 
thirty-four  beiurings  having  3300  square  inches  of  area,  together  with  eleven 
pairs  of  spur  and  bevil  wheels,  from  2  to  9  feet  in  diameter.  They  absorbed 
7.65  indicator  horse-power.  The  shafting  had  probably  an  average  diameter 
of  4^  or  5  inches;  and  the  resistance  was  at  the  rate  of  a.73  hone-power 
per  100  feet.    The  speeds  were  not  given. ^ 

Mr.  Webber,  tal)]e  So.  268,  shows  that,  taking  great  lengths  only,  from 
0.33  to  0.78  horse  power  per  100  feet  is  absorbed,  with  constant  oiling; 
and  that  from  0.40  horse-power  to  nearly  1)2  horse-power  per  100  feet, — 
averaging  about  i  horse-power  per  100  feet, — is  absorbed  with  ordinary 
oiling. 

Journals  of  Shafts. 

The  journals  or  bearings  of  shafts  should  be  proportioned  \nth  reference 
to  the  pressure  or  load  to  be  sustained  by  the  journal  and  its  pedestal  The 
simplest  measure  of  the  bearing  capacity  of  a  journal  is  the  product  of  its 
length  by  its  diameter,  in  square  inches;  and  the  axial  area  thus  obtained 
may  be  multiplied  by  a  proper  unit  of  pressure  per  square  inch,  to  give  the 
bearing  capacity.  Sir  Wm.  Fairbairn  and  Mr.  Box  give  instances  of  the 
weights  on  bearings  of  .shafts,"*  from  which  the  following  deductions  are 
made,  showing  the  pressure  per  square  inch  of  axial  section  of  journal : — 

in.        in.  lbs. 

Fly-wheel  shafts; — ^journal,  18  x  14;  pressure  per  square  inch,  178 

»  11     II  X    9>^  w  225 

»»  »     lo^xS^  „  222 

Aven^,   208 

lbs.         Ibt.  FkCKure. 

Link-beanngs,        456  to  690;  average  per  square  inch,       573  lbs. 

Crank-pins,   (SSytoiisa;         „  „    874 

Mr.  Box  says,  that  the  pressure  on  bearings,  in  most  cases,  should  not 
exceed  500  lbs.  per  square  inch,  measured  on  the  circumference  of  the 
journal,  equivalent  to  750  lbs.  per  square  inch  of  the  axial  section. 

*  Proceedings  of  the  InsHtuthn  of  Afeckemital  Engineers,  1874. 

'  Essais  Dyuamometriqius,  1 873. 

'  Pi\h  (yJitt!:^s  of  tfw  Institution  of  Civil  Engineers,  1 843. 

*  Mills  and  MtUiucrk^  part  it  page  73;  Mill-Geanng^  page  52. 
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Dr.  Rankine^  gives  the  foUowmg  as  ordinaiy  values  of  die  intensity  of 
pressure  between  a  pair  of  greased  surfoces: — 

Per  square  inch.  Per  square  inch. 

Ibii        Ibt.  lb*.  Iba. 

For  journals,  450  to  150  drcumferentially,  or  675  to  225  axially 
For  flat  pivots,   2240 

whilst  Sir  Wm.  Fairbaim  limited  the  pressure  on  pivots  to  240  lbs.  per 

square  inch. 

The  length  of  the  journals  of  shafts  is  ordinarily  1 3^  times  the  diameter. 
With  this  propordott,  the  gross  weight  on  the  journals  of  shaftings,  as 
tabulated  in  table  Na  267,  varies  from  20  lbs.  per  square  inch  aidauy,  for 
i-inch  shafdng,  to  about  40  lbs.  for  2-inch  shafting,  and  134  lbs.  per 

square  inch  for  a  20-inch  shaft. 

Journals  of  Railway  Axles. — The  journals  of  the  axles  of  railway  carriages 
and  waggons  are  usually  made  with  a  length  ecjual  to  more  than  twice  the 
diameter.  A  common  size  is  3^  inches  diameter  by  8  inches  or  9  inches 
long.  With  a  brass  bearing  having  a  width  of  2^  inches  measured  on  the 
ch<»d,  the  horizontal  area  of  beanng-surface  is,  for  a  length  of  8  inches 
(8  X  2>^  20  square  inches;  and  a  load  of  6000  lbs.  on  each  journal  is 
equivalent  to  a  pressure  of  500  lbs.  per  square  inch  of  horizontal  area  of 
bearing  surface :  a  satisfactory  proportion. 

Again,  the  proportion  of  the  load  to  the  horizontal  area  of  the  journal 
itself,  say  (8x31^  =  )  28  Sijuare  inches,  or,  for  a  smaller  diameter,  say, 
(8  X  31^  =  )  26  square  inches,  averages,  say,  224  lbs.,  or  2  cwts.  per  square 
inch  of  horizontal  section,  or  10  square  inches  per  ton  of  load.  This  is  an 
ordinary  working  proportion,  both  for  carrying  and  for  locomodve  stock.' 

*  Steam- Engine  avd  other  Priiue  Mcn  ers,  page  1 6. 

'  See,  on  this  subject,  papers  On  the  Construction  of  Railway  Waggons,"  by  Mr.  W. 
R.  Browne,  and  on  **IUtiway  I^olling  Stock  Capacity,"  hv  Mr.  WTA.  Adams,  in  the 
ProctedU^s  oftki  ItutUutiem  of  Cwil  Enguuers^  vol  xlviu,  1875-76,  pag^  81,  100. 
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NORMAL  STANDARDS. 

The  ri'aporative  efficiency,  or  the  efficiency,  of  a  steam-boiler  is  measured  by 
the  proportional  quantity  of  the  whole  heat  of  combustion  of  a  given  fuel, 
absorbed  into  the  boiler  and  applied  to  the  conversion  of  water  into  steam. 
Efficiency  is  also  expressed  by  the  weight  of  water  evaporated  by  one  pound 
of  the  fuel,  in  the  sense  of  die  French  word  rmdemmt — ^yidd;  and,  for  the 
purpose  of  directly  comparing  performances  effected  at  various  pressures 
and  temperatures,  it  is  customary  to  reduce  them  to  a  normal  standard  of 
efficiency,  expressed  by  the  equivalent  weight  of  water  which  would  be  con- 
verted into  steam  if  it  were  supplied  to  the  boiler  at  212°  F.  and  evaporated 
at  212'',  and  of  course  under  one  atmosphere  of  pressure : — briefly,  evaporated 
from  and  at  212°  F. 

Tlie  standard  temperature  of  the  water  as  supplied  to  the  boiler,  is 
scMuetimes  taken  at  62"  F.,  the  average  natural  temperature  of  cold  water; 
or  at  100^  F.,  which  is  about  the  temperature  of  the  condensing  water  of 
steam-engines. 

The  uniform  standard,  of  water  evaporated  from  and  at  212%  is  adopted 

in  the  following  discussions. 

Evaporative  rapidity,  or  reaporative  pcnver,  is  expressed  by  the  quantity  of 
water  evaporated  per  hour  by  a  steam-boiler.  It  may  be  the  total  cjuantity 
of  water,  or  it  may  be  the  cjuantity  of  water  per  square  foot  of  grate-area, 
or  per  square  foot  or  per  square  yard  of  heating  surface. 

Evaporative  perfonmum  comprises  both  tSe  elements,  efficiency  and 
rapidity;  though  it  is  also  used  to  express  simply  the  evaporative  efficiency 
of  the  boiler,  or  of  the  fuel 

Let  7£'  =  the  weight  of  water  evaporated  per  pound  of  a  fuel,  from  water 
supplied  at  the  temperature  into  steam  of  the  total  heat  H,  mcnsiired  from 
32'^  F.  I^t  «'  ,/',  and  H',  be  any  other  corresponding  values  for  the  same 
ex|>enditure  of  heat.  Then,  the  total  heat  expended  in  evaporating  i  lb. 
of  water  is  H  +  32  -  /,  or  H '  +  32  -  and 

ar'  =  «r^  +  3a^   (i) 

H'  +  32-/'  ^  ' 

\jsx  W  be  the  total  heat  of  steam  generated  at  212*  F.,  or  1 146  units,  and 
212*  F.;  and,  by  substitution  in  formula  (i),  and  reduction, 

H  +  32-/ 
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in  wbich     is  the  eqmvaloit  wiei§^  of  nafeer  as  evaporated  from  aad  at 
F. 

Rule. — To find  t he  egmvaUnt weight  of  water  evaporated from  and  at  212^  F,, 
wAm  m  given  we^U  of  water  is  supplied  at  a  given  temperaturey  and  ev  aporated 

a/  a  oiveri  pressure.  Find,  in  table  No.  128,  page  387,  the  total  heat  of  the 
steam  generated  at  the  given  absolute  pressure;  add  32  to  it,  and  from  the 
sum  subtract  the  temperature  of  tlie  feed-water;  and  divide  the  remainder 
by  966.  Multiply  the  given  weight  of  water  by  the  quotient  The  product 
is  the  equivalent  weight  of  water  evaporated  from  and  at  212**  F. 
When  the  water  is  to  be  taken  as  evaporated  at  212%  but  supplied 

at    =  100°  F.,  vse  the  divisor  1078,  in  fbrmula  (2) 
at/'=  62"  F.,        „  1 1 16,  „ 


Heating  Power  of  Fuels. 

Tbe  heating  powers  of  fuels»  treated  in  detail,  in  pages  409  to  458, 
hece  collected  for  ready  lefesenoe,  in  table  No.  269. 


Table  Ko.  269. — Heating  Power  or  Fuels. 


No. 


2 

3 
4 

5 

6 

7 
8 

9 
10 

II 

12 

13 
14 

15 
16 

17 
18 

19 


FU£L. 


WarUcVs  Fnd  

anhs.  Uk. 

Cbal: — Ebbw  Vale,  1848  16,221  16.79 

Poweirs  Duffryn,  1848  ...15,715  16.25 

Uangennech,  1848-71.. ..14,765  15.28 

AvernfTC  fbest  Welsh)  15,567  l6.II 
Hasweli  Wallsend  (Newcastle)  ......... 

British  coals,  avcrage...w»».».. 

Coke  *.  

Lignite,  perfect.  ^  

Asphalte  

Wood,  perfectly  dry  

Do.  25  per  cent,  moisture  

Wood-charcoal,  dry  

Peat,  perfectly  dry  ,  ; 

Do.  25  per  cent,  moisture  

Peat-charcoal,  85  per  cent  carbon,  dry  

Tan,  perfecdy  dry,  15  per  cent,  of  ash  

Do.  30  per  cent,  moisture  

Straw.  15X  per  cent,  moisture  

Petroleum  

Petroleum  oils...«  

Coal-gas  (mean  of  Ross  and  Harcouit)  


Hcttng  Fofw«r  of  a  Fioond 


Units  of 


15,567 
15,502 

14,133 

13,550 

11,678 
16,655 

7,792 

5,565 
12,696 

9.95 « 
7,156 

12,325 

6,100 

4,284 

5,231 
20,240 

27,531 
34,39* 


Water  tva- 
porated  per 
Pound  of  Fuel, 
from  and  at 
•n*  F. 


16. 1 1 
16.04 
14.63 

x^joa 

12.10 

17.24 
8.07 
5.80 

1313 
10.30 

7.41 
12.76 
6.51 

4-  44 

5-  44 
20.33 

35.50 
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EVAPOR.\TIVE  PERFORMANCE  OF  STATIONARY  AND 
MARINE  STEAM-BOILERS,  WITH  COAL. 

The  chemical  history  of  the  combustion  of  coal  in  furnaces  has  been 
briefly  outlined,  page  426.  Regarded  mechanically,  there  are  three  modes 
of  supplying  coal  to  oidmary  furnaces  by  hand-firing,  namely,— first,  spread- 
ing-firing,  in  which  the  chaige  of  coal  is  scattered  evenly  over  the  whole 
surface  of  the  grate;  second,  alternate  firing,  in  which  the  coal  is  laid  evenly 
along  half  the  width  of  the  grate  at  a  time,  each  side  alternately;  third, 
coking-firing,  in  which  the  coal  is  thrown  on  to  the  dead-plate  in  front  of  the 
bars  and  left  there  for  a  time,  in  order  that  the  mass  may  become  coked, 
after  which  the  mass  is  pushed  towards  the  bridge,  and  another  charge  is 
thrown  on  to  the  front  of  the  fire  in  its  place. 

The  proportion  of  surplus  air,  the  presence  of  which  is  required  for  the 
combustion  of  coal,  in  ordinafy  fiimaces,  in  excess  of  the  <}uantit]r  which  is 
chemicaklly  consumed,  is  diminished  as  the  rate  of  combustion  is  mcieased; 
and  the  diminution  of  the  excess  is  one  of  the  reasons  why  fhe  temperature 
in  the  furnace  rises  as  the  rapidity  of  combustion  is  increased.  The  follow- 
ing are  the  results  of  observations  on  the  proportion  of  surplus  air  admitted 
into  the  furnace,  in  parts  of  the  air  that  was  chemically  consumed: — 

Ratp  ok  Compustion.  SvWLOS  AiK. 
Coalper  Square  Foot  of 
(kite  per  How. 

R.  Hunt,  Cornish  Boilers,...  a  to  4  lbs.    100  percent 

Professor  Johnson,  America,      7       „    100  „ 

Delab^che  and  Playfair,  10  to  16  „    25  to  50  „ 

J.  A.  Longridge,  Newcastle  f  20  lbs.  and  ) 

trials,  (     upwards.  J  ^ 

The  evidence  is  not  sufficient  to  settle  the  question;  and  it  is  doubtful 
whether  Mr.  Longridge's  deduction  is  applicable  to  boilers  in  general.  It 

is  ver>'  probable  that  surplus  air  only  ceases  to  be  present  when  the  rates 
of  combustion  are  very  much  higher  than  20  lbs.  per  square  foot. 

With  very  slow  and  uniform  rates  of  combustion,  all,  or  nearly  all  the 
air  required,  may  be  drawn  through  the  grate.  If  the  combustion  be 
rapid,  a  considerable  proportion  of  the  air  must  be  introduced  directly  above 
the  fiiel,  to  consume  the  gases.  It  was  seen,  page  428,  that,  aUowing  a 
total  of  140  cubic  feet  of  air,  chemically  consumed  for  the  combustion  of 
one  pound  of  coal  of  average  composition,  36  per  cent,  is  consumed  by  the 
volatilized  portions,  and  64  per  cent  by  the  fixed  jiortion,  or  coke.  Mr. 
Longridge  mentions  an  instance  in  which,  with  ordinary  stokinc:  and  a 
closed  doorway,  dense  smoke  was  given  ofl",  the  quantity  of  air  that  passed 
through  the  furnace,  exclusively  through  the  grate,  only  amounted  to  100 
cubic  feet  per  pound  of  coal.  This  quantity  was  little  more  than  equal  to 
what  was  sufficient  to  bum  the  fixed  portion  of  the  coal.  The  smoke  was 
prevented  when  an  additional  supply  of  air  was  admitted  fix>m  the  doorway, 
above  the  fiiel. 

Experiments  on  the  Evaporative  Power  of  Coals,  conducted  by 
Messrs.  Delab^:che  and  Playfair,  1847-50. 

Referring  to  the  averaged  results  of  performanc  e  of  these  coals,  page  414, 
it  is  well  understood  that  they  were  not  burned  under  the  conditions  most 
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favourable  for  each  variety  of  coal.  Yet  they  throw  light  on  the  conditions 
of  composition,  which  appear  to  control  the  heat-producing  power  of  coals, 
and  probably  of  wood  and  other  fuels  too.  Neither  the  variations  of  ilie 
quantity  of  constituent  hydrogen,  nor  those  of  the  carbon,  are  commen- 
suiate  with  the  wide  range  of  peifonnance;  but  it  is  evident  that  the 
evapovative  peilbnDaiice  decreases  regularly  as  the  oxygen  increases,  thus, — 

Water  Evaporated  per 
pound  of  Coal 
mMn  and  at  aia*. 


Lancashire  coals». 


lbs. 

415 

...  9.05 

>» 

5.69  „ 

...  8.37 

j> 

9-53  ,1 

...  7.94 

>» 

...  7.70 

>* 

...  75* 

»> 

Taking  averages,  it  is  seen  that  the  evaporative  efficiency  of  coal  varies 

directly  with  the  quantity  of  constituent  carbon,  and  inversely  with  the 
(}uantity  of  constituent  oxygen;  and  that  it  varies,  not  so  much  because 
there  is  more  or  less  carbon,  as,  chiefly,  because  there  is  less  or  more 
oxygen.  The  percentages  of  constituent  hydrogen,  nitrogen,  sulphur,  and 
ash,  taking  averages,  are  nearly  constant,  though  there  are  individual  excep- 
tions, and  their  united  effect,  as  a  whole,  appears  to  be  nearly  constant  also. 


Evaporative  Performanck  of  Lancashire  Stationary  Boilers, 

AT  WiGAN,  1866-68.^ 

The  coal  selected  for  trial  was  Hindley  Yard  coal,  from  Trafford  Pit, 
which  ranks  with  the  best  coals  of  the  district.  Three  stationary  boilers  were 
selected  ;  ist,  an  ordinary  double-flue  Lancashire  boiler,  7  feet  in  diameter, 
and  28  feet  long;  the  flue-tubes  were  2  feel  7^  inches  in  diameter  inside, 
of  irf-inch  plate.  2d,  Another  Lancashire  boiler  of  the  same  dimensions, 
in  which  the  tubes  were  of  sy  j^-inch  steel  plate.  3d,  A  Galloway  or  water- 
tube  boiler,  26  feet  long,  and  6  feet  6  inches  in  diameter;  with  two  furnace- 
tubes  2  feet  7^  inches  in  diameter,  opening  into  an  o^  flue  5  feet  wide 
by  2  feet  6^  inches  high,  containing  24  vertical  conical  w  ater  tubes.  Tlie 
first  and  second  boilers  were  new  and  specially  constructed  for  the  trials; 
the  third  boiler  was  a  second-hand  one.  These  three  boilers  were  set  side 
by  side,  on  side  walls  and  with  two  dampers.  The  flame  passed  through 
the  flue-tubes,  back  under  the  boiler,  then  along  the  sides  to  the  chimney. 
The  chimney  was  105  feet  high,  above  the  floor;  octagonal,  6  feet  10  inches 
wide  at  the  base,  and  5  feet  wide  at  the  top,  where  the  sectional  area  was 
21  square  feet 

Total  grate-area  in  each  boiler: — 6  feet  long;  31.5  square  feet 
»t  »i  4      »»        21.0  „ 

'  The  Author  is  indebted  for  the  particulars  of  these  trials  to  "The  South  Lancashire  and 
Cheshire  Coal  Association's  "  Report  on  the  Boiler  and  Smoke- Prn<eution  Trials^  conducted 
at  Wigan^  1869.  The  experiments  were  conducted,  and  the  report,  exceUendy  nmoned, 
was  written  bjr  Mr.  Lavington  E.  Fletcher. 
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LANCAaMiu.  Galloway. 

Heating  suiiace,  in  flue-tubes»  464.34  square  feet  43 1 . 1 3  square  feet 

In  external  flues... 303.08       »         288.24  „ 

Total  surface,... 76 7.42       „         7^9*31^  n 

Ratio  of  gmte^rea.  6  feet  long,  to  I  ^^^^^ 

heating  surface,  J  ^  ^ 

Ratio  of  graic-.rc:>,  4r.ettoag.t0l  ,^ 

heating  surface   )        o   ^    n  ^-r^  >» 

Circuit,  or  lengtli  of  heating  sur-  j 

face,  traversed  by  the  draught  /  80  feet  74  feet 

torn  the  centre  of  the  grate,  j 
Total  distance  from  centre  of  grate  )  ^  ^  ^ 

to  base  of  chimney,   /     '    "  " 

Height  of  chimney  above  level  of  1 

floor   j 

Height  of  chimney  above  level  of  i  06  feet  0  inches, 

grates,  /  y  y 

A  Green*s  fuel-economizer  was  placed  in  the  main  flue;  it  had  12  rows 
of  4^-inch  cast-iron  pipes,  8  feet  9  inches  kmg,  placed  veiticalty^--84  tubes 
in  all — ^having  a  collective  heating  sui&ce  of  850  square  feet,  exclusive  of  the 
cCBinecting  pipes  at  top  and  bottom.  The  feed-water  was  passed  through 
the  economizer  on  its  way  to  the  boiler,  and  absorbed  a  portion  of  the 
waste  heat. 

The  fire-grates  were  tried  at  2  lengths,  6  feet  and  4  feet.  The  shorter 
grate  gave  the  more  economical  result,  but  it  generated  steam  less  rapidly. 
Three  modes  of  firing  were  tried ; — spreading,  coking,  and  alternate  firing. 
With  round  coal,  on  the  whole,  the  greatest  duty  was  obtained  by  coking 
firing,  with  the  least  smoke.  With  slack,  alternate-aide  firing  had  the 
advantage. 

Fires  of  different  thicknesses  were  tried :  6  inches,  9  inches,  and  12  inches. 
It  was  found  that  9  inches  was  better  than  6  inches,  and  12  inches  better 
than  9  inches.  Air  admitted  at  the  bridge  gave  a  slightly  better  result 
than  by  the  door;  and  the  admission  of  air  in  small  (quantity  on  the  coking 
system,  prevented  smoke.  The  doors  were  double,  slotted  on  the  outside, 
and  pierced  with  holes  on  the  inner  side;  The  maximum  area  of  opening 
was  3 1  }4  square  inches  for  each  door,  being  at  the  rate  of  2  square  inches 
per  square  foot  for  the  6-feet  grates,  and  3  square  inches  fior  the  4-feet 
grates.    Tlie  amount  of  opening  was  regulated  by  a  slide. 

The  standard  fire  adopted  for  trial  was  1 2  inches  thick,  of  round  coal, 
treated  on  the  coking  system,  with  a  little  air  admitted  above  the  grate,  for 
a  minute  or  so  after  charging. 

'I'he  water  was  evaporated  under  atmospheric  pressure. 

The  quantity  of  refuse  from  the  Hindley  Yard  coal,  averaged  in  the  trials 
with  the  marine  boiler,  to  be  aftorwards  described,  2.8  per  cent  of  dinken 
2.8  per  cent  of  ash,  and  .8  per  cent  of  soot;  in  all,  6.4  per  cent  Making 
allowance  for  the  difference  of  soot,  the  total  refuse  may  be  taken,  in  the 
trials  of  the  stationary'  boilers,  at  6  per  cent 

General  Di'ductiotis.~-^\\^  ad\antage  of  the  4-feet  grate  over  the  6-feet 
grate,  was  manifested  by  comparative  trials  with  round  coal  1 2  inches  thick, 
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and  slack  9  inches  thick.    With  the  4-feet  grate,  the  evaporative  efficiency, 

taking  averages,  was  9  per  cent  greater  tlian  with  the  6-feet  trrate;  though  the 
rapidity  of  evaporation  was  15  per  cent,  less,  at  the  same  tune  that  ig}^  per 
cent,  more  i  oal  was  burned  per  square  foot  per  hour. 

When  equal  quantities  of  coal  were  burned  per  hour,  die  fires  being 
12  inches  thick,  8  per  cent  more  efficiency  and  12  per  cent  greater 
npidity  of  evaporation  were  obtained  fix>m  the  diorter  grate.   Thus: — 

Coking  Firing. 

Length  of  grate,  6  feet  4  feet 

State  of  damper,  two-thirds  dosed,  fully  open. 

Cool  per  hoar,  4.0  cwts.  4.14  cwts. 

Coal  per  square  foot  of  grate  per  hour,       14  lbs.  23  lbs. 

Water  at  100°  evaporated  per  hour,  «  65  cubic  feet  72.6cubicfeet 

Water  at  212"  per  pound  of  coal,   10.10  lbs.  10.91  lbs. 

Smoke  per  hour: — 

Very  light,   4.3  minutes.        4.1  minutes. 

Brown,   0.4       „  0.3  „ 

Black,  0.0      „  0.0 

To  compare  the  performances  with  coking  and  spreading  firing,  having 
f  2-inch  fires  for  round  roal,  and  9-inch  fires  with  slack: — Whilst,  with  round 
roal,  the  rapidity  of  evaporation  was  the  same  with  both  modes  of  firing, 
the  efficiency  was  from  3  to  4  per  cent,  greater  with  coking.  With  slack, 
on  the  contrary,  the  spreading  fire  evaporated  a  fourth  more  water  per 
hour  than  the  coking  fire,  though  with       per  cent  less  efficiency. 

With  thicknesses  of  coking  fire,  6  inches,  9  inches,  and  12  inches,  for 
round  coal;  and  6  inches  and  9  inches  for  slack;  the  results  were  in  all 
respects  decidedly  in  favour  of  the  thi(  ker  fires  rather  than  the  thinner  fires. 
Comparing  the  thinnest  and  the  thickest  fires,  from  5  ^  to  20  per  cent 
more  water  was  evaporated  per  hour  by  the  thickest  fires,  and  from  11  to 
18  i^er  cent,  more  per  pound  of  fuel. 

The  efi'ect  of  the  admission  of  air  above  the  grate,  continuously  or 
intermittendy,  for  the  prevention  of  smoke,  as  compared  with  that  of  its 
non-admission,  was  ascertained  with  round  coal,  and  with  slack.  The 
averaged  results  showed  that  by  admitting  the  air  above,  the  evaporative 
efficiency  was  increased  7  per  cent ;  but  that  the  rapidity  of  evaporation 
was  diminished  33^  per  cent. 

Comparing  the  admission  of  air  above  the  fuel  at  tlie  door,  and  at  the 
bridge  through  a  perforated  cast-iron  j)late;  it  was  found  that  the  admission 
at  the  bridge  made  a  better  performance,  by  about  2}4  per  cent,  than  at 
the  door. 

To  try  the  effect  of  increasing  the  supply  of  air  above  the  fuel,  the  doo^ 
fiame  was  perforated  to  give  an  additional  square  inch  of  air-way  per  foot 
of  grate,  nmking  up  3  square  inches;  an  allowance  of  i  square  inch  was 
also  provided  at  the  bridge.     Round  coal  was  burned  on  the  coking 

system,  12  inches  thick,  on  6  feet  grates,  with  a  constant  admission  of  air 
above  the  fuel.  When  the  supply  by  the  door  was  increased  from  2  inches 
to  3  inches  per  square  foot  of  grate,  the  evaporative  efticiency  fell  oft 
8*4  per  cent,  and  the  rapidity  3  per  cent  When  an  extra  inch  was 
supplied  at  the  bridge,  making  up  4  square  inches  per  foot  of  grate,  the 
evaporative  efficiency  only  fell  off  0.65  per  cent,  and  the  rapidity 
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cent  The  effect  of  this  evidence  is,  that  the  bridge  is  the  better  place  for 
the  admission  of  air,  and  that  if  the  air  be  admitted  b^  the  bridge  alone,  the 
area  of  supply  may  be  beneficially  raised  to  4  square  indies  per  square  foot 

of  grate. 

Comparing  the  effect  of  the  admission  of  air  in  a  body,  undivided,  with 
tliat  of  its  admission  in  streams,  on  a  6-feet  grate,  with  coking  fires 
12  inches  thick  of  round  coal;  there  was  6}^  per  cent,  of  loss  of 
etiicicncy  by  the  admission  in  a  body,  though  the  smoke  was  equally 
well  pievented. 

Mr.  Fletcher  concludes  that  the  greatest  rapidity  of  evaporation  was 
obtained,  when  the  passages  for  the  admission  of  air  above  the  fuel  were 
omstantly  closed;  that  the  next  degree  of  rapidity  was  obtained  when  they 
were  open  only  for  a  short  time  after  charging,  and  the  lowest  when  they 
were  kept  open  continuously.  He  also  concludes  that,  whilst,  in  realizing 
the  highest  power  of  a  free-burning  and  gaseous  coal,  smoke  is  prevented; 
yet,  in  realizing  the  liighcst  power  of  the  boiler,  smoke  is  made. 

In  burning  slack,  smoke  was  prevented  as  successfully  as  in  burning  round 
coal,  though  its  evaporative  efficiency  was  firom  i  to  i  }^  lbs.  of  water  per 
pound  of  fiiel,  less  than  with  round  coaL 

To  work  out  the  problem  of  firing  alack  without  smoke,  and  without  loss 
of  ra[)idity  of  evaporation ;  trials  were  made  at  the  boilers  of  16  mills,  when 
the  slack  was  fired  on  the  alternate-side  system.  No  alterations  were 
made  in  the  furnaces  in  preparation  for  these  trials;  in  many  instances,  the 
fire-doors  had  no  air-i)assages  tlirough  them.  The  grates  were  from  3  feet 
7  inches  to  7  feet  long;  they  averaged  6  feet  in  length. 


Number  of  boilers  fired,  65  boilers. 

Slack  burned  per  boiler  per  week  of  60  hours,  17.35 

Slack  per  square  foot  of  grate  per  hour,  i9->5  ^hs. 

Smoke  per  hour: — 

Very  light,  11.5  minutes. 

Brown,   2.3  „ 

Black,   0.3  „ 


14. 1  „ 

In  12  instances,  no  black  smoke  whatever  was  made.  It  is  said  that  the 
steam  was  as  well  kept  up,  and  the  speed  of  the  engines  as  well  maintained, 
as  before  the  trials  were  made. 

Comparative  Performance  of  the  Stationary  Boilers  at  Wigan. 

There  were  made  altogether  about  two  hundred  and  ninety  trials  with 
the  three  boilers,  of  which  six^  nay  be  regarded  as  comparative  trials 
of  the  boilers.   The  results  of  these  sixty  triae  are  embodied  in  the  table 

No.  270,  page  776.  The  second  part  gives  the  best  results  that  had  been 
obtained  from  each  boiler,  supplied  with  round  coal,  on  the  coking  system; 

and  with  air  admitted  through  the  doors  for  a  few  minutes  after  charging. 
Suffice  it,  meantime,  to  remark  that  the  performance  of  the  doublc-flue  l)oilers 
amounted  practically  to  the  same  as  that  of  the  water-tube  boiler.    1  hus. 
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the  means  of  the  double-floe  boilen  compare  as  follows  with  the  results  of 
the  corneal  water-tube  boiler: — 

AVERAOBS  OF  SlXTY  TlUALS,  WITHOUT  EOONOMIZBR — 

Waltr  at  ux>'  consumad  Water  at  21a* 

per  hour.  per  lb.  of  coal. 

Double-flue  boilers,   79  65  cubic  feet    10.31  lbs. 

Conical  water-tube  boiler,  7^.95      „    io-34  it 

BiST  Results  obtaimbd: — ^without  Eoonomizbr — 

Double-flue  boilers,  81.93      „    10.86 

Conical  water-tube  boiler^  79.17      „    10.58 

With  Economizer — 

Double-flue  boilers,   90.72       „    11.56 

Conical  water-tube  boiler,  ^6.31      „    11.82 


99 


it 
ff 


In  doing  the  same  work,  it  is  to  be  noted  that  the  water-tube  boiler  was 

3  feet  shorter,  and  6  inches  less  in  diameter,  than  the  double-flue;  and  that 
it  bad  48  square  feet,  or  6  per  cent,  less  area  of  heating  surfieice. 

A  trial  was  made  with  the  object  of  testing  the  comparative  merits  of  the 
plain  double^lue  and  the  water-tube  flue,  by  shutting  off  the  draught  from  the 
external  flues,  and  leading  it  dirert  from  the  internal  flues  to  the  chimney, 
with  the  following  results  (grates  6  feet  long,  coking  firing,  12  inches 
thick):— 

Without  EcONOM IZER—  Water  at  too-  consumed  Water  at  aia* 

porhour.  parlbkOfcoBL 

Iron  double^ues,  ds.97  cubic  feet    8.33  lbs. 

Water-tid>e  flue,.  80.00      „    8.50  „ 

With  Economizer — 

Iron  double-flues,   98.85       „    10.08  „ 

Water-tube  flue^  89.08      „    10.16  „ 

Sho^^^ng  that  the  double  flues,  having  33  square  feet,  or  nearly  8  per  cent 
more  heating  surface  than  the  water-tube  flue,  evaporated  mure  water  per 
hour,  but  wi3i  rather  less  effidenqr  than  the  water-tube  flue. 

The  evapomtive  power  of  the  boilers  was  rather  increased  than  diminished 
by  the  dosmg  of  the  external  flues,  though  there  was  a  sacrifice  of  evaporative 
efficiency. 

Water-tuht's. — Four  water-tubes  were  inserted  in  each  flue  of  the  iron-flue 
boiler,  5^  inches  in  diameter  inside,  and  2  feet  7^4  inches  long,  making  an 
addition  of  30  square  feet,  or  6)2  per  cent.,  to  the  flue  heating  surface,  or 

4  per  cent,  of  the  total  heating  surface.  The  result  of  the  insertion  showed 
equal  rapidity  of  evaporation,  and  a  gain  of  3  per  cent  in  efliciency ;  as 
follows: — 

Water  at  zoo*  Water  at  ata'  F. 

consumed  per  hour.  per  pound  ofcoaL 

Without  water-tubes,   9i-i5  cubic  feet    io-43  't)s. 

With  water-tubes,   91.12       „    10.77  „ 
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Green's  Fuel-Ewnomiur, — From  the  average  results  of  various  oompaiap 
tive  trials,  burning  round  coal  and  slack,  and  with  coking  firing,  on  6-feet 
and  4-feet  grates,  it  appeared  that,  burning  equal  quantities  of  coal  per  hour, 
the  rapidity  of  evaporation  was  increased  9.3  per  cent.,  and  the  efficiency 
10  per  cent.,  by  the  addition  of  the  economizer. 

Temperature  of  tlie  Products  of  Combustion^  and  of  the  Feed-water^  when 
the  water  is  passed  through  the  EeowmiMO^.   Average  results : — 

With  6-fe€t  Grate.  With  4-feel  Grate. 

Before.         After.  Before.  After. 


Temperature  of  gases  in  tiie  flues  before  I  ,   o  . 

and  after  traversing  the  economiser,  / 
Temperature  of  die  feed-water,   47      157  41  137 


501*  312* 


\Vhence  it  follows  that,  to  raise  the  temperature  of  the  feed-water  through 
100°  F.,  the  gases  were  cooled  down  through  an  average  of  250*"  F. 

Temperature  <f  the  Products  of  Combustion,  without  the  Economizer. — The 
variations  to  which  the  temperature  of  the  escaping  gases  is  subject,  are 
illustrated  in  the  annexed  statement,  showing  the  temperature  with  different 
thicknesses  of  fire,  burning  round  coal  with  coking  firing,  without  the 
economiser. 


RofND  Coal.  With  6-fect  Grate. 

Thickness  of  fires,  /.inches  12  9  6 

Coal  per  foot  of  grate  per  hour,... pounds  19  so  ao 

Water  at  lOo*  evaporated  per  hour,  cu.  feet  85.7  85.5  81.2 

Water  at  212*'  per  pound  of  coal,  pounds  10.12  9.70  9.16 

Temperature  in  chimney-fiue,   630°  556  539° 

Smoice  per  hour — 

Very  U^t,  minutes    3X>  ao  as 

Brown,  minutes    0.4  0.0  o.i 

Black,  minutes    ao  0.0  0.0 


WiUi  4-feet  Grata. 

1296 
23       24  24 
72.8    70.7  61.7 
10,90    9.95  9.21 

505^  451''  445'* 

2.8    04  ao 

0.1  0.0  0.0 
0.0    ao  ao 


It  is  shown  that  the  temperature  in  the  chimney  flue  is  lower  with  the  4-feet 
^ate,  than  with  the  6-feet  grate;  it  averages  107°  lower,  and  correspond- 
mgly,  the  evaporative  efficiency  averages  higher.  But,  with  the  same  grate, 
both  the  evaporative  efficiency  and  me  temperature  become  less  with  ^ 
diinner  fire,  due,  no  doubt,  as  Mr.  Fletcher  points  out,  to  the  passage  of  a 
greater  surplus  of  air  through  the  thinner  fire. 

Volume  of  Air  Supply  and  Products  of  Combustion. — The  volume  of  air 
entering  the  ash-pit  and  passing  through  the  grate,  when  the  doors  were 
closed,  was  found,  by  means  of  Biram's  anemometer,  to  be,  for  grates 
4  feet  long,  with  fires  9  inches  thick,  from  245  to  250  cubic  feet  per  pound 
of  coal  burned ;  the  average  velocity  of  entrance  into  the  ash-pit,  which  was 
8  feet  sc^uare,  having  beoi 'observed  to  be  9.3  feet  per  second.  As  the 
composition  of  the  coals  has  not  been  given,  it  may  only  be  assumed 
roughly,  that  the  coal  chemically  consumed  140  cubic  feet  of  air  for  the 
combustion  of  one  pound ;  and,  if  the  above-noted  quantities  of  air  supplied 
be  exact,  it  would  follow  that  a  surplus  of  air  amounting  to  from  75  to 
80  per  cent,  was  present.  This  is  questionable,  and  it  is  probable,  in  the 
scarcity  of  data,  that  the  observations  for  velocity  were  made  at  the  centre 
of  the  draught-way,  where  the  velocity  was  a  maximum,  and  that  no  correction 
was  made  for  the  inferior  velocities  at  other  parts  of  the  section. 
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Ftom  an  analysis  of  llie  products  of  combustUm  in  the  chimney,  it 
appeared  that  there  was  no  appreciable  quantity  of  carbonic  oxide  present 

Dials  utuUr  SUam  of  mon  than  mu  Aimosphtre  Pressun, — As  the 
experiments  at  Wigan  were  made  under  one  atmosphere  of  pressure,  a  few 
trials  were  made  under  an  effective  pressure  of  40  lbs.  per  square  inch,  with 
the  following  comparative  results: — 

At  atmospheric  At  40  lbs. 

pressure.  per  square  inch. 

Water  at  loo'  evaporated  per  hour,  cubic  feet,     83.6  80.4 
Water  at  s i a**  per  pound  of  coal,  pounds,  10. 76  9.53 


showing  a  reduction  of  i  ^  pounds  of  water  in  evaporative  efficiency,  at  the 
higher  pressure,  which  is  more  or  less  accounted  for,  first,  by  the  greater 
total  heat  of  steam  at  the  higher  pressure,  requirmg  more  fuel«heat  for  its 
formation ;  secondly,  by  the  higher  temperature  of  the  water  in  the  boiler 
at  the  higher  pressure,  which  would  to  some  extent  check  the  absorption  of 
the  last  portions  of  heat  from  the  gases  before  they  escaped  into  the  chimney- 
flue.    Still,  the  difference  is  excessive. 

Trials  with  D.  K.  Clark's  Steajti-induction  Apparatus  for  the  Prei'erition 
of  Smoke. — In  Clark's  smoke-prevenicr,  the  air  was  admitted  through  the 
door,  regulated  in  quantity  by  a  flap-valve,  and  deflected  upwards  upon  an 
air-plate  placed  across  the  furnace  above  the  dead-plate,  and  against  the 
iurnace-fiont  Steam  from  an  auxiliary  boiler  was  conducted  by  a  pipe 
above  the  air-plate,  and  was  discharged  in  four  jets  over  the  fire,  towards 
the  bridge.  In  passing  over  and  beyond  the  edge  of  the  air-plate,  the 
steam  induced  the  air  which  passed  forward  from  the  door  under  the  air- 
plate,  and  carried  it  onward  above  the  fire — thus  forcibly  mingling  it  with 
the  combustible  gases,  and  at  the  same  time  increasing  the  draught 

Tlie  trials  were  made  in  three  ways — ist,  with  the  jets  and  the  air-valves 
constantly  open;  2d,  with  the  jets  and  the  air-valves  open  for  a  minute  or 
so  only,  after  each  charge;  3d,  with  the  jets  constancy  open,  while  the  air- 
valves  were  closed.  It  was  found  that,  when  the  jets  were  constantly  open, 
the  quantity  of  steam  consumed  from  the  auxiliaiy  boiler  to  supply  them 
amounted  to  one-thirtieth  of  the  quantity  of  water  evaporated. 

The  following  are  the  comparative  results  of  performance  on  6-feet 
grates,  with  the  steam-inductor,  and  with  the  ordinary  fire-door  and  the  split 
bridge.  The  jets  and  air-valves  of  the  steam-inductor  were  open  for  a 
minute  or  so  only  after  each  charge;  and,  taking  the  interval  between  the 
cfaaiges  at  fifteen  minutes,  it  is  evident  that  the  quantity  of  steam  consumed 
by  the  nozzles  was  insignificant: — 

Without 

Economizer. 

Round  Coal,  6-feet  Grate  ;  Firing,  la  inches  thick  Coking. Spreading. 

Coal  pcrsq.  foot  of  ^rate  per  hour,  steam  inductor, pounds,  18.77  23.86 

w«»^,  of  .r^^  r.^^  ur.,.,  )  stcam-iuductor,  cubic  fcet,  87.70  101.80 

Water  at  100  per  hour,}    ^     '  8^^,  86.77 

Waterat  212°  DcrDOundcoal  {  ^^^^^  inductor,  pounds,  10.38  9.41 
water  at  212  P^r  pound  coai,  |  ^^.^^^^  ^^^^^^       ^      j^^^  9.76 

Smoke  per  hour,  ordinary  door — 

Very  light,  minutes^  3.1  $.3 

Brown,   „  0.8  4.9 

Black,   „  0.0  3.3 


With 
Economixer. 

Coking. 
18.20 

9»-77 

99.88 
11.1$ 
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Wtthout      ,  With 
Economizer,    i  Economizer. 


101.09 
71.58 
10.65 

0.0 
0.0 

0.0 


Cbal  persi|.  footof  grate  per  hour, steam-mduclor,  pounds,  1 8.7 
water.,  .oo-perhour,  |  S^J^ "^J.-.-^'^^^'^'  '^Ts 

Water  at  per  pound  coal,  |  ^rbiS^tl'"';:"^'  l& 
Smoke  per  hour,  ofdhMTf  door — 

\'ery  light,  minutes,  0.2 

Brown,   „  0.0 

Black,   „  ao 


It  is  shown  that,  with  round  coal  and  coking  firiog*  there  was  no  advantage 

by  the  steam-inductor,  exct'i^  in  reducing  the  smoke,  whilst  the  evaporation 
was  rather  less  ra})id  tlmn  with  the  ordinary  door;  but  that,  with  spreading 
tiring,  the  evaporation  was  more  rapid  by  17  percent.  With  slack,  the 
evaporatitjn  was  decidedly  superior,  both  ixx  rapidity  and  efiiuency,  with  the 
stcam-Lnductor. 

Trials  with  Self-feeding  Fire-graLs  ( Vieari  SysUMfy, — ^The  fiie-bars  are 
impressed  with  a  slow  reciprocating  movement,  the  effect  of  which  is  to 
cause  the  fuel  to  travel  gradually  and  steadily  from  the  front  to  the  bock. 

The  comparative  performances  of  Vicars'  grate  and  the  ordinary  grate^ 
are  shown  by  the  subjoined  results: — 

Round  Coal,  4-fieet  Gnie. 

Water  at  100  per  hour. }  XJS?"'  f^^^"- ^^^"^  ^^'^^ 
*^  (  cokmg  tinner.   75.92 

Waterat  212'*  per  pound  coal, }  ^■'^^''^'r'^'^^'-^^"""^  '^'^ 

Slack,  length  of  Grate,  4  feet. 

!\'icars'  ^rate,.... cubic  feet,  64.95 
coking  tiring,....       „  60.72 
spreading  „    ...       „  77.72 
i  Vicars' grate,  pounds,  9.82 
Water  at  212°  perpoundcoal,  <  coking  Hring,    „      9.58  . 

I  spreading  „       „       8.94  1 

It  is  seen  that,  with  slack.  Vicars'  grate  had  the  advantage  both  in  rigidity 
and  efficiency  of  evaporation  over  hand-firing  coking,  and  that  it  also 
evaporated  more  rapidly  with  round  coal,  but  less  efficiently ;  though,  if  the 
rapidity  had  been  the  same,  the  efficiency  would  probably  also  have  been 
the  same.  Compared  with  sj)reading  lirmg,  Viciirs'  gmte  was  superior  in 
evaporative  efficiency  as  well  as  in  the  prevention  of  smoke,  though  it  did 
not  evaporate  so  rapidly. 

In  burning  large  quantities  of  coal  continuously  on  Vicars'  grate,  the 
rapidity  of  evaporation  fell  off  in  the  longer  trials,  and  to  some  extent  also 
the  efficiency.  The  6-feet  grates  were  very  little  behind  the  44eet  grates  in 
efficiency. 

Comparative  Performance  in  CeUm  and  Windy  Weather. — A  high  wind 

invariably  increased  the  performance.  The  average  results  under  all  con- 
ditions showed  that  10  per  cent,  more  coal  and  12  per  cent,  more  water 
were  consumed,  and  that  the  evaporative  efficiency  was  increased  4.4  per 
cent 


With 

6  feet. 

Economizer. 

77-94 

78.97 

67.56 

71.58 

9.52 

ia56 

8.88 

923 
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Comparative  Pafornumee  whm  tkt  Nahtral  Drmigki  was  iaenasei  by  the 

aid  efan  Auxiliary  Fitmate, — An  auxiliary  furnace  was  put  in  action  at  the 
bottom  of  the  chimney,  so  as  to  increase  the  draught.  The  effect,  takiqg  the 
mean  of  a  number  of  trials,  was  to  raise  the  rapidity  of  evaporation  from  72.96 
to  84.09  cubic  feet  of  water  at  100°,  per  hour,  whilst  the  water  evaporated 
per  pound  of  fuel  was  raised  from  10.77  to  10.81  pounds.  U'he  mean 
efficiency,  thus  slightly  raised,  was  in  fat  t  an  average  of  two  opposite  effects ; 
for,  with  round  coal,  the  efficiency  was  reduced,  whilst  with  slack  it  was 
increased,  by  the  additional  draught 

Mr,  Fletcher's  Omdusims. — Mr.  Fletcher  draws  the  following  conclusions 
from  the  experiments  on  stationar)'  boilers  at  Wigan  : — ist.  That  the  coals  of 
the  South  Lancashire  and  Cheshire  district,  though  uf  a  bituminous  and 
free-burning  character,  can  be  economically  burned  in  the  ordinary  class  of 
mill-boiler,  without  smoke.  2d.  That  the  double-tlue  lancashire  boiler, 
whether  with  steel  or  iron  flues,  and  the  (ialloway,  or  water-tube  boiler,  are 
practically  equal  in  performance;  and  that  both  uf  them  develop,  when 
suitably  set  and  fired,  high  economic  tesults.  3d.  That  external  brickwork 
flues,  mough  adding  but  little  to  the  yield  of  steam,  save  fuel.  4th.  That 
tbe  addition  of  a  feed-water  heater  or  economizer  is  a  decided  advantage^ 
not  only  in  increasing  the  yield  of  steam,  but  also  in  diminishing  the  annual 
cost  of  boiler  repairs  and  coaL 

Evaporative  Performance  of  South  Lancashire  and  Cheshire 
Coals,  in  a  Marine  Boiler,  at  Wigan.  1866-68.^ 

The  marine-boiler  was  a  copy  of  tbe  test-boiler  at  Keyham  Dockyard. 
The  shell  was  rectangular.  5  feet  wide,  for  two  furnaces,  7  feet  8  inches 
long,  and  8  feet  10  inches  high.  The  furnaces  were  i  foot  85  s  inches  wide, 
2  feet  8-^^  inches  high  at  the  front,  rising  to  3  feet  high  at  the  back,  and 
6  feet  deep  from  front  to  back  or  tube  plate.  There  were  124  flue-tubes, 
inches  in  diameter  inside,  and  5  feet  long,  placed  at  a  ]^tch  of  3^ 
indies  from  centre  to  centre.  The  chimney  was  18  inches  in  diameter, 
and  52  feet  8  inches  high  above  the  boiler,  or  59  feet  8  inches  above  the 
level  of  the  grates.  The  proportions  of  furnaces  which  were  finally  adopted, 
after  many  preliminar}'  trials,  were  as  follows: — Dead-plate,  10  inches  long, 
16  inches  below  the  crown  of  the  furnace;  grates,  3  feet  long,  inclined 
^  inch  to  a  toot;  bars,  }^  inch  thick,  air-sj)a(es  34  inch;  bridge  built  up 
to  a  level  9  inches  below  the  crown,  and  inches  above  the  grate.  The 
fire-doors  were  fitted  with  a  sHding  grid  for  the  admission  of  air  into  a 
peifoiated  box  tnskle  the  door.  In  die  first  instance,  there  were  730  perfom- 
tions,  giving  an  area  of  33  square  inches,  or  3.2  inches  per  square  foot  of  grate. 
They  were  afterwards  reduced  to  342  in  number,  i6>^  square  inches  in 
area,  or  1.6  inch  per  foot  of  grate. 

During  the  preliminary  ex])eriments,  it  was  found  of  advantage  to  reduce 
the  length  of  grate  from  4  feet  to  3  feet,  to  adopt  a  blind  dead-plate  in 
preferen(  e  to  a  perforated  one,  and  to  slightly  lower  the  grate.  Fires 
of  6  inches,  9  inches,  12  inches,  and  14  inches  in  thickness  were  tried; 
tiie  greater  the  thickness  the  better  was  the  performance.  The  firing  was 
tried  on  the  spreading  and  on  the  coking  systems. 

'  The  author  is  itvlebted  for  the  particulaxs  of  these  trials  to  Mr.  Lavington  £.  Fldcber's 
Report.    See  note,  page  771. 
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Coking-fiiing  was  adopted  as  the  standard  method,  with  fiies  of  14  inches 
and  IS  inches  thickness.  The  (uniaces  were  charged  alternately,  and  the 
entrance  for  air  through  the  door  was  allowed  to  remain  open  for  a  few 

minutes  after  each  charge  was  delivered,  for  the  prevention  of  smoke.  For 
each  trial,  1000  lbs.  of  round  coal  was  consumed,  lasting  3  hours  27 
minutes  as  an  average;  average  rate  of  consumption,  290  lbs.  per  hour, 
or  28  lbs.  per  square  foot  of  grate  per  hour.  The  feed-water  was  supplied 
at  ordinary  temperatures.  The  steam  was  generated  under  one  atmosphere 
of  pressure,  and  escaped  direct  into  the  air. 

Total  grate-area,   10.3  square  feet 

Total  heating  surfoce: — 

Plate,  above  the  grate,....   95  square  feet 

Tubes,  outside  surface,...  413      „        508  „ 

Ratio  of  grate-area  to  heating  surface^  say  i  to  50. 

For  some  trials,  an  inverted  bridge  was  added  at  the  back  of  the  furnace, 
9  inches  clear  of  the  first  bridge*  By  thwarting  the  current,  it  was  instru- 
mental in  preventing  smoke,  and  in  slightly  increasing  the  evaporative 
efficiency,— -by  1.7  per  cent ;  though  at  a  loss  of  7^  per  cent  of  evaporative 
rapidity. 

The  14-inch  fire  excelled  the  9-inch  fire,  burning  coal  at  the  rate  of  27  lbs. 
per  square  foot,  by  7  ^2  per  cent,  for  rai)idity  and  etticicncy  of  evaporation. 

Comparing  the  coking  and  the  spreading  systems,  there  was  6  '  2  ]jer  cent, 
gain  by  the  coking  system  in  efficiency,  with  a  loss  of  10  per  cent,  in 
rapidity.  When  air  was  shut  off  at  the  doorway,  the  smoke-making  was 
accompanied  by  4  per  cent  loss  of  efficiency,  with  a  small  advance  of  1}^ 
per  cent  of  rapidity. 

When  the  tnals  were  prolonged,  to  bum  1500  lbs.  of  coal,  as  against  the 
standard  of  1000  lbs.,  the  rate  of  consumption  of  fuel  was  i  lb.  more  per 
square  foot  per  hour,  and  of  water  2^  per  cent  less;  the  average  efficiency 
was  reduced  5  per  cent. 

Table  No.  271  shows  the  general  results  arrived  at  by  Messrs.  Richardson 
and  Fletcher,  compiled  from  the  Report  of  Mr.  Fletcher.  The  vacuum 
in  the  chimney  [at  the  base,  probably]  was  observed  to  vary  from  |^  inch 
to  fully  7/16  inch  of  water;  and  in  the  flame-box  from  inch  to  fiilly 
5  ,6  inch.  The  fires  were  maintained  at  14  inches  thick,  and  the  coal  was 
stoked,  on  the  coking  plan,  in  charges  of  from  29  to  38  lbs.,  at  intenals 
of  from  1 1  to  1 7  minutes.  The  perforations  in  the  fire-doors  were  opened 
intermittently,  and  tlie  doors  were  opened  a  httle,  occasionally,  after  firing. 
Each  trial  lasted  for  from  3  to  4  liours.  The  quantity  of  ash  varied  from 
I  ^2  to  7  per  cent.,  and  of  clinker  from  0.6  to  3  per  cent. 

From  the  table,  it  appears  that  the  quantity  of  water  evaporated  varied 
from  44.13  to  51.63  cubic  feet  per  hour,  at  the  rate  of  from  10.3 7  to 
13.54  lbs.,  at  3i3%per  pound  of  coal,  averaging  11.54  lbs.;  and  that  the 
coal  was  burned  at  the  rate  of  from  35^  to  31  H  lbs.  per  square  foot 
of  grate  per  hour.  The  duration  of  the  smoke,  whit  h  was  very  light,  varied 
from  0.2  to  6  minutes  per  hour;  the  mean  duration  was  2.4  minutes  in 
the  hour. 

A  mixture  of  Hindley  Yard  coal  and  Welsh  coal-dust,  in  the  proportion 
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of  3  to  I,  was  tried,  and  die  results  are  given  in  the  tables  showing  an 
evaporation  of  11.83  ^  <^  water  per  pound  of  the  fdd,  and  at  the  rate  of 
41.38  cubic  feet  per  hour. 

Table  No.  271. — South  Lancashire  and  Cheshire  Coals — Results 
OF  Trials  in  a  Marine  Boiler  at  Wigan.  1866-68. 

(Compiled  firom  the  Report  of  Mr.  Lavington  E.  Fletcher  to  the  Anociatioii 
for  the  Prevention  of  Steam-Boiler  £xplosi<ms.) 


Total  area  of  fire-giatei,  ia3  sqnare  feel. 


COAU 

Coid  Con- 
sumed 

Dcr 
Hour. 

Coal  per 
Square 
Foot  of 

Grateper 
Hour. 

Water 
Con- 
sumed 
from  100° 
per  Hour. 

Water  per 
Square 
Foot  of 

Grate  per 
Hmir. 

Water 

Evapor- 
ated from 
2 1  a'  per 
Pound  of 
CmL 

Smoke 
per 
Hoar. 

FiisT  SniBS  OP  Trlua 

HinHVv  Van) 

Worsley  Top  Four  Feet  

Bickerstaffe  Four  Feet...   

Rushy  Park  and  Little  Delf,  mixed 

cwt. 

2. 32 

2.88 
2.64 

1  2.4-^ 
1  2.48 
2.44 

2.73 
2  31 
2.d4 

2.I0 
2.63 
2.26 

Vba. 

25.24 

31.36 
28.74 
26.41 

27.00 
26.50 
29.71 
25.14 
30- 87 
2S.53 

M.93 

27.67 

30.29 
28.64 
24.46 

cub.  feet. 

40.  17 
48.50 

48.13 
48.60 

46.26 

44-  35 
51-34 

45-  37 
51-6^ 

47-38 
44-49 
45.28 

50.67 
46.52 
44.1a 

cubi  feet. 

4.40 

3-  04 
4.67 

4.73 

4.49 
4.3» 

4-  98 
4-40 
5.01 
4.60 

4.33 

4.40 

4.92 

4  5i 
4.28 

Iba. 

12.39 

10.37 
II. 31 
12.4.? 
1 1.60 

"34 
II. 71 
12.18 
II. 31 
12.54 
10. 40 
11.08 
11.29 
10.99 
12.18 

adimtM. 
very  light 

4.0 

!  ti 

3-3 
2.0 

'  5.9 
,  2.4 
1  2.9 

'  0.5 
1.4 

0.0 

n 

0.4 

Average  results  of  15  samples  ) 

2-55 

 1 

27.63 

4-59 

II.S4 

3.4 

Mixture  of  2  Hindley  V'ardcoal  | 

2.21 

34.00 

41.38 

4.O8 

11.83 

0.0 

«  1 

2 

3 

4 

5 

6 

1 

7 

Note. — The  quantities  in  column  6  have  been  recalculated. — D.  K.  C. 


The  efiect  of  reducing  the  flue^suriace  was  tried  by  plugging  up  one-half 
of  the  number  of  flue-tubes,  in  alternate  diagonal  rows,  so  that  the  tube- 
surface  was  reduced  by  306.5  square  feet  The  comparative  results  obtained 
with  1 3-inch  fires  were  as  follows: — 

Flue-tubM  Half  th«  Tubes 
all  open.      phifged  up. 

Coal  per  square  foot  of  grate  per  hour,   lbs.,  25  34 

Water  at  loo*  evaporated  per  hour,  cubic  feet,  45.78  43.01 

Water  per  pound  of  coal,  as  supplied  at  212%      lbs.,  12.41  12.33 

Smoke  per  hour— veiy  light,  minutes,  3.8  8.0 

Showing  that  with  half  the  tubes,  the  performance  was  nearly  as  good  as 
with  them  all  open. 
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Messrs.  Niooill  &  Lynn,  for  the  Board  of  Admiralty,  made  two  inde- 
pendent series  of  trials  of  the  South  Lancashire  and  Cheshire  coals;  in  the 
second  of  which  the  draught  was  increased  by  a  steam-jet  from  a  neighbouring 
boiler.  The  average  results  of  these  trials  are  placed  beside  those  of  Mr. 
Fletcher's  trials  in  the  annexed  table,  No.  272. 

Table  No.  272. — South  Lancashire  and  Cheshire  Coals — Summary 
Results  of  Performance  in  the  Wigan  Marine  Boiler, 


In  three  series  of  trials,  by  Messrs.  Richardson  &  Fletcher,  and  by 

Messrs.  NiooD  &  Lynn. 


Fuiicalan. 

Tkiibbjr 

Ifcssrs. 
Richardson 

THabofMem  NiooU 
and  Lynn. 

and 
Fletdier. 

Widwitt  Jet. 

With  Jet. 

10.3 

10.3 

10.3 

2.55 
27.63 

2.53 
27.50 

41.25 

Water  from  100°  per  hour,  cubic  feet 

Water  per  sq.  foot  of  grate  per  hour,  „ 
Water  from  212^  per  pound  of  coal, ......  lbs. 

47-25 

4.59 
11.54 

48.30 

4.69 
11.92 

69.  F  3 
6.71 
11.36 

Duration  of  smoke^  in  the  hour, )  minutes 

24 

I.I 

QwO 

Trials  or  Nkwcastle  and  Welsh  Ck>ALS  in  thk  Wiqan 

Marine  Boiler. 

A  mixtare  of  Davidson's  Hartley  and  Hasting's  Hartley  (Newcastle 
coals),  and  a  mixture  of  Powell's  DufTryn,  Nixon's  Navigation,  and  Davis's 
Abcrcwomboy  (Welsh),  were  tried  in  the  Wigan  boiler — ^betng  the  same  as 
some  coals  that  had  been  tried  at  Keyham  Dockyard  in  1863.  The  genera] 
results  of  the  trials  are,  for  comparison,  placed  together  with  those  of  the 
South  Lancashire  and  Cheshire  coals,  thus: — 

Table  No.  273. — Newcastle  and  other  Coals; — Comparative 
Results  of  Evaporative  Performance. 


Coal  per  S<]uarc 
Foot  of  Grate 

Water  at  soo* 
par  How. 

Water  at  xn* 

per  Ibw  of  Goal 

lbs. 

cubic  feet. 

lbs. 

28.83 

11.95 

26.90 

48.^ 

1244 

27.63 

47.25 

11,54 

25.53 

47.38 

".54 

31.36 

48.50 

10.37 

C0A1.S. 


Newcastle,  

Welsh,  

South  Lancashire  and  ChedUre : — 

Average,  

Highest  evaporative  efiiciency 

(Haigh  Yard),  

Lowest  evaporative  efficiency  ) 

(Worslcy  Top  Four  Feet),  J 
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Showing  that  the  average  of  the  South  Lancashire  and  Cheshire  ooak  is 
inferior  in  rapidity  and  in  efficiency  of  evaporation  to  both  of  the  other 
ooals,  and  that  though  the  best  of  the  South  Lancashire  coals  has  a  greater 
evaporative  efficiency  than  the  others,  the  rapidity  of  evaporation  was  less. 
This  comparison  is  corroborative  of  the  deductions  made  from  Delab^che 
and  IMayfair's  analysis  and  trials  of  coals  from  the  several  districts  (see 
page  413)- 

Evaporative  Performamce  or  Newcastle  Coals  in  a  Marine 
Boiler,  at  Newcastimn-Tyne,  1857.^ 

These  experiments  were  made  to  test  the  evaporative  power  of  the 
steam-coal  of  the  Hartley  district  of  Northumberland.  The  experimental 
boiler  was  of  the  marine  type^  10  feet  3  inches  long,  7  feet  6  inches  wide, 
and  10  fctt  high;  with  2  internal  furnaces,  3  feet  3  feet  3  inches  high, 
and  135  flue-tubes  above  the  fiumaces,  in  9  rows  of  15  each,  3  inches  in 
diameter  inside,  5)^  feet  long.  The  dead-[)lates  were  16  inches  long,  and 
21  inches  below  the  crown  of  the  furnace.  As  the  result  of  many  preliminary 
trials,  two  standard  lengths  of  fire-grates  were  fixed  upon — 4  feet  9  inches, 
and  3  feet  2}4  inches,  with  a  fall  of  inch  to  a  foot;  and  the  fire-bars  were 
cast  ^  inch  thick,  with  air-spaces  from  S'g  to  ^  inch  wide.  The  fire-doors 
were  made  with  slits  inch  wide  and  14  inches  long,  for  the  admission 
of  air.  The  chining  was  2  feet  6  inches  in  diameter.  A  water-heater  was 
applied  at  the  base  ol  the  chimney^  in  the  dioroughfare;  it  contained 
76  vertical  tubes,  4  inches  in  diameter,  sunounded  by  die  feed-water. 

Total  area  of  iire-grates,  4  feet  9  inches  long,  28^  square  feet 

Do.  do.       3  „   2><  „       „    19/?  tt 

Heating  surface  of  boiler  (outside),  749  square  feet. 

Do.  water  heater,  320  „ 

Ratio  of  larger  grate-area  to  heating  surface  of  boiler,  i  to  26.28 
Da  smaller    da  da  i  to  38.91 

Two  systems  of  firing  were  adopted,  as  "  standards  of  practice — First, 
ordinary  or  spreading  firing,  in  which  the  fuel  was  chaiged  over  the  gnite^ 
and  the  whole  of  the  suj)ply  of  air  was  admitted  through  the  grate. 
Second,  coking-firing,  in  which  the  fuel  was  charged,  i  cwt.  at  a  time, 
upon  the  dead-plate,  and  subsecjuently  pushed  on  to  the  p'ate,  making 
room  for  the  next  charge;  and  air  waii  admitted  by  the  doorway  a.s  well  as 
by  die  grate.  Four  systems  of  furnace  were  tried,  of  wbadi  Mr.  C  W. 
WilUams'  was  adjudged  by  the  experimentalists  to  have  rendered  the  best 
performance.  According  to  this  system,  air  was  admitted  above  the  fire 
at  the  hont  of  the  furnace,  by  means  of  cast-iron  casings,  having  apertures 
on  the  outside,  with  slides,  and  perforated  through  the  inner  face,  next  the 
fire,  with  numerous  S  g-inch  and  ^^-inrh  holes,  having  a  total  area  of  80  square 
inches,  or  5.33  square  inches  per  sijuare  foot  of  grate.  Alternate  firing 
was  adopted  by  Mr.  Williams.  The  general  results  of  the  experiments  are 
given  in  table  No.  274. 

*  The  author  bas  derived  die  peitkuhn  of  those  trials  from  the  /ifp<frt  of  Mems,  L»Hg- 
riJ^e,  ArmOnmgt  ib'Rkkardsm  to  ikeSttam  CaUiiriet  AssockiioH  ^  Ntutea^-on-jyt^L 
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The  experimentalists  reported  that  Mr.  Williams'  plan  gave  the  best 

results,  and  they  concluded:  ist  That  by  an  easy  method  of  firing,  com- 
bined with  a  due  admission  of  air  in  front  of  the  furnace,  and  a  proper 
arrangement  of  fire-grate,  the  emission  of  smoke  may  be  effectually  prevented 
in  ordinary  marine  multitubular  boilers  whilst  using  the  steam-coals  of  the 
Hardey  district  of  Northumberland.  2d.  That  the  prevention  of  smoke 
increases  the  economic  value  of  the  fuel  and  the  evaporative  power  of  the 
boiler.  3d.  That  the  coals  from  the  Hartley  district  have  an  evaporative 
power  fully  equal  to  that  of  the  best  Welsh  steam-coals,  and  that,  practically, 
as  regards  steam  navigation,  they  are  decidedly  superior.** 

These  gentlemen  made  a  trial  of  Aberaman  Welsh  coal,  and  they  found 
that  its  practical  evaporative  power,  when  it  was  hand-picked,  and  the 
small  coal  rejected,  was  at  the  rate  of  12.35  lbs.  of  water  per  pound  of 
coal,  evaporated  from  212°;  this  may  be  compared  with  the  best  result 
from  Hartleys  coal,  large  and  small  together,  in  table  No.  274,  which  was 
12.53  water  from  212°  per  pound  of  coal,  or  with  another  result  of 
e]q)eriment,  with  Hardey  coal,  not  given  in  the  table,  showing  13.91  lbs. 
water  per  pound  of  coal  As  a  check  on  these  results,  they  ascertained 
the  total  heat  of  combustion  of  the  two  coals  here  compared,  by  means 
of  an  apparatus  constructed  by  Mr.  Wright,  of  Westminster,  so  contrived 
that  a  portion  of  coal  is  burned  under  water,  and  the  products  of  combustion 
actually  passed  through  the  water,  which  absorbs  the  whole  heat  of  combus- 
tion.   The  following  are  the  comparative  values: — 


The  experimentalists  also  point  out  the  "dastidty  of  action"  of  the 
Hartley  coals:  they  burned  them  at  rates  varying  from  9  to  37^  lbs. 

per  square  foot  of  grate  per  hour  without  difficulty,  and  without  smoke, 
rhe  Welsh  coal,  burned  at  the  rate  of  34^  lbs.  per  foot  per  hour,  melted, 
it  is  said,  the  fire-bars  after  an  hour  and  a  halTs  work. 


Trials  of  Newcastle  and  Welsh  Coals  in  the  Marine  Boiler  at 
Newcastle,  for  the*  Board  op  Admiralty.  By  Messrs.  Miller 
&  Taplin.  1858. 

Messrs.  Miller  &  Taplin,  representing  the  Board  of  Admiralty,  conducted, 
in  1858,  a  series  of  trials  at  Newcastle,  with  the  same  marine  boiler  as  was 
employed  by  Messrs.  Longridge,  Armstrong,  &  Richardson,  the  object  of 
iHudh  was  to  investigate  the  comparative  evaporative  power  and  other  pro- 
perties of  Hardey  coal  and  Welsh  steam-coal,  and  the  merits  of  Mr. 
Williams'  plan  of  smoke-prevention. 

The  fire-bars  were  inch  in  thickness,  and  had  J^-inch  air-spaces. 
The  feed-water  was  passed  through  the  heater,  except  when  otherwise 
stated.  Mr.  Williams'  apparatus  was  constantly  in  action  when  Hartley 
coal  was  burned  without  smoke;  and  it  was  closed  when  this  coal  was  tried 
for  smoke  making,  also  when  Welsh  coal  was  burned. 


Water  practically  Evaporated   Total  Heat  of  Combustion 
par  Foond  of  CcxU.         in  EvapontiTe  Effidanqr. 


Welsh  coal,  hand^picked»  

Hartley  coal,  large  and  small, 


ia.35  lbs.    14.30  lbs. 

»    14.63  » 
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During  the  trials  of  Hartley  coal,  the  fires  were  maintained  at  from  1 2  to 
14  inches  in  thickness  on  the  grates,  the  coal  was  stoked  on  the  coking 
system,  the  fresh  charges  of  coal  havdng  been  delivered  at  the  front,  on 
each  side  of  each  grate  alternately ;  and  the  incandescent  fuel  pudied 
forward  towards  the  bridge  befm  charging. 

During  the  trials  of  Welsh  coal,  the  fires  were  maintained  at  iioin  8  to 
10  inches  in  thickness;  and,  in  charging,  the  fresh  coal  was  thrown  where 
it  was  required,  all  over  the  fire;  the  burning  fuel  never  being  touched  by 
any  firing  tool. 

The  cinders  that  fell  through  the  grates  were  constantly  raked  together 
and  thrown  upon  the  fires. 

The  results  of  the  trials  made  by  Messrs.  Millar  &  Taplin  have  been 
analyzed  and  compiled  into  the  table  No.  275,  in  which  the  results  of  the 
performances  of  the  West  Hartley  coals  are  grouped,  to  which  is  added  the 
results  obtained  from  Lambton's  Wallsend  house  coal,  as  a  bituminous  or 
highly  smoky  coal.  The  results  of  the  trials  of  the  South  Welsh  coal  are 
likewise  groujied  in  the  table.  Separate  trials  of  each  coal  were  made,  in 
which  the  feed-water  was  delivered  direct  into  the  boiler,  the  heater  having 
been  for  this  purpose  disconnected. 

Messrs.  Miller  &  Taplin  concluded  from  the  results  of  their  experiments : 
xst,  that  when  the  smoke  from  Hartleys  coal  is  consumed,  the  evaporative 
value  of  this  coal  is  nearly  equal  to  that  of  Welsh  coal,  whilst  its  rapidity  oi 
combustion  and  evaporation  of  water  is  greater ;  2d,  that  the  Hartleys  coal  is 
less  liable  to  be  broken  up  by  movement  than  Welsh  coal ;  and  that  it  is  less 
disintegrated  by  long  exposure  to  the  atmosphere  than  Welsh  coal;  3d, 
that  Hartleys  coal  may  be  burned  without  "«lg'"g  smoke,  by  the  use  of 
Mr.  C.  W.  Williams'  apparatus. 

Trials  of  Welsh  and  Newcastle  Coals  in  a  Marine  Boiler 

AT  Rbyham  Factory.  1863. 

Trials  of  Welsh  and  Newcastle  coals,  singly  and  in  combination,  were  con- 
ducted with  the  coal-testing  boiler  at  Keyham  Factory,  by  Mr.  T.  W.  Miller. 
The  boiler  is  die  pattern  from  which  the  Wigan  boiler,  described  at  pa^e  781, 
was  made,  and  of  which  it  was  a  copy,  except  that  the  flue-tubes  are  2  mches. 

The  dead-plate  was  10  inches  below  the  crown  of  the  furnace,  and  6  inches 
in  length.  The  grate  was  made  of  two  dififerent  lengths,  4  feet  and  3  feet, 
and  inclined  2  inches  per  foot.  The  bridge  was  8  inches  below  the  crown. 
Two  different  doors  to  each  furnace  were  employed  during  the  trials:  one,  a 
common  door,  with  a  few  small  perforations  for  air  ;  the  other  was  madedouhle, 
and  air  entered  from  the  bottom,  and  passed  through  numerous  ^-inch  holes 
into  the  furnace.  The  air-way  in  the  second  door  amounted  to  60  square 
inches,  equal  to  8.6  inches  per  square  foot  of  the  longer  grates,  and  ix.4 
inches  for  the  shorter  grates.   The  charges  of  coal  were  from  16  to  19  lbs. 

Total  grate-area,   4  feet  long,   13- 75  square  feet. 

»    3      >»    io«3  »» 

Total  heating  sur&ce,  plate,   72.5  „ 

„  „    tubes  (outside),  324.5     397.0  „ 

Ratios  of  grate*areas  to  heating  surfisce:  larger  grates,...  i  to  29 
„  „  „       smaller       ...  i  to  38.5 
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Mr.  Miller  reported  that  "  the  combinations,  in  equal  proportions,  of 
Welsh  and  Newcastle  coals,  while  they  produced,  on  the  average,  nearly 
equal  economical  results,  measured  by  the  quantity  of  water  evaporated  by 

I  lb.  of  fuel,  th^  produced  on  the  average  greater  rapidity  in  evaporation, 
and  that  they  on  die  average  produced  the  least  amount  of  smoke."  He 
also  found  that  the  small  Welsh  coal  could  be  burned  beneficially  in  mix- 
ture with  Newcastle  coal  The  general  results  of  his  experiments  are  given 
in  table  Na  376. 

Evaporative  Performance  of  American  Coals  in  a  Stationary 

Boiler.  1843. 

The  American  coals,  of  which  the  composition  was  given  page  418,  weie 
tried  for  their  evaporative  performance  by  Professor  Johnson,  with  a  flat- 
ended  cylindrical  boiler,  3}^  feet  in  diameter  and  30  feet  long,  with  two 
thorough  internal  flues,  10  inches  in  diameter.  The  grate  was  placed 
below  the  boiler  at  one  end,  and  was  5  feet  long  by  3  feet  wide;  it  was 
9  inches  below  the  boiler  at  the  front,  and  10  inches  at  the  bade  The 
bars  were  ^  inch  thick,  with  ^-inch  air-spaces.  The  grate  could  be 
shortened  8  inches,  by  inserting  a  perforated  air-plate  at  the  bridge;  and 

II  inches  at  the  front,  by  inserting  a  coking-plate.  The  air  for  com- 
bustion was  heated  in  a  chainber  under  the  ash-pit,  before  passing  through 
the  grate. 

The  gases  passed  under  the  boiler  to  the  back,  returned  through  the  inside 
flues,  and  made  another  circuit  of  the  boiler  by  a  whed-db:aught  through  side 
flues.   The  chimney  was  18  inches  square,  and  61  feet  high  abcn^  the 


grate. 

Area  of  grate: — 

Full  length,   16.25  square  feet 

With  air-plate^   14.07  „ 

With  air^Utte  and  dead-plate,   1^75  » 

Heating  sur&ce: — 

Lower  flue,   130  „ 

Two  flue-tubes,   157  „ 

Two  side-flues,   90.5  „ 


Total,   377.5  » 

"s:^^^^}^^'-^  ^^'i' 

With  air-plate,   x  to  26.8 


With  air-plate  and  dead-plate,  x  to  33.2 

The  water  was  evaporated  into  steam  of  from  6  lbs.  to  7  lbs.  per  square 
inch  above  the  atmosphere.  The  coal  was  delivered  in  charges  of  from 
100  lbs.  to  110  lbs.  The  condensed  results  of  performance  are  given  in  table 
Na  277.  The  average  results  were  that  in  burning  7  lbs.  per  square  foot  of 
grate  per  hour,  9    lbs.  of  water  was  evai)orated  from  a  x  2**  F.  per  pound  of  cooL 

The  inferior  evq>oration  for  the  bituminous  caking  coals  is  accounted 
for  its  imperfect  combustion,  evidenced  by  the  smoke  which  escs^ped 
in  considerable  quantity. 


Digitized  by  Google 


792        EVAPORATIVE  PERFORMANCE  OF  STEAM-BOILERS. 


1 
6 


O 

«  PQ 
O  < 

<  -5 


t: 


►2  [J  ~ 
< 


o  ^ 

C  H  U 

I  I 


«  «  - 


>  "t5 
g  § 


i 


^    2  -  ^• 

aSti  e  -  5 


ti 


.1-8 


,  i  E 

O   L.  u 


s 


■y.  - 


i 

a 


sr 


41 


N  TO  fO 


-a 
3 


N  -«  r»  « 

ft         —  t>. 


O 


to 


so  ^^  i'^  O 


en 


^  6  o6  d  j 
to  to  W  fO 


5 


o  oo  O 

^  O  *^ 
•    •    •  • 

CO 


N  («>0  VQ 


to 

to  o> 

•  ■      •      •  « 

m         C(  M  M  M 


o 


'8 


TI 


I 


QO 


fO   CO  CO  to 


•»     •»  •»  • 


O  «o  mso  ^  « 
w        On   O  O 


>o  «u^(oo6 
c<      ci  cfcicic* 


« 


«         •      *      «  • 

^  ^tnto  On 
to  fO  to  to  r'> 


O  N     N  «0  ^ 


M 


O  "fO  -« 


«    N  «  W  « 


>   jT  2r  >^  > 


0<i  23 


i 


I  c 


5  ^  t: 
He  a*  'r 

c 


o 

H 

g 
o 

JB 


€>  r*  ^  — 


rt 

IT 


r5f 


0, 


LI  O 

-a  c 

=  S 

^  8 

.-•3  " 


C4 


^      a3  .«  S-  ^  -c 

•i  z,  >  >  t^-—  Put; 


Digitized  by  Gopgle 


MARINE  BOILER  AT  KEYliAM  FACTORY. 


793 


4  .i.^ 


8 m     m,     m     •  9 
•    •    •  -g^ 


i 


u 

.S 


I 


B 

I 

cn 


o 


00 


t 


1 

o 

1 


S  S.-2  "  g  S 


u    0  2 


6  6s6  6  6  <f  d 


C«  M  fl  ft  M  fON 


i-  c  C  3 
w  1  **  ° 


3 


•  ••»••• 


10  3"  3:  Q 

0\0  'VvO  tJ-OO  ^ 

«■   M  M  M   M  M  M 


**x>o  00  00  o 

00  M  M  O  "-00  fO 

-2  c«  H  <<  f«  c<  << 


?  A  « 

III 


sr 


CO    O  NO 


to  O 


8  ;t 

CO 


O 


00 


o\  o 

CI  M 


CO 


d 


d 


1^ 


Ill 

^  O  >  - 


j2  "S  r 

«  ^  ^ 

ia  o  „  >  is 

<4  a  S  S  (4  <^ 


< 
H 

I 

Sue 

O 

c4  O 


J3 


S 
CO 


11 


es  "r: 

^  ^  6 


in  g 
.c 


"a 
o 

'A 
> 

Q 


^  'yj 

H   41  ► 


i 


u 


8  a«? 


I 

H 
O 


Digitized  by  Google 


794"       EVAPORATIVE  PERFORMANCE  OF  STEAM-BOILERS. 


Table  No.  277. — American  Coals:  —  Results  of  their  Evaporative 
Performance  with  a  Cylindrical  Stationary  Boiler  at  the 
Navy  Yard,  Washington.  1843. 

(Reduced  from  the  Report  of  Professor  W.  R.  Johnson.) 


1 

I 

Coax.  1 

Area  of 
Fire- 
grate. 

Coal 
Consumed 
per  Hour. 

1 

Coal  per  1 
Square 
Foot  of 
Grate 

par  Hour. 

Water 
Evapor- 
ated  mm 
Ordinary 
Tempera- 
turc  per 
Hour. 

Square 
Foot  of 
Grate 
per  hour. 

Evapor- 
ated from 

3ia  r . 
per  lb.  of 
Coal. 

Anthracites  (7  samples),... 
Free-burning  bituminous  ) 

coals  (I  I  samples),  ) 

Bituminous  cakmg  coals  ) 

(Virginian,  10  samples), )  j 

sq.  feet. 
14,30 

14.14 
14.15 

1  lbs. 
94.94 
99.16 

105.02 

lbs.  ' 
6.64 

7.01 
7.42 

cub.  feet. 
12.37 

13.73 
12.16 

cub.  feet. 
0.87 

0.97 

a86 

lbs. 
9-63 
9.68 

8.48 

Averages,  | 

14.20 

9971 

7.02 

13.75 

a9o 

9.26 

CONDITIONS  OF  SmOKB. 

Anthracites.   No  smoke. 

F^bumi^g  UtmniiMMit  oools.  little  iiimIi^  and  mostly  when  chaiging. 

Bltttniinoiu  caking  ooals.  Smoke  consideiable^  in  one  instance  constant. 

The  air-])late  was  tried  both  open  and  closed  for  each  coal,  with  various 
effect,  good  and  bad.  The  average  results  for  the  open  air-plate  proved  a 
gain  in  efi&ciency  and  a  loss  in  rapidity,  thus : — • 

Gainof  Effidenqr*      Lots  of  Rapidi^. 
Coals.     

per  cent.  per  cent. 

Anthracites,   0.43    14.9 

Free-burning  coals,   2.13    2.68 

Caking  coals,   1.96    1.48 

Foreigii  and  western  coals,   3.38    5.37 


Showing  that  the  open  air-plate  was  most  beneficial  for  efficiency  and  least 

injurious  for  rapidity  with  the  smoke-making  coals. 

Surplus  air  in  the  products  of  combustion.—  By  analysis,  it  was  found  that 
twic  e  the  quantity  of  atmospheric  air  that  was  chemically  necessary,  passed 
through  the  furnace. 

Tmpemtun  €f  ^  mr  and  snufke, — ^The  average  temperatures  were  as 
follows: — 

External  air,   73°  F. 

Air  on  arriving  at  the  grate,   250°.    Heated  177°. 

Gases  on  arriving  at  the  chimney,        292°.    Excess  above  steam  65°. 

Draught-gauge,  307  inch  of  water. 

If^uefue  vfsoia  in  the  flues, — It  was  observed  that  whilst,  in  the  perform- 
ance of  the  anthracites,  day  after  day,  the  temperature  at  the  chimney  and 

the  evaporative  efficiency  were  ]  ractically  constant,  with  the  smoky  coab 
the  temperature  rose  and  the  efficiency  fell  off.  In  three  instances  of 
caking  coal,  the  temperature  rose  ys"*  from  an  average  of  298""  F.,  on  the 
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first  day,  to  373°  F,  on  the  last  day:  and  the  efficiency  fell  off  i  lb.,  from 
8.66  to  7.68  lbs.  These  effects  are  due,  of  course,  to  the  accumulation 
of  soot  on  the  surface  of  the  boiler,  and  the  impediment  thus  caused  to  the 
passage  of  heat. 

LiSdof  the  grate. — The  grate  was  tried  at  7  inches  and  la  inches  below 
die  crownf  the  standard  level  having  been  9  inches.  The  trials  showed 
that  the  7-inch  level  was       per  cent  better  than  the  9-inchy  and  the 

9-inch  level  8  per  cent,  better  than  the  12-inch. 

Effect  of  cutting  off  the  tu>o  side-flues. — Reducing  thus  the  heating  surface 
90.5  square  feet,  the  comparative  performance  with  and  without  the 
side-flues  was  as  follows: — 


Anthracite  :   Water  per  Ib.  of  Coal.    water  i>^r  hr 

Without  side-flues,   9.96  lbs.  ...  13.33  <^ubic  feet 

With       da    laii  „   ...  14.03 

Caking  Coal: — 

Without  side-flues,   7.80  „    ...  11.72  „ 

With       do.    8.51  „   ...  11.30  „ 

Showmg  diaty  whilst  the  average  rapidity  was  not  affected,  the  efficienqr 
was  diminished  by  the  dosmg  of  die  side-flues. 

Evaporative  Fbrformancb  of  an  Experimental  Marine  Boiler, 

Navy  Yard,  New  York,  U.S.* 

Mr.  Ishenv'God  made  trials  of  an  experimental  multitubular  marine 
boiler  under  cover,  on  land.  The  boiler  was  covered  with  felt  stitched  on 
canvas.  Steam  of  20  lbs.  effective  pressure  per  square  inch  was  generated 
and  blown  ofS.  The  shell  was  7  feet  7  inches  deep,  3  feet  i  ^  inch  wide, 
and  6  feet  5  inches  hi^,  with  a  single  flre-flue  26  mdies  in  diameter,  and 
24  flue-tubes  above  the  fire-flue,  3  inches  in  diameter  outside,  5  feet 
10^  inches  long.  With  a  4-inch  dead-plate,  the  grate  was  5  feet  long, 
inclined,  being  12  inches  below  the  crown  at  the  front,  and  15^  inches  at 
the  bridge. 

Area  of  fire-grate,  xo.S  square  feet 

Heating  sni&ce: — fiimacc,   19.7  square  feet 

smokebox,   *5»75  t> 

tubes,  100.78  „ 

uptake,   4.02      „      150.30  „ 

Ratio  of  grate-area  to  heating  surtace,  i  to  14. 

The  fires  were  5  inches  in  thickness,  using  Pennsylvanian  anthracite  of 
medium  quality.    The  refuse  averaged  about  20  per  cent,  of  the  fuel. 

In  the  following  selection  of  the  results  of  the  performance,  the  equiva- 
lent quantities  of  water  as  evaporated  from  and  at  2x2*^  F.,  are  substituted 
for  the  original  quantities; — 

*  E^^trimtHtai  RtmnJus  m  Stmm  Ettghutriiift  vol  it  186$. 
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Table  No.  278. — Evaporative  Performance  of  Experimental 
I^Iarine  Boiler,  at  the  Navy  Yard,  New  York,  U.S. 


ut  Series  of  Trials:— :Varjfing  Rate  of  Combustum, 

Heating 

R.-itio  of  Heating 

Coal  per  Square 

Water  per  Potmd  of 

AraiofGmte. 

Surfiftoc 

Surface  to  Grate. 

Footof  Gcate. 

Coal  frein  Md  1  ts«*. 

square  feet 

square  feet 

ratio. 

lbs. 

lbs. 

A 

10.8 

150.3 

14 

5.57 

9.27 

B 

10.8 

150.3 

14 

10.99 

«.9S 

C 

10.8 

150.3 

14 

16.57 

7.94 

r> 

10.8 

150.3 

14 

22.10 

7.80 

£ 

10.8 

150.3 

14 

27.76 

7.40 

Series  of  Trials :—  Varying  Area  of  GraU. 

I 

8.64 

149.0 

17.24 

«s 

8.5S 

J 

6.48 

148.0 

22.84 

»5 

8.28 

K 

147.0 

3403 

15 

«.93 

eJh  Series  of  Trials  :- 

—Constant  Total  Quantity  of  Fuel  Consumed  per 

J/our,  with  Varying  Grates* 

L 

8.64 

I49-0 

17.24 

20.73 

8.03 

IVl 

6.48 

148.0 

22.84 

27.42 

7-43 

N 

4-32 

147.0 

34.03 

27.58 

7.24 

8M  Series  of  Trials:— HeaHstg  Surfau  of  Tubes  cut 

V 

1 0.8 

45-5 

4.21 

16.57 

S.91 

w 

laS 

45.5 

4.21 

16.5S 

6.10 

X 

4S-5 

4.21  1 

11.77 

6.64 

£xpe3umbnts  on  the  comparative  evaporative  performance  of 
Stationary  Boilers  in  France.  1874, 

A  commission  was  appointed  by  the  Saciiti  fndusirieile  de  Mulhouse  to 

test,  under  identical  conditions,  the  comparative  performance  of  a  French 
or  elephant  boiler,a  double-flue  Laacashiie  boiiei^and  aso-caUed  "Fairbaim" 
boiler.* 

Lancashire  boiler. — 6.56  feet  in  diameter,  25.75  feet  long;  flues  27.5  inches 
in  diameter,  with  internal  fire-place  28.5  inches  in  diameter.  Shell-plates 
.64  inch,  flue-plates  ^  inch  thick.  Grate  inclined;  mean  level  below  crown, 
z6  inches.   Fire4)ai8 .6  inch  thick,  air-^aces  %  inch. 

^Fairbairn''  boiler, — ^Two  cylinders  4. 1  feet  in  diameter,  25.75  feet  long; 
central  fire-tube  27.5  inches  in  diameter,  enlarged  at  the  end  to  form  an 
internal  fire-place  28.5  inches  in  diameter.  The  two  cylinders  were  united 
to  a  third  above  them,  3.75  feet  in  diameter,  23  feet  long,  by  three  neck- 
ings or  pipes,  14  inches  in  diameter,  from  each  lower  cyimder.  Plates 

>  Bulletin  de  la  Sodki  Industrielle  de  Aiulkeuse,  June,  1875.  See  also  Proceedings  of  the 
InstitutioH  of  Cwil  En^neertt  vol.  xliiL  n.  377,  where  an  abstract  of  the  Report  is  pub- 
lished. 
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j4  inch.  Grate  inclined;  mean  level  below  crown,  i6  inches.  Fire-bars 
.6  inch,  air-spaces  ^  inch. 

French  boiler. — Body  3.74  feet  in  diameter,  29.5  feet  long.  Three 
heaters,  1.64  feet  by  32.S  feet  long,  united  to  the  body  by  three  neckings 
to  each.  Plates  of  body  %  inch;  of  heaters  .4  inch  thick.  Grate  hori- 
zontal; level  bdow  middle  beater,  18  inches,  and  below  side  heaters,  16 
inches. 


"  F.Tirb.iirn." 

I-Tnc.ishirc. 

French. 

a  -.5.75 

25-75 

.  square  feet 

1^17 

012 

607 

4-53 

4.53 

4.21 

Combined  width  of  grates,.- 

4-53 

4-53 

4.76 

.  square  feet 

20.5 

20.5 

2ai 

Ratio  of  heaung  surmce  to  grate-area,.... 

I  to  49.5 

I  to  29.8 

I  to  3a3 

642.5 

637-5 

531. 1 

544.7 

412.5 

408.1 

97.8 

225.0 

123.0 

Heating  sarnce  per  cubic  ) 

square  feet 

1.87 

1.48 

1.49 

Total  weight,  with  accessories,   tons 

19.6 

16.6 

14.5 

Weight  per  square  foot  of 

1  lbs. 

42.4 

59-7 

53-5 

The  gases  in  the  Fairbairn  boiler  passed  from  the  flues  by  the  sides  of 
die  lower  cylinders,  and  returned  bf  the  sides  of  the  upper  cylinder,  towards 
the  chimney.   In  the  Lancashire  boiler,  they  passed  fix>m  the  inside  flues 

on  each  side  to  the  front,  and  thence  under  the  boiler  to  the  chimney.  In 
the  French  boiler,  the  current  was  not  divided,  but  after  heating  the  three 
heaters  it  wound  round  the  boiler.  The  flues  delivered  into  the  same  chim- 
ney. The  temperature  in  the  flues,  just  at  the  chimney,  about  4  inches 
above  the  bottom,  was  taken  every  five  minutes.  The  steam  was  maintained 
at  from  4.6  to  5  atmospheres.  The  feed-water  was  supplied  at  from  79''  to 
84**  F.  The  regular  daily  work  lasted  from  6  a.m.  to  6  p.m.,  with  hour 
interval;  working  time,  10^  hours.  The  coal  consumed  in  gettmg  up 
steam  was  included  in  the  consumption.  Two  days  before  the  trial,  each 
boiler  was  emptied  and  was  thoroughly  cleaned  inside  and  outside.  Each 
trial  lasted  several  days  consecutively.  The  coals  consumed  were  Ronchamp 
and  Saarbrucken,  the  general  composition  of  which  is  indicated  by  the 
following  analysis:^ — 

Gaseous  Elements  only^  or  "Pure  Fuel" 


Gurboo. 

Oxygen 

.ind 
N  itrogeo. 

Actual  Heat  of 
GonhiMtioB  of 
One  Pound 
of  Pure  Pue!. 

per  cent. 

88.59 
^  81.10 

per  cent. 

4-69 
4.75 

per  cent. 
6.72 
14.15 

English  units. 
16,416 
15,320 

'  "Calorimetric  Triab  and  Analysis  of  Coals  and  Lignites,"  by  A.  Sciicurer-Kestner 
and  C.  Mconlef  DoUfnt.  See  Frvemlings  of  the  ItuHMmt  tfCniU  Eugineers^  vol  zlHL 
p.  396. 
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Table  No.  279 — French  and  English  Boilers. — Results  of 

Evaporative  Performance. 
(Reduced  from  the  Report  of  the  Mulhouse  Commiision.) 
FOBU— RmiCBAMP  AND  Saaebruckkn  Coals. 


Boim,  AND  FVML. 

Coal  Consumed  per 
Hour. 

Water  Evapor- 
ated 9  Hour  from 
and  at  aia*  F. 

Water 
ptrlb. 

of 

Entire 
CoaL 

Tem- 

ture  of 
Gases. 

Air 
drawn 
in  per 

lb.  of 
CoaL 

Total 

Per  Sq 

Foot  d: 
fl— 

Ash. 

TotaL 

PerSq.' 
Foot  of 

Qgrntm 

RoNCHAMP  Coal, 

Heavy  Firing. 
"Fairbaim/'  

cwt. 

3-39 

3.50 
3.69 

tbs. 

18.53 
19.15 

ao.57 

pr.  c'L 

13.8 
14. 1 
14.1 

eakft. 

56.06 
53.45 
54.73 

Cttbuft. 

2.73 
2.61 

3.72 

Ifas. 

0.21 

8.50 
8.26 

Falir 

421" 

572 
562 

cu.ft. 

226 

183 

194 

Light  Firing. 

1.96 
1.91 
3.Q4 

10.70 
10.41 
11.36 

135 
14.6 

13.6 

31M 
30.52 
31.38 

1.49 
1.56 

S.86 
8.92 
8.58 

337* 
406 

4^5 

261 

194 

193 

Saarhrucken  Coal. 
French,   

3.04 
3.02 

3." 

16.59 
16.50 

17.32 

10.6 

9.7 

9-4 

43.20 
40.69 

'  41.89 

2. 1 1 
1.99 

2.08 

7-93 
7.51 
7.51 

402 

554 

544 

180 

179 

Ginbral  Avbragbs  op 

THE   Foregoing  Per- 

FORMAN'CES. 

"Fairbaim,"  

T  fHflffltlilTT';  

S.80 
a.81 
a.95 

15.27 

15-35 
16.42 

12.6 

ia.8 
I8.4 

43.74 

41.55 
42.67 

2.12 
2.03 
3.13 

8.67 

!-33 
8wia 

387" 

5" 
510 

227 
186 

189 

Averages  of  3  days'  Pee- 
poRMANcs,  "whea  equal 
rates  of  enpontixm  were 

effected. 

3.57 
3.57 

19.  JO 
19.87 

- 

1  54.3> 

2.64 

a.  70 

&49 

587° 
573 

165 
197 

EVAPORATIVE  PERFORMANCE  OF  LOCOMOTIVE  BOILERS. 

The  author  collected,  from  various  trustworthy  sources,  the  results  of 
the  performance  of  locomotive  boilers,  of  the  earliest  as  well  as  the  most 
recent  designs,  and  has  reduced  them  and  placed  them  together  with  tiie 
results  of  his  own  observations,  in  table  No.  280.^ 

Boilers  of  nearly  every  size  and  variety  that  have  been  used  m  Eng^d, 
are  represented  in  the  table;  the  areas  of  grate  vary  from  6  to  24  square 
feet,  the  heating  surfaces  from  40  to  2000  square  feet,  and  the  ratios  of  sur- 
face to  grate,  or  the  surface-ratios,  from  40  to  i  to  100  to  i.  The  fuel  used 
was  coke,  except  in  a  few  specified  instances  of  boilers  designed  for  burning 
coal,  in  which  coal  was  used. 

*  These  data  are  derived  from  the  author's  work  on  Jiaiiuiay  Machinery ^  l85<(,  page  156; 
and  Raiiwtgf  Loammtiva^  page  33*.  Rdeieiice  ii  natde  to  thoe  wotkt  lor  ianmntioii  on 
the  details  of  the  boilas. 
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Table  No.  280. — Locomotive-Boilers: — Proportions  and 
Results  of  Evaporative  Performance. 

The  Fuel  used  was  Cok^  except  when  Coal  is  specifically  stated. 


Area  01 

flBM. 

Heating 
Suinoe 

on  the 
Otttiid*]. 

I 

Ratio  of 
Hoaniig 

10 

Omt«. 

Coke 

oomunicd 

|M(  OUIHUV  VOOl 

01  Grate 
per  hour. 

Water 
Cunsum- 
ed  per 

Foot  of 
Grate 
per  hour. 

Water 
Evapor- 
ated per 

1  l/UIIU 

of  Coke, 
from 
and  at 
212  r. 

W\,  ft. 

iq.  ft. 

lb*. 

cu.  ft. 

lbs. 

•a^B« 

7.0 

41.25 

6 

44  (coal) 

2.3 

4.02 

10.9 

124 

11.4 

57  (coal) 

4 

5- 32 

6 

138 

21 

6  27 

6 

326 

55 

54 

5.7 

7.86 

w«  Aw 

!  60 

5"  ^4 

0-35 

7.  /O 

ICO 

40 

1  9* 

X  11 

0.53 

0.5 

340 

53-5 

1  90 

9.6 

St  rtA 

1  100 

10 

7.42  ' 

35  \ 

13° 

1303 

7.3*» 

At8 

92 

t  fl 
1 1 

K  XT 

An 
49 

f  4f 

11  t 
11.3 

'    6  Ac 
w.  us 

ii6i 

CO 

It! 
Ill 

0  9A 

<    6  IC 

187 

4* 

f  f  2 

8  ic 

4.93 

699 

52 

138 

15 

8.33 

13.D 

099 

51.4 

105 

15 

10. 70 

II.4 

467 

41 

97 

8.21 

12.5 

608 

48.6 

76 

'li 

8.61 

17  6 
13.0 

CIA 

g 

II.7 

822 

70 

9* 

10.8 

8.85 

18  AA 

/4 

6q 

8.A 

0  00 

13.67 

1067 

78 

84 

II.2 

9.901 

21 

■938 

93 

82 

II 

9*95 

21 

1938 

92 

90 

II 

Q.17 

1866 

79 

8  6 

k  60 

O.WV 

9.6 

903 

94 

132 

17 

1 10'52 

9.6 

828 

86 

105 

«5 

laTo 

10.56 

1056 

100 

1.57 

22.1 

ia4i 

10.5 

782 

74.5 

1  90 

II. I 

IQ 

•9 

c6  e 

6  2 

0.23 

22 

1263 

57.41 

50.7 

6.6 

9.28 

14.7 

1 158.2 

78.8 

62.25  (coal) 

8.77 

10.15 

26.25 

963.5 

36.7 

86  (coal) 

4.54 

10.60 

12.25 

705.7 

57.6 

01.22  (coal) 

8.60 

iai3 

»» 

»» 

♦1 

44.49  (coal) 

7-35 

:  11.91 

14.7 

1 158.2 

78.8 

55.71 

7-73 

9.77 

10.5 

623.1 

59-3 

9-43 

11.68 

1^5 

623.1 

59.3 

10.00 

10.96 

Earliest  Locomotives. 

KUIing^vvorth,  

Do.       improved, . . . 

Rocket,  

PhoeniSy  

Atlas,  

Average  of  4  locomotives, 


Soho, 


Hecla,   

Bury's  goo<ls  locomotives, 
Bury's  passenger 


Gt.  Western  Railway. 

IxioD,  

Hereidei.  

Etna,  Caprioofnoi,  

GiraflTe,  

Mentor,  Cyclops,  

Royal  Star,  

PYracmoB  Cbm,  

Ajax,  

Gieat  Britain,  Inm  Duke^ 
Great  Britain  Variety, .... 
Courier  Variety,  

London  and  North- 
western Railway.  &c. 
A,YoikftKorth-Mid) 
land  Railway,  C 

Hercules,  Vork&North- >^ 
Midland  Railway,  ...  j" 
Sphynx,Man., Sheffield,  ) 
&  Lincoln  Railway,  / 
(Later  opines.) 
Heron,  L.  ft  N.-W.  Ry., 
No.  291, 
No.  300, 


It 


f» 
fl 


South  -Eastern  Railway 

No.  142  

No.  118,  

No.  58^  

No.  „ 
No.  142, 
Na  105, 
No.  9, 
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Table  No.  aSo  ((mUtnued). 


1  { 

Area  of 
Fire- 
grate. 

1 

Heating 
Surface 
1  iibcs 
mcasureil 

on  the 
Outside}. 

1  1 

R.iiio  of 
Heating 
Surface! 

to  ' 
Grate.  ^ 

1  1 

1^  ' 

Coke  Consumed 
Per  Square  Foot 
of  GnUe. 

1 
1 

Water 
Consum- 
ed per  1 
Square 
Foot  of  1 
Grate. 

\ 

Water 

Evapor- 
ated j>er 

Pound 
of  Coke, 
from 

and  at 

sq.  ft. 

sq.  ft. 

ratio.  1 

1 

Ibt. 

1 

cu.  fL 

lbs. 

12.4 

985 

79 

87 

12.26 

ias9 

16 

871 

(coal) 

6.18 

II.Q2 

ff 

ff 

57  (cool) 

WW 

40  (coal) 

7.77 

ff 

ff 

42  (coal) 

6.42 

ff 

ff 

&89 

9-56 

ff 

ff 

46  (coke) 

6.46 

8.76 

A* 

WW 

49  (coke) 

7.17 

•  • 

WW 

$4(oo]Ee) 

&60 

101.04 

10.5 

81 X 

79 

7 

12.46 

10.5 

788 

75 

0 

I'^  1 

10.11 

10.5 

788 

75 

01 

9.2 

11.31 

10.5 

788 

75 

45 

6.7 

11.04 

10.5 

788 

75 

108 

II. 6 

8.09 

las 

788 

57 

8.2 

10.71 

9.0 

788 

87.6 

102 

14.7 

9- 52 

11.37 

1050 

92 

66 

8.66 

1  972 

1 1.8 

974 

82.5 

94 

10.3  1 

1  8. '5 

12.33 

758 

62 

44 

6.29  1 

1 1. 10 

736 

66.3 

70 

8.8  • 

!  9.31  ' 

16.04 

818  1 

38 

6 

10.47 

9.15 

802  1 

15.65 

7.2  ! 

9.94 

9.24 

495 

53-6 

i: 

9-4 

8.28 

las 

688 

65.5 

87 

10 

No. 


38 

39 

40 

41 
42 

43 

44 

45 
46 


47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 

60 
61 


London  and  South- 
western Railway. 

Snalvc,   

Canute  (co.il  burning  loco 

motive) : — 
(  Canute,  feed-waterheat-  > 

(     ed,  tiles,  

i  Canute,  feed -water  heat- 

\     c(l,  tiles,  

\  Camitc,  coldfeetl-watcr, 

\  tiles,  

(  Canute,  feed-waterheat- 

I     c<l.  no  tili's,  

i  Canute,  cold  water,  no 

tiles,  

Canute,  fecd-watcrheat- 

ed,  tiles,  

Canute,  feed-waterheat- 

ed,  BO  tiles,  

Canute,  cold  watei;  no 
tUes»  

Caledonian  Railway, &c 

No.  33,  Cale^lonian  Ry., 
No.  42,  „ 
No.  43,  „ 
No.  51,  „ 

j-Na 

No.  13,  „ 
Nos.  125, 127,  „ 
No.  102,  „ 
Orion,  Sirius,  E.  ftG.Ry., 
America,  Nile^  „ 
Pallas,  „ 
^^nidley, 

Orion,  G.  &  S.-W.  Ry., 
Queen, 


} 


*» 
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EVAPORATIVE  PERFORMANCE  OF  PORTABLE  STEAM- 
ENGINE  BOILERS  WITH  COAL.  1872. 

The  results  of  the  excellently  amducted  tiiak  of  portable  steam-^ngiiies 
exhibited  at  the  show  of  the  Royal  Agricultural  Society,  at  Cardiff,  in  1873, 
were  fully  reported  by  the  judges,  Mr.  F.  J.  Bramwell  and  Mr.  W.  Mene- 
laus.^   To  this  report,  with  the  valuable  tables  appended  to  it,  prepared  by 

the  consulting  engineers,  Messrs.  Eastons  \'  Anderson,  the  author  is 
indebted  for  the  data  with  which  he  has  fornied  the  table  No.  281.  The 
fuel  used  was  Llangennech  (Welsh)  coal;  an  analysis  of  it,  V)y  Mr.  G.  J. 
Snelus  is  given  at  page  41 5,  ante.  The  quantity  of  asli  and  <  linker  averaged, 
SO  far  as  it  was  observed,  about  6  per  cent,  of  the  fuel  1  he  boiler  was  of 
the  onUnar}^  pattern,  having  a  firebox  and  multitubular  flues;  but  Messn. 
Davey,  Paxnian,&  Co.'s  boiler  contained,  in  addition,  ten  circulating  wrought- 
iron  bent  water-tubes,  2%  inches  in  diameter,  in  the  firebox,  rising  fix>m  the 
sides  to  the  top. 

Table  No.  281. — Portable  Steam-Engine  Boilers. — Proportions 

AND  Results  of  Kvaforative  Performance.  1872. 

(Compiled  and  reduced  from  the  Report  of  the  Judges,  Royal  Agricultural 

Sodety't  Show,  Cardiff.) 

Foel: — ^Llangennech  (Welsh)  Coal. 


Area  of  Fire- 
grate. 

Heating 
Surface 

Ratio  of 
1  Heating 

!  Coal 
1  Con- 
sumcd 

Equivalettt 
Water 

Equiva- 
lent 

Nor- 
nuL 

As  Re- 
duced 

for 
Tiid. 

Tubes 
measured 

on  the 
OuUidej. 

'  Surface 
\  lo  Trial  ; 
Firc- 
gnue. 

per  Sq. 

Foot  of 
Trial- 
grate 

liuur. 

Evaporated 
from  and  St 
21  a*  F.  per 
Square  Foot  of 
Gtmi^  per  Hour. 

Water 
Evapor- 
ated per 

Pound 
ofCoiO. 

sq.  ft. 

sq.  ft. 

iq.  ft. 

man. 

lbs. 

lbs. 

cit.  ft. 

Ibt. 

4.4 

30 

283,5 

94.5 

15.7 

i6t 

2.58 

10.23 

5-3 

3-2 

220.0 

I  69 

12.8 

151 

2.42  j 

11.83 

If 

tf 

ti 

*> 

12.5 

148 

2.36  1 

11.81 

I7a6 

33 

14.8 

66.5 

1.06  1 

4.59 

3.75 

3.75 

168.4 

45 

10.3 

114 

1.83 

11.02 

6.13 

3-2 

4.7 

3.2 

4-7 

193.0 

1  - 

34 

9-53 
130 

104 

U9 

1.66 
1.91 

10.89 

9-33 

7.2 

2.37 

211. 0 

89 

;  20.4 

214 

3-43 

10.49 

4-3 

1.6 

151.6 

1 

1  — 

3-5 

3-5 

187.8 

54 

20.7 

204 

3- 26 

9-93 

S-o 

5.0 

I29w8 

26 

13.6 

120 

1-93 

8.97 

S-5 

2.0 

204.5 

1  102 

1 

31. 1 

319 

5.10 

9.27 

No. 


I 

2 
*t 

3 

4 

5 
6 

7 
8 

9 
10 

u 

12 


J  Marshall,  \ 
\  Sons,  &  Co.  \ 
\  Clayton  &  ) 
(  Shuttleworth  i 
i  daytoD  Hi  \ 
\  Shuttleworth  ( 
Hayes  

) Davey,  Par-  ) 
man,  &  Co.  \ 
Tuxford  &  Sons 
Brown  &  May... 
Tasker  &  Sons... 
(  Reading  Iron-  ) 

\    WotkiM  ! 

Lewin  

E.  R.  &  F.  ) 

Turner  \ 

Barrows   &  ) 

Stewart   \ 

j  Ashbey,  Jef- 
\  feiy,  &  Luke  { 


*  Tht  TnaU  0/  Portable  Steam-Engina  at  Cardiff;  Report  by  the  Judges.  1872. 
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So2        EVAPORATIVE  PERFORMANCE  OF  STEAM-BOILERS. 

RELATIONS  OF  GRAT&AR£A  AND  H£ATING  SURFACE 
TO  EVAPORATIVE  PERFORlkiANCE. 

Special  Experiments  on  the  Relative  Value  of  the  Different 

Parts  of  Heating  Surface. 

Mr.  Graham's  Experiments,  1858. — Mr.  John  Graham  published,  in 
1858,^  an  account  of  his  experiments  on  the  proportional  evaporative  value 
of  the  different  parts  of  the  heating  surfaces  of  boilers. 

I  St  Series.  Four  open  tin  pans,  12  inches  square,  m  a  row,  set  in  brick- 
work. A  grate  1 3  inches  square  was  set  directly  under  the  first  pan,  29  inches 
below  it,  from  which  a  flash-flue  3  inches  deep  conducted  the  gaseous 
products  under  the  other  pans  towards  a  chimney.  The  first  pan  showed 
"  the  direct  heating  effect  of  fire ;"  the  second,  the  effect  of  an  "equal  surface 
of  blaze,"  the  third  and  fourth,  the  effect  of  heated  air  only.  With  a 
"  modenitely  strong  draught "  the  quantities  of  water  evaporated  per  hour 
were  i>ruportionally  as  follows: — 

PWCentane  of 
Evmporativc  Duty. 

ist  pan   as  100    67.6 

2d   „    „   27    18.2 

3d   „    „   13    8.8 

4th  „    „     8    5.4 


100.0 

Showing  that  two-thirds  of  the  whole  evaporation  was  effected  from  the  first 
pan,  and  only  a  twentieth  from  the  last  pan. 

2d  Series.  Three  cylinders  of  )^-inch  plate,  3  feet  in  diameter,  and  3  feet 
long,  open  to  the  atmospherey  in  a  row  end  to  end,  were  set  in  brickwork. 
A  grate  was  placed  under  the  first  cylinder,  3  feet  long  and  2  feet  wide, 
and  9^  inches  below  the  cylinder;  with  a  flash-flue  under  the  second  and 
third  cylinders,  concentric  with  them,  of  4  inches  radial  width,  and  carried 
up  on  each  side  to  the  level  of  the  centre  of  the  cylinders.  The  average 
results  of  eleven  trials  for  evaporation,  with  the  calculated  heating  surfaces, 
were  as  follows  : — 

Area  of  grate,   6  square  feet 

Heating  surface  of  ist  cylinder,   io-S3 

Do.  2d     do   14- 13 

Do.         3d     do   i4>i3 


38.79 

Woisley  coal  consumed,  72  lbs.  per  hour,  or  12  lbs.  per  square  foot  of 
grate  per  hour.  Water  evaporated  from  60^  F.,  4.55  lbs.  per  pound  of  coal ; 
the  duty  was  proportionally  as  follows: — 

PteiCMiUge  of  Duty. 
For  Whole  Sw&oc  Ffer  &|aai«  Foot. 

ist  boiler,   as  100    66.4,    or    73  per  cent 

»<i  »i    »  34.7          230,     „     18.5  „ 

3d     W   M      16    10.6,         „  8.5  „ 

100. o  100.0 
>  Iramacttoru  of  tht  Littrary  and  PhUosophkal  Society  of  MatuAater,  vol.  xv.,  1858. 
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Showing  that  about  three-fouiths  of  the  evaporative  work  per  square  foot 
of  surface  was  done  by  the  first  cylmder,  and  only  a  twelfth  by  the  third 

cylinder. 

Experiments  of  Messrs.  Woods  and  Davrance,  1842.'-— Mr.  Edward  Woods 
and  Mr.  John  Dewrance,  in  1842,  tested  the  evaporative  duty  of  successive 
portions  of  the  ilue-tubes  of  a  locomotive  boiler,  5  feet  6  inches  long, 
divided  into  six  compartments  by  volical  diaphiagms.  The  first  compart' 
ment  was  6  inches  long,  and  each  of  the  others  12  inches.  It  was  found 
that  the  evsq)orative  duty  of  the  first  compartment  was  about  the  same  per 
square  foot  as  that  of  the  fire-box;  that  of  the  second  compartment  about 
a  third  of  that  value ;  that  of  the  remaining  compartments  very  small ;  and 
that  the  first  6  inches  did  more  work  than  the  remaining  60  inches  of 
tube. 

Experimental  Deductions  of  M.  Paul  Havrez^  1874. — Tiie  inij)ortant 
deduction,  that  the  evaporative  performance  of  similar  boilers  per  unit  of 
grate-area,  increases  with  the  square  of  the  sur&ce-ratio,  is  confirmed  by  the 
deduction  made  by  M.  Paul  Havrez  of  the  following  law,  from  the  perfor- 
mances of  locomotive  boilers:- — That  the  quantities  of  water  evaporated 
by  consecutive  equal  lengths  of  flue-tubes  decrease  in  geometrical  progres- 
sion, whilst  the  distances  from  the  commencement  of  the  series  increase  in 
arithmetical  progression.  The  point,  he  adds,  at  which  the  law  begins  to 
prevail,  is  that  at  which  the  radiation  of  heat  from  the  fuel  ceases,  and  heat 
is  communicated  by  conduction  alone.  One  of  the  experiments  of  which 
the  results  were  investigated  by  M.  Havrez,  was  made  by  M.  P^tiet,  of  the 
Northern  Railway  of  France,  who  repeated  the  experiment  of  Mr.  Woods 
and  Mr.  Dewrance,  and  tested  the  evaporative  value  of  the  different  parts 
of  a  locomotive  boiler  having  tubes  of  a  length  (tf  rs  feet  3  inches  divided 
into  five  compartments.  The  first  compartment  consisted  of  the  fire-box, 
with  3  inches  of  length  of  the  tubes;  and  the  four  tube  sections  were  3.02 
feet  long.  Using  coke  and  briquettes  as  fuel,  the  average  results  were  as 
follows: — 

Fire-box  tst  Tube  2d  Tube  3d  Tube  4th  Tube 
Section.       Section.      Section.      Section.  Section. 

(60.28  box 
16^5  tubes. 
76.43      179        179        179       i79sq.  ft 

Water  evaporated  per  \ 

s(|uarefoot  per  hour,  >     24.5       8.73      4.43      3.53      1.68  lbs. 

with  coke  I 

Water  evaporated  per  \ 

squarefoot  per  hour,  >    36.9      11.44      5«7«      3'5«      3.31  lbs. 

with  briquettes  j 

M.  Havrez's  law  of  progression  is  traceable  here,  and  whether  it  be  exact, 
or  only  approximately  true,  the  rapidly  diminishing  evaporations  are  corro- 
borative of  the  results  of  previous  experiments.    If  the  successive  evapora- 


*  The  Engineer^  March,  1858. 

'  "  Evaporation  in  Steam-boilers  decreasing  in  Geometrical  Progression,"  by  M.  Paul 
flavrez,  Annales  du  Ghtte  Civile  August  and  Scptemlwr,  1874;  abstracted  in  the  .iFVvtfM/- 
in^s  0/  the  Institution  0/  Civil  Engineers^  voL  xxxix.,  page  398,  1874-75. 
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tions  be  set  off  as  ordinates  to  a  base  fine  repiesentiiig  the  advance  of  the 
beadng  surface,  and  contoured,  die  area  of  die  figure  is  a  measure  of  the 
total  evaporation.  The  area  would  bulk  largely  at  the  first  part,  and  taper 
down  quickly  towards  the  end;  and  it  is  easily  comprehended  that  such 
areas  of  evaporation  for  boilers  of  different  total  len^hs  or  quantities  <rf 
surface,  may  increase  practically  as  the  squares  of  the  total  surfaces, — 
su|)[)osing  that  the  final  temperatures  of  the  gases  in  leaving  the  boilers 
were  the  same. 

Formulas  for  tu£  Relations  of  Grate-Ar£A,  Heating  Svrfacr, 

Wat£r,  and  Fuel. 

It  is  well  known  that,  in  a  given  boiler,  in  which  the  grate  and  the  heat- 
ing sur&ce  are  constant — and,  of  course,  also  the  ratio  of  the  surface  to  the 

grate-area, — the  irreater  the  quantity  of  fuel  consumed  per  hour  the  greater 
also  is  the  cjuantity  of  water  evaporated ;  but  that  the  })rodu(  tion  of  steam 
increases  at  a  less  rate  than  the  combustion,  in  other  words,  that  the  quan- 
tity of  water  evaporated  per  pound  of  fuel  is  diminished.  But  it  has  remained 
a  question: — ^At  what  rate  does  this  diminution  of  efficiency  take  place? 
The  answer  is  supplied  by  the  &ct,  generalized  from  the  experimental  obser- 
Tations  on  stationary,  p<mable,  manne,  and  locomotive  boilers,  detailed  or 
noticed  in  preceding  pages,  that  the  total  quantity  of  water  evaporated  per 
square  foot  of  grate  is  expressed  by  a  constant  quantity,  A,  plus  a  constant 
multiple,  B  £,  of  the  fuel  consumed  per  square  foot  of  grate,  or  by  the  general 
formula 

»rsA+B^   (  I  ) 

The  sense  of  this  equation  is,  that  though  the  water  evaporated  per 
square  foot  of  grate  does  not  keep  pace  with  the  fuel  consumed,  yet  that  the 
quantity  of  water  increases  byequu  increments  for  equal  increments  of  fuel 

per  s  ]uare  foot  of  grate. 

Again,  on  the  inverse  supposition,  that  the  efficiency  of  the  fuel  remains 
constant,  how^  is  the  performance  of  a  boiler  affected  by  the  proportions  of 
the  grate-area  and  the  heating  surface?  The  author,  in  1852,  investigated 
this  question  by  the  aid  of  the  observations  already  noticed,  of  the  evaporai- 
tive  porformance  of  locomotive-boilers,  using  coke;  and  he  deduced  from 
them,  that,  assuming  throughout  a  constant  efficiency  of  the  fuel,  or  pro- 
portion of  water  evaporated  to  the  fuel,  the  evaporative  performance  of  a 
locomotive  boiler,  or  the  quantity  of  water  which  it  was  capable  of  evapo- 
rating per  hour,  decreases  directly  as  the  grate-area  is  increased;  that  is  to 
say,  the  larger  the  grate  the  smaller  is  the  evaj)oration  of  water,  at  the 
same  rate  of  efficiency  of  fuel,  even  with  the  same  heating  surface, 
ad.  That  the  evaporative  performance  increases  directly  as  the  square  of 
the  heating  surfoce,  with  tiie  same  area  of  grate  and  efficien<^  of  &eL 
3d.  The  necessary  heating  surface  increases  directiy  as  the  square  root  of 
die  peiformance;  that  is  to  say,  for  example,  for  four  times  the  perfonnaxice, 
with  the  same  efficiency,  twice  the  heating  surface  only  is  required.  4th. 
The  necessary  heating  surface  increases  directly  as  the  square  root  of  the 
grate,  with  the  same  efficiency;  that  is  to  say,  for  instance,  if  the  grate  be 
enlarged  to  four  times  its  first  area,  twice  tiie  heating  surface  would  be 
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required,  and  would  be  sufficient,  to  evapomte  the  same  quantity  of  water 

per  hour  with  the  same  efficiency  of  fuel. 

Let  W  be  the  quantity  of  water  evaporated  per  hour,  and  C  the  weight 
of  coke  consumed  per  hour,  W  and  C  varying  so  as  to  preserve  a  constant 
ratio  to  each  other;  let  >4=  the  heating  surface,  and^=  the  area  of  grate,  in 
square  feet;  tlien 

W  =  »»— ;   (2) 

in  which  /«  is  a  constant.  When  the  water,  W,  is  expressed  in  cubic  feet, 
and  9  lbs.  of  water  is  evaporated  per  pound  of  fuel,  the  value  of  w, 
deduced  from  the  results  of  forty  experiments,  was  found  to  be  .00222,  and 

W  =  .00222  — 
g 

Reduced  to  the  standard  of  one  square  foot  of  grate,  let  w  and  ^  be  the 
weights  of  water  and  fuel  respectively,  per  square  foot  of  grate,  in  constant 
ratio  to  each  other;  then,  dividing  the  above  formulas  respectively  by^, 

V'in(±Y.   (4) 

and  w  (cubic  feet)  =  .00222  ( — )*   ( 5 ) 

Showing  that,  when  the  ratio  of  water  to  fuel  is  constant,  the  performance 
of  the  boiler,  per  square  foot  of  grate,  increases  as  the  square  of  the  ratio 

of  the  heating  surface  to  the  grate-area.  The  following  table  of  examples, 
extracted  from  Railway  Mcuhiucry^  shows  how  closely  the  evaporation 
proceeded  according  to  the  s(iuare  of  the  surface-ratio,  when  9  lbs.  of  water, 
at  the  ordinary  temperatures  and  pressures,  was  evaporated  per  pound  of 
coke. 


Table  No.  282. — Of  Relative  Heating  vSurfaces  and  Raxes  of 
Consumption  of  Water  in  Locomotive  Boilers. 

(Railway  Machinery.) 


1             Ckiwiied  Gtwiptcf  LocoBWihfw. 

Siufaoe> 
ntio. 

Consump- 
tion of 

Water  per 
Hour  per 

Sq.  Foot  of 
Grate. 

Water  per 

Poiintl  of 
Coke. 

Number 
of  Ex- 
periments. 

Snake,  L.  &  S.  W.  Ry  

ratio. 

72 
90 

cubic  feet. 
6.15 

8 

12 
18 

lbs. 

9 

9.1 

8.9 

8.92 

17 

2 

8 

The  quantities  of  water  are  thrown  into  the  parabolic  curve.  AC, 
Fig.  328,  next  page,  being  ordinates  to  the  base-line,  A  B,  on  which  the 
relative  sur&ce-nitios  are  measured. 

It  was  thus  found,  that,  practically,  there  can  never  be  too  much  heating 
sui^e,  as  regaidB  econooucal  evaporation,  but  there  may  be  too  Htde;  and 

^  RaUuiay  Machinery^  page  15& 


(3) 
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that,  on  the  contrary,  there  may  be  too  much  giat^aiea  for  eoonomical 
evapoiatloD,  but  there  camiot  ble  too  litde^  so  lopg  as  the  required  rate  of 
combostioQ  per  square  foot,  does  not  eioeed  tiie  limits  imposed  by  physical 
conditions.  n 


Hc«ti«c  Surfim-ntias. 
FKg.  3«B.— Phgwm  to  *^*'^JfQ^j^^^j^''^g^^^|i^^^^^  ^  ^9im  ptr  hour  pwr  fcot 

To  co-relate  the  formula  ( i ),  in  which  the  surOeure^atio  is  constant, 
with  the  formula  (  4  ),  in  which  the  evaporative  efficiency  of  the  fuel  is 

constant,  it  may  suffice  for  the  present  to  observe  that  the  quantity  B  r  is 
constant  for  all  surface-ratios,  and  that  the  quantity  A  varies  as  the  square 

of  the  suriace-ratio.   Let  the  surlisuMStio  -^srythenAsor*,  in  which  a  is 

i 

a  constant  which  is  specific  for  each  kind  of  boiler;  and 

w^ar^-k^Bc   (6) 

fBT  s  the  water  evaporated  in  pounds  per  square  foot  of  grate  per  hour. 
^= the  fuel  consumed  in  pounds  per  foot  per  hour. 

EaSafhe  efficiency  of  the  fuel,  or  the  weight  of  water  evqwrated 

^         per  pound  of  fuel. 
A = or* = a  constant,  which  is  specific  for  each  kind  of  boiler. 
B=a  constant  multiplier,  specific  for  each  kind  of  boiler. 

r  =  A »the  ratio  of  the  heating  surface  to  the  grate-aiea. 

0=a  constant,  specific  for  each  kind  of  boiler. 

When  the  water  and  fuel  per  foot  of  grate  per  hour  are  given,  the  value  of 
the  required  surfiu:e-ratio  is  found  firom  the  above  formula,  for  or*  -  «r  - 
and 


(7) 


^  When  the  water  per  foot  of  grate  per  hour,  and  die  suTfiicfrntio,  are 
given,  to  find  the  fuel  per  foot  of  grate  per  hour  required  to  evapomte  the 
water:  Bcbwot*,  and 

^-!!^"   (8) 


B 


TV 


When  the  efficiency  E  =  — ,  of  the  fuel  is  given,  that  is,  the  weight  of  water 
evaporated  per  pound  of  fuel;  also,  the  surface-ratio;  to  find  the  fuel  that 
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may  be  oonsumed  per  square  foot  of  grate  per  hour  corresponding  to  that 
efficiency.  As  ^  =  E«fIl±^=B+^;  then  11^^=^  (E-B);  and 


£-B 


(9) 


When  the  efficiency  Eor     and  the  fuel  consumed  per  foot  of  grate  per 

hour,  are  given,  to  find  the  surface-ratio  required  to  effect  that  evaporation. 
As  abeady  found, or' » ^  (£ •  B), and r* ^) .  whence, 


a 


r.^i^   (10) 


Newcastle  Maritte  Boiler ^  page  785. 

Select  for  comparison,  from  tables  Nos.  274  and  275,  pages  786  and  788^ 
the  performance  of  this  boiler  with  a  grate-area  of  22  square  feet,  and  749 
square  feet  of  heating  surface,  34.05  times  the  grate,  with  increasing  rates  of 
combustion  of  coal  per  square  foot  per  hour.  Find  the  corresponding 
weights  of  water  evaporated  per  square  foot,  and  plot  them  to  a  vertical  scale» 


■fCO 


'SO 


Fif.  3891— NlWCHlc  Marine  Boiler.— Diagram  to  show  Relation  of  Water  and  Coal  per  gquan  Ibot  of 

Gfau«area,  aa  aquare  feat.   Suiiaoe-ratio,  34.05. 

Upon  a  base-lme  A  B,  Fig.  339,  measuring  the  weights  of  coal  consumed. 
They  are  found  to  lie  in,  or  close  to,  a  straight  line,  D  C,  drawn  obliquely 
upwards  from  a  point,  D,  in  the  ordinate  of  zero,  at  a  level  which  is  35  lbs. 
above  the  base-line,  and  the  general  formula  ( 6 )  becomes 

»--=2S  +  97i^;   ( II  ) 

in  which  <7r' =  25,  and  B  "  9.71.  The  annexed  table.  No.  283,  shows  the 
correspondence  of  the  actual  quantities  of  water  evaporated,  with  those 
which  are  calculated  from  the  coal  consumed,  by  this  formula  (  n 

*  The  dia£^onal  line  CD,  in  Fig,  329,  does  not  exactly  strike  the  average  of  the  results 
for  the  graieof  22  square  feet  alone  ;  but  it  is  the  average  for  the  results  obtained  from  the 
various  sixes  of  grate  taken  together.    For  reference  to  the  line  A  £,  see  page  817. 
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Table  Na  383. — ^Newcastle  Marine  Boiler  Relations  of  Coal 

AND  Water. 


Grate  22  square  feet.    Surface-ratio  34.05. 


Nttt.  of 

1  SI  DIM 

No.  274 
and  375. 

Coal  p«r 
Foot  of 
ontc 
per  Hoar. 

W.^ter  per  1 

Coal,  from 
and  at 
an  F. 

Total  Wi 

■tar  per  Foot  of  GiBie 
per  Hour. 

Water 
per  Pound 
of  Coal, 
aoGordiag 
to 

Formula. 

Obiarved. 

By 
Formula 
(11). 

Difierenoe 
Foiniila. 

lbs. 

lbs. 

lbs. 

par  000 1. 

lbs. 

5 

17.27 

11.70 

202.0 

192.7 

-4.6 

11.16 

22.08 

1 1. 41 

251.9 

2394 

-5.0 

10.84 

:i 

23.04 

ia63 

244-7 

248.7 

+  1,6 

10.79 

25.97 

11.17 

290.1 

277.2 

-4.4 

10.67 

17 

26.05 

269.1 

277.9 

+  3-3 

10.67 

6 

26.98 

10.80 

291.4 

287.0 

-1-5 

10.64 

18 

28.51 

10.58 

301.6 

301.8 

0.0 

10.58 

Since  A  =  ar'  -  25,  in  the  present  instance;  a       =  — 5 —  =  .02 1  ^6,  and 

AT"  =  .02 156  r'.  By  subfidtution,  the  following  formtUa  is  obtained,  which 
jqifdies  to  all  suiface^iatios  in  the  Newcastle  boiler: — 

w=.02i$6r*+g,jic   (is) 

Table  No.  284. — Newcastle  Marine  Boiler — Relations  of  Coal 

AND  Water. 


Varying  grate-area  and  surface  ratio.     Calculaiioni>  for  normal  surface-ratio  34.05 

J^fofmula  ( IT ). 


No.  of 
Experi- 
ment. 

Grate^na. 

Sur&oe- 
ratio. 

Coalper  Square  Foot  of 
Grate  per  Hour. 

Water  per  Sq.  Foot  of  Grate  per  Hour, 
for  Normal  Surface-ratio,  34.05. 

ActaaL 

Reduced  in 
the  Ratio  of 
the  Squares 
oftlieSur'  , 
fiice-ratios, 
ioc  Normal  | 
Ratio,  34  05. 

Reduced  in 
the  same 
Ratio  as 

for  the  CoaL 

Calculated 

from 
Column  5 

by 
Formula 
(tt\. 

DiSerenoe 

by 
Formula. 

(I) 

(4) 

(5)  1 

I  (6) 

(S) 

sq.^feet. 

r.-»tio. 

lbs. 

lbs.  i 

1  lbs. 

lbs. 

per  cent. 

10 

42 

17.83 

58-35 

563- 1 

591.6 

+  5.1 

11 

w 

ft 

17.6 

63.82 

i  583.3 

644.7 

+  10.5 

12 

n 

11 

18.13 

66.12 

i  592.4 

667.0 

+  12.6 

13 

33 

22.7 

2a36 

45^1 

'  423.7 

469.8 

4-I(X9 

2 

28.5 

26.28 

19.0 

31.90 

,  355.0 

334-8 

-  5.7 

5 

22 

34-05 

17.27 

17.27 

202.0 

192.7 

-  4.6 

14 

II 

II 

22.08 

22.08 

251.9 

230.4 

>5 

n 

23.04 

23.04 

244.7 

248.7 

+  1.6 

16 

n 

n 

25.97 

25.97 

290.1 

277.2 

-  4-4 

17 

» 

n 

26.05 

26.05 

269.1 

277.9 

+  3-3 

6 

>» 

II 

26.98 

26.98 

2914 

287.0 

-  1.5 

18 

28.51 

28.51 

301.6 

301.8 

0.0 

4 

ir 

38.91 

17.25 

13.21 

165.5 

153-3 

-  7-4 

21 

41.61 

18.67 

12.50 

139.7 

146.4 

+  4.8 

22 

i» 

II 

24.89 

16.67 

182.7 

186.9 

+  2.3 

7 

»» 

II 

27.36 

18.32 

208.3 

202.9 

-  2.6 

8 

15.5 

48.32 

S7-AO 

18.57 

197.4 

205.3 

+  4.0 
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The  results  of  the  other  expenments  with  the  Newcastle  boiler,  made 

with  diflferent  areas  of  grate,  may  be  reduced  for  direct  comparison  with 
those  made  with  the  22-feet  grate,  by  reducing  both  the  coal  and  the  water 
per  square  foot  per  hour,  in  the  ratio  of  the  scjuaresof  the  respective  surface- 
ratios,  whilst  the  ratio  of  the  coal  and  water,  or  the  efficiency,  remains 
constant  The  table  No.  284  shows  the  reduced  water  (column  6) 
cofve^poiiding  to  the  seduced  coal  (column  5),  for  the  normal  sur&ce-iatio 
34u>5.  In  cohimn  7,  the  reduced  waters  are  given  as  calculated  by  the 
formula  (11);  and  the  difierences  by  the  formula,  which  are,  upon  the 
whole,  inconsiderable,  are  given  in  the  last  column. 

To  show  the  suitability  of  the  formula  (  12  )  for  the  calculation  of  water 
evaporated,  from  the  given  surface-ratios,  as  they  are,  the  annexed  table, 
No.  285,  shows,  by  comparison  (columns  5  and  6),  the  actual  and  calculated 
quantities  of  water  evaporated  by  the  coals  (column  4),  with  the  ratios  in 
column  3.  The  percentages  of  differences  are  identical  with  those  already 
exhibited  in  the  ptevioiis  table. 

Table  No.  285. — ^Newcastle  Marine  Boilkr — ^Relations  of  Coal 

AND  \\'^ATER. 


Varying  grate-areas  and  surface- ratios.    Calculations  for  the  actual 

tSLiioSy  by  formula  (  12  ). 


,  Water  per  Square  Foot  of  Grate  ptf 

Number 

per  Square 

Foot  of 

Grate  per  ' 

1  Hour,  for  the  fhrcn  Surftoe-ratni. 

of 
Experi- 

Grate- 

Stirface- 
ntia 

Actual,  1 

as  from 

Calculated 
by 

Difference 

by 
Formula. 

Hour. 

and  at 
si«*FaIir. 

1 

Fonnula 

(M) 

(t) 

(a) 

(5) 

6) 

(7.' 

square  feet. 

ratio. 

lbs. 

His 

1»». 

per  cent. 

ID 

42 

17.83 

16.0 

1  154-4 

162.2 

+  5-1 

11 

it 

n 

i6a9 

177.7 

+ 10.5 

12 

»> 

>> 

1  18.13 

162.5 

182.8 

+ 12.6 

13  1 

33 

22.7 

1  20.36 

188.3 

23<-5 

■f  10.9 

2 

28.5 

26.28 

19.0 

21 1.5 

199.4 

"  ^'i 

5 

22 

34-05 

17.27 

!  202.0 

192.7 

-  4.6 

14 

» 

» 

22.08 

251.9 

2394 

15 

n 

ft 

23X>4 

2447 

248.7 

■f  1.6 

16 

n 

n 

1  25-97 

290.1 

277.2 

-  4-4 

17 

w 

» 

1  26.05 

269. 1 

277.9 

+  3-3 

6  , 

*t 

» 

I  26.98 

291.4 

287.0 

-  >.5 

18 

jf 

;  28.51 

301.6 

301.8 

oo 

4  , 

38.91 

17.25 

2 16. 1 

200.1 

-  74 

21 

41.61 

18.67 

1  208.C 

218.6 

-1-  4-8 

23 

n 

*  »» 

24.89 

1  272.8 

279.0 

+  2.3 

7 

n 

»> 

27.36 

311. 1 

3030 

-  2.6 

8 

iS4 

1  37w|o 

1  397.6 

1  413.5 

+  4.0 

The  consistency  of  the  results  of  the  application  of  the  formula  under 
widely  varying  proportions  of  boiler,  and  varying  rales  of  combustion, 
afibrds  evidence  of  the  correctness  of  the  principles  on  which  it  is  based. 

IVigun  Marine  JBcUer^  page  781. 

The  trials  of  this  boiler  -were  made -with  a  constant  grate  of  10.3  square 
feet  area,  and  a  constant  suiface  of  508  square  feet,  giving  a  scafiice.iatio 
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of  50.  The  average  results  of  the  trials  selected  for  the  pfesent  purpose, 
aie  placed  in  the  following  table,  together  with  the  quantities  of  >vater 
evaporated,  as  calculated  by  the  ibUowiog  formula  deduced  irom  the 
plotting  of  the  results: — 

«r  =  25  +  ro.75r   (13) 

Showing  a  smaller  constant  and  a  greater  multiple  than  the  formula  of  the 
Newcastle  boiler.  Substituting  for  25  the  general  expression  a  r%  and 
reducing  for  the  value  of  Wy  the  general  formula  is, 

«f =. ox       10.75  ^;   ('4) 

which  may  be  employed  ibr  different  surface-ratios. 

Table  No.  286. — Wigan  Marine  Boiler— Relations  of  Coal 

AND  Water. 


Grate  10.3  square  feet ;  surface-ratio  50. 


Dnournoii  or  Coaia 

Coal 
per  Foot 
of  Grate 

Water 

per  Pound 
of  Coal, 
from  and 
at  aia* 
Fahr. 

Total  Wa 
of  G 

^  Observed. 

ter  per  Squ 
rnue  per  li 

"  By' 
Fonaua 

(ij;- 

lare  Feet 

OMT. 

DifliMfeaoe 
FeMb. 

South  Lancashire  and  Cheshire  } 
coals — Mr.  Fletcher's  trials   ( 

South  Lancashire  and  Cheshire  \ 
coals— Messrs.  Nicol  &  Lynn...  ( 

Ibi. 

27.63 

27.50 
41.25 
28.83 
26.30 

lbs. 

11.54 

11.92 
11.36 
11.95 

13.44 

318.8 

1 

:  327.8 
i  468.6 

344.S 
325.9 

Dm. 

322.1 

320.6 
468.6 

334.9 
306.6 

percent. 

+  1.0 
-2.2 

ao 

-  2.8 

-6.0 

It  appears  from  this  table  that  the  South  Lancashire  and  Cheshire  coals, 
and  the  Newcastle  coals,  were  equally  efficient;  and  that  the  Welsh  coals 
had  a  sUghtly  greater  evaporative  action  than  the  others. 


ExpenmmUal  Marine  BoUery  Naoy  Yardy  New  Y»rky  U,S,f  page  795. 

This  boiler  iiffords  examples  of  ver>^  low  surface-ratios.  With  its  normal 
proportions,  10.8  square  feet  of  grate  and  150.3  square  feet  of  surface,  the 
surface-ratio  is  14.  When  the  flue-tnbes  were  stopped  off,  the  surftce-ratio 
was  only  4.31.  By  the  plotting  the  experimental  results,  reduced  for  a 
uniform  surfiu»>mtio  of  14,  the  following  formuU  was  derived 

fler= .0304  r*+  7.634  c  ( 15  ) 

It  is  seen  in  the  following  table,  that  the  calculated  evaporation  is  con- 
siderably in  excess  of  the  actual  reduced  evaporation,  in  the  extreme 
instances  of  the  flash-flue  and  the  small  surface-ratio,  4.21.  It  is  obvious 
that  such  dissimilar  cases  as  those  of  a  flash^ue  and  a  multitubular  boiler^ 
are  not  directly  comparable. 
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Table  Na  287. — ^Experimental  Marine  Boiler,  Navy  Yard,  New 
York— Relations  op  Coal  and  Water. 


\uyiag  gjnu-tntk  and  surface-ratio.   Calculntioiit  for  normal 

surface>ratto  14. 


1  ■■" 

1 

Coalper  Square  Foot 
of  Grata  per  Hour. 

Water  per  Square  Foot  of  Grate  per 

Uour,  lor  Noconl  Ratio  14. 

Index 
10 

Gcate- 

Suffao- 

1 

1 

R^iiiirrd  It! 

the  Ratio  of  i 

Calculated 

from 

am. 

the  Squares 

Reduced 

Column  5 

by 
Formula 

Difference 

A  fia«i»l 

01  uie  our* 

u>  the 

oy 
Ponmila. 

faoe-ratios. 
for  Normal 
Ratio  14. 

SaoM  Ratio. 

•quare  feet. 

—  ■ 

ratio. 

lbs. 

lbs. 

lbs. 

lbs 

X 

10.8 

4.21 

11.77 

1302 

865 

996.1 

+  15 

V 

n 

n 

16.57 

i83-» 

1083 

1400 

429.4 

w 

n 

-  i 

16.58 

183.3 

I  I  19 

I4OI 

•f  25.2 

A 

n 

5.57 

5-57 

51-63 

46.4 

- 10. 1 

B 

n 

n 

10.99 

10.99 

98.39 

87.7 

- 10.9 

C 

n 

If 

16.57 

16.57 

I3I.7 

130-3 

-  1.0 

D 

t» 

n 

32.10 

23.  ID 

173.5 

17X4 

0.0 

E 

n 

»> 

27.76 

27.76 

205.4 

215.5 

+  4.9 

I 

8.64 

17.24 

15 

9.88 

84-80 

79-3 

-  6.5 

L 

!  3^*84 

20.73 

13.66 

109.60 

108. 1 

-  1.4 

k 

6.48 

15 

S.64 

46.67 

47.0 

+  0.7 

>» 

1  " 

22.84 

lajo 

76.54 

82.5 

+  7.1 

K 

4-32 

34-03 

15 

2.54 

22.67 

233 

+  2.8 

N 

}* 

» 

27.58 

4,67 

33.81 

39-6 

+  i7 

IVt^an  Stationary  B oilers ^  page  771. 

The  data  afibrded  by  these  typical  boilers  are  specially  useful,  as  they 
represent  classes  of  boilers  in  general  use  in  England.  The  seversd 
c\j)crimental  results,  required  for  the  i>resent  purpose,  are  collected  in  the 
annexed  table.  The  first  two  are  the  results  for  flash-draughts,  for  which 
the  side  and  bottom  flues  were  cut  off,  and  the  gases  were  conducted  direct 
to  the  chimney  after  having  passed  through  the  tubes.  By  plotting  the 
coal  and  water  reduced  according  to  the  sciuaies  of  the  sur&ce-ratioSy  for 
a  uniform  ratio  of  30,  this  formula  was  obtained)—' 

«»  =  ao  +  9.56  r   ( 16 ) 

And  in  the  general  form,  for  various  ratios, — 

w  =  .0222r' +  9.56^   (17) 

By  the  formula  (  16  ),  the  quantities  of  water  in  column  6  of  the  table  No. 
388  were  calculated  from  the  reduced  coals  in  column  5. 

The  agreement  of  the  reduced  and  the  calculated  quantities  of  water 
(cohimns  6  and  7)  is  ver>^  close,  excepting  for  the  flash-draught 
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Table  Na  ^88. — VVigan  Statiunary  Boilers — Relation 

OF  Coal  and  Water. 

VaiyiDg  gnto-«fw  and  torftoMttto.    CalcMhtioin  fat  mdo  ja 


BoiuPiS 
(WMioiiK 


Galloway,  flae-tubes ) 

only  ( 

Lancashire,    flue-  ) 

tubes  only  ) 

GaUoway,  complete... 
Lancashire  and  Gal-  ( 

loway    ( 

Lancashire  

Do.   

Do  

Do.   with  water  ) 

tubes  \ 

Galloway  

Lancashire  and  Gal- } 

loway  j 

Lancashire  

Do  


1  ' 
'  C0.1l  per  Square  F  oot 

of  Orate  per  Hour. 

'   Water       Snuare  Foot  of 
Grate  per  Hour  for  Ratio  3a 

Grate- 
Area. 

Surface- 
ratio. 

AghmL 

Reduced  in 
the  Ratio 

of  the 
Squares  of 
the  Siirfare- 

ratios,  for 
Ratio 

Re 

1  duced 
in  the 
same 
Ratio. 

Calcu-  1 
latcd 
from 

>;  bv 
Formula 
f  16I 

Difference 
by  For- 
mula. 

(a) 
Rq.  feet. 

(3) 
ratio. 
13.70 

'Al 

lbs. 

18.58 

5) 
lbs. 

89.10 

',0 1 

lbs. 

1  757-3 

'7' 
Wis 

871.8 

per  cenL 
+  15.0 

14.74 

19.91 

8247 

1678.8 

8084 

+  iao 

w 

22.8 

18.3 

31.68 

'322.9 

332.9 

ao 

7  J 

23.5 

14.0 

22.82 

1 

230.4 

238.2 

+  3.4 

if 
if 
if 

24.4 

tt 
f» 

17.26 

18.6 

I9.I 

26.03 
38.12 
28.87 

271.5 
290.2 
2937 

268.8 
288.8 
296.0 

-  1.0 

-  0.5 
+  a8 

a 

254 

16.71 

23.31 

351.0 

242.8 

-  3.3 

21 

34-3 

21.8 

16.68 

■  179-6 

r79-5 

0.0 

35-5 

23.0 

16.43 

179.2 

177.1 

-  1.2 

n 
n 

36.5 
n 

21.5 
22.7 

14-52 

>5.33 

158.0 
1 65. 1 

158.8 
166.6 

-f-  0.5 
0.9 

Stationary  Boilers  in  France^  page  796. 

The  proportions  and  the  refluHs  of  performance  are  treated  in  the  foDow- 
ing  table.  The  following  special  formulas  have  been  deduced  for  the  tibree 
boilers  respectively,  and  for  the  three  collectively:^ — 

''Fairbaim"  w=.oii43r*  +  7.7  c  (18) 

Lancashire  «r  =  .oii86r*  +  8.or  (  '9) 

French   Ws.oii26r'  4-  8.0 r  (  20  I 

All  the  boilers  w  =  .oiiir'  +7.83^  (21) 

It  is  seen  that  the  same  formula  applies  to  the  Lancashire  and  the  French 

boilers;  and  that,  therefore,  Ae  reporters  of  the  trials  were  justified  in 
asserting  that  these  boilers  were  equally  efficient.  The  comparatively  inferior 
quantity  evaporated  in  the  first  trial  in  the  table,  resulted  probably  from 
an  excessively  large  sur])lus  of  air  admitted  into  the  furnace:  the  total 
quantity  of  air  in  that  instance,  amounted  to  261  cubic  feet  per  pound  of 
coal. 
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Tabic  No.  289. — Stationary  Boilers  in  France — Relations 

OP  Coal  and  Water. 


Calculations  of  evaporative  performance  for  surface-ratio  30.    Ronchamp  coal. 


1 

« 

Grate- 

Suifftce- 

Coal  per  Square  Fuot 
of  Grate  per  Hour. 

Water  per  Squnre  Foot  of  Grate 

per  Hour,  for  Surface-ratio  yx 

1 
1 

1  AcnwL 

1 

Reduced  in 
the  Ratio 

or  the 
.•vjuarcs  of 
the  Surface- 
ratios  for 
Ratio  30. 

1 

Kcduccu 
in  the 
|.  same 
Ratio. 

Calculated 
Irom  t-ol- 
umn  5,  by 
Formulas 

(ao). 

Difference 
by  For- 
mulas. 

sq.  fecL 

ratio. 

lb«. 

lbs. 

Iba. 

Iba. 

pvocsti 

"Fairi>airn"... 

aas 

49-5 

10.70 

3.93 

34.8 

40.7 

+  17 

i  18.53 

6.81 

1  62.7 

63-3 

+  0.9 

Lancashire  

»» 

39.8 

10.41 

10.55  1 

94.  J 

92.5 

-  1.7 

n 

>♦ 

y* 

1  19.15 

19.41 

165.0 

161.8 

-  1.9 

» 

»» 

»» 

1  19.50 

19.76 

166.8 

164.5 

-  1.4 

30.1 

1  11.36 

II. 14 

95-5 

97.1 

+  1.7 

w 

» 

19.87 

19.48 

165.4 

162.3 

- 

ft 

» 

n 

ao.57 

aai6 

166.6 

167.6 

4-  ao 

Locomotwe-BoiUrs,  page  798. 

The  experimental  trials  from  which  the  evaporative  performances  of 

locomotives  have  been  tabulated,  have,  of  course,  been  conducted  under 
various  conditions.  There  is,  nevertheless,  a  remarkable  degree  of  har- 
mony amongst  them,  for,  when  plotted,  they  are  seen,  with  a  very  few 
exceptions  of  early  date,  to  follow  the  laws  of  evaporative  performance 
already  enunciated.  Even  the  performance  of  the  boiler  of  the  primitive 
Killingworth  engine,  when  the  evaporative  efficiency  is  increased  by  one- 
half  to  represent  the  value  of  coke  compared  with  coal  as  impmecdy 
burned  in  that  boiler, — range  as  well  as  should  have  been  expected,  with 
those  of  other  locomotives.  In  &ct,  the  improved  KiUingworth  boiler 
exhibits  a  [)erfonnance  above  the  general  average. 

Using  good  coke  as  fuel,  the  evaporative  performance  of  locomotive- 
boilers  in  which  the  flue-tubes  are  spaced  siifhriently  apart  to  admit  of  a 
free  circulation  of  water  around  them,  is  subblaniially  enibrat  ed  by  the 
following  formula  when  the  surface-ratio  is  75,  which  is  a  good  practical 
ratio: — 

urs  100  -¥  7.94^  (coke)  (  23  ) 

For  any  given  surface-ratio,  the  general  formula  is, — 

w  =  .oi78r'  +  7.94^  (coke)  (  23  ) 

Using  good  coal  as  fuel,  the  formulas  for  the  coal-burning  locomotive 
boilers  in  table  Na  280,  page  799;  namely,  Nos.  31-34,  and  Nos.  39-41, 
are: — 

Nos.  31-34,  S.  E.  R.         No*.  39-41.  L  &  S.  W.  R. 

For  surface-ratio  75,  a/  =  50  +  9.6^  w=  50  +  9.82 f  (  24 ) 

For  any  surfoce-ratio,  w  « .009^*  4-  9.6^  w  -  .009 r*+ 9.83^...  (25) 
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JMabU-Etigine  Bailers^  page  8oi. 

These  boilers  are  arranged  in  the  table  No.  290,  in  the  order  of  the  sur&ce* 
ratios.  The  coal  and  the  water  per  square  foot  of  grate  are  reduced  for  the 
ratio  50  (columns  5,  6),  from  which  has  been  deduced,  by  plotting,  the  for- 
mula,—- 

«0=2o+   (  24) 

For  any  given  sur&ce-iatio,  the  general  formula  is, — 

w^.ooSr'  +  8.6^  (  25  ) 

The  calculated  quantities  of  water  (column  7),  by  formula  ( 24 follow 
closely  the  reduced  quantities  (column  6),  eaccept  in  the  first  three  instances^ 

Nos.  12,  I,  and  8,  where  they  are  much  in  excess.  In  these  instances,  the 
excessive  reduction  of  the  grate  has  involved  a  material  departure  from  the 
normal  disposition  of  a  firebox,  especially  for  No.  8,  in  which  the  grate  was 
reduced  to  a  third  of  its  normal  area.  The  surface-ratios  were  driven 
up  to  102,  94.5,  and  89.  The  first  two  boilers,  Nos.  12  and  i,  have  the 
greatest  numbers  and  the  smallest  diameters  of  tubes.  The  drift  of  the 
evidence  goes  to  show  that  fewer  tubes,  of  larger  diameter,  do  better  for 
the  combustion  of  coal,  the  circulation  of  water,  and  the  absorption  of  heat 
There  is  another  exception,  No.  3,  with  a  surface-ratio  33,  in  which  the 
caU  ulated  quantity  of  water  is  twice  as  much  as  the  reduced  actual 
quantity.  The  excess  in  this  case  is  satisfactorily  accounted  for  by  causes 
which  were  pomted  out  by  tlie  judges  in  their  report' 

Table  No.  290. — Portable-Engine  Boilers: — ^Relations 

OF  Coal  and  Water. 


CalcuIatMNii  of  evaporative  perfisniiance  for  saiiaoe-rKtio  5a 


No  of 
Boiler. 

Grate- 

area  as 
Reduced 
fur 
TriaL 

Siirf.-»ce- 
rauos. 

Coal  per  Square  Foot 
of  Grate  per  Hour. 

Water  per  .Square  Foot  of  Grate 
per  Hour  for  Surface-ratio  50. 

Actual 

Reduced  in 
the  Ratio 
of  the 

Square*  of 
the  Siirfacc- 

r.itii  .s  for 

Ratio 

Reduced 
in  the 
s.'xnie 
Ratia 

Calculated 
from  Col- 
umn 5,  by 
Fonnula 

{m\ 

Differerjce 
by  For- 
mala. 

(1) 

(a) 

(3) 

(4) 

5) 

(6) 

(7) 

(S) 

sq.  feet. 

ratio. 

lb*. 

lbs. 

lb«. 

lbs. 

per  cent. 

12 

2.0 

102 

31. 1 

7-473 

69.28 

84.27 

-f  21.6 

I 

1  157 

4.395 

44.96 

57.80 

•1-  28.5 

8 

2.37 

20.4 

5.73 

60.1 1 

69.28 

-1-  15.2 

2 

3.2 

69 

12.8 

6.721 

79-5' 

77.80 

-  2.1 

If 

n 

12.5 

6.564 

77.52 

76.45 

-  1.4 

10 

54 

20.7 

17.75 

176.2 

172.6 

-  2.0 

6 

3.2 

50 

9.53 

9^53 

103.8 

102.0 

-  1.7 

4 

3-75 

45 

10.32 

12.72 

'  140. 1 

129.4 

-  7.6 

7 

:  4.7 

34 

13.0 

28.11 

262.3 

261.7 

-  0.2 

33 

i  I4-S 

33-97 

1559 

312.10 

-1-  100.0 

"1 

1 

1  13.6 

Sajo 

45 1. 1 

452.6 

+  a3 

'  "The  engine  was  indifferently  managed."  .  .  .  **It  would  appear  that  the 
boiler  did  about  one-haU^  or  rather  less  than  one-hali^  its  duty  in  making  steam." — R^ort 

oj  iht  Jud^a^  page  17. 
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Looking  to  the  evaporating  capabilities  of  the  portable-engine  boilers  in 
their  ordinary  condition,  with  unrestricted  grates,  it  may  be  useful  to  show 
at  Vhat  rates  they  are  capable  of  evaporating  water  from  and  at  212% 
in  the  ratio  of  10  lbs.  of  water  per  pound  of  coal  consumed.  For  the 
calculation  of  these  imte8»  the  fonnula  (  9 ),  page  807,  may  be  employed. 
It  is, 

  (26) 

E-B  ^  ' 


The  value  of  E  is  10,  of  B  is  8.6,  and  of  a  is  .008;  and,  by  substitution. 


.008  r» 

10-8.6' 


,    .008  r-  >  . 

^=    (27) 

1.4 


By  this  formula,  the  value  of  r,  the  quantity  of  coal  consumed  per  square 
foot  of  grate  per  hour,  is  found,  when  the  surface-ratio  r  is  given,  for  each 
boiler.    Thence,  multiplying  by  the  grate-arca,  is  found  the  total  quantity 

of  coal  per  hour;  and  ten  times  the  coal  is  the  quantity  of  water.  In  this 
way  the  following  table,  No.  291,  is  calculated;  in  which  the  boilers  are 
placed  in  the  order  of  their  surface-ratios.  It  is  seen  that  No.  2  boiler  is 
capable  of  evaporating  at  the  given  rate  of  efficiency,  8.15,  say  8,  cubic  feet 
of  water  per  hour.  This  is  just  i  cubic  foot  per  nominal  horse-power:— 
all  the  boilers  having  been  designated  of  8  horse-power.  Na  11  boilei 
would  only  evaporate  3  cubic  feet  per  hour,  at  the  given  rate  of  efficiency, 
whilst  No.  I  is  capable,  by  calculation,  of  evaporating  16^  cubic  feet 
per  hour.  It  has  already  been  seen  that  there  is  reason,  in  the  design 
of  its  til  he-surface,  for  doubting  whether  No.  i  is  capable  of  so  good  v 
performance. 

Standard  Average  Practice  for  Portable-Engine  Boilers. — The  last  line  ot 
the  table  No.  291  may  be  assumed  as  a  standard  result  of  average  practice 
for  portable-en|;ine  boilers  of  8  nominal  horse-power.  The  following  data 
may  be  taken,  m  round  numbers: — 


Nominal  horse-power,   8  H.P. 

Area  of  firegrate,   5.5  square  feet« 

Area  of  heating-surface,   aaao  „ 

Ratio  of  heating-8ui&ce  to  gratenarea,  or  surface-  \  40  to  i 

TtltlO,  •••••••••  I 

Coal  of  good  quality  consumed  i)er  hour   50  lbs. 

Do.  per  horse-power  per  hour,   6.25  lbs. 

Do.  per  square  foot  of  grate,  ...say     9  lbs. 

Water  evaporated  from  and  at  2 1 2°  F.  ] 

per  hour,  at  the  rate  of  10  lbs.  per  \  500  lbs.,  or  8  cubic  feet 

pound  of  coal,  j 

Do.       per  hoise-power,        62.4  „  or  i  „ 

Do.       per  square  foot  of ) 
giate,  91  lbs.,..^....T:.  say  f  9°        or  1.45  » 
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Table  No.  391. — ^Portablb-Engime  Boiuers: — Calculated 
Evaporative  Performance. 

From  and  at  212^  F.,  at  the  rate  of  lo  lbs.  of  water  per  poand  of  eooL 


No.  of  Boiler. 


I 

10 

6 

4 

2 

12 

9 
7 
3 

i 

II 


Surface - 
ratio. 


ratio. 
64 

54 
50 
45 
41 
37 
35 
34 
33 

31 
29 

26 


Graie-ONB. 


Averages, 


To  evapor-' 
ate  8  cubic 
feet  of 

water  per 
hour,  


40 


40 


square  feet. 
4.4 

3-5 

3-2 

3.75 

5-3 

5.5 

4.3 

4.7 

51 
6.13 

7.2 

5.0 

4.84 


5-46 


Coal  Coraumed  por 

Hour. 

Per  S(]iiare 

r  mil  of 

XotaL 

Grate. 

lbs. 

lbs. 

23.40 

102.96 

16.66 

58.31 

14.30 

4576 

11.57 

4324  1; 

9.60 

50.88 

7.82 

43.01 

7.00 

30.10 

6.60 

31.02 

6.22 

3172 

5.50 

3371 

4-23 

30-45  , 

3-86 

1930  1 

9.14 

\ 

44.24 

9.14 

49^ 

I 


Total  Water  Evaporated 
per  Hour. 


lbs. 
1029.6 

583.1 
457.6 

432.4 
508.8 
430.1 
301.0 
310.2 
317.2 

337-1 

304.5 
193.0 

442.4 


499.2 


cubic  feet. 
16.50 
9-34 

7-33 

6.93 

8.15 

6.89 
4.82 

4.97 

5.08 

5.40 
4.88 

3.09 
709 


8/> 


General  Formulas  for  Practical  Use. 

Tiy  the  French  experiments  with  stationary  boilers,  the  Lancashire  and 
French  boilers  were,  by  the  formulas,  page  812,  identical  in  performance; 

and  the  so-called  "Fairbaim"  boiler  was  nearly  as  effective  as  these, — 
within        pt^r  cent.    The  three  forms  of  l)oiier  may,  therefore,  be  accepted 
as  e<iiial]y  efficient;  and  they  may  be  clas.sed  with  the  Wigan  boiler,  as  of 
equal  efliciency,  with  the  same  coal,  and  with  the  same  management. 

The  peifonnance  of  the  Howard  boiler,  likewise,  is  conformable  to  the 
formula  for  the  Wigan  boiler;  and  the  Howard  boiler  is  a  t}pe  of  the 
"  sectional  "kind  of  boilers. 

The  formula  for  the  Wigan  boiler  is,  therefore,  applicable  to  all  stationary 
boilers,  other  than  multitubular,  with  good  coal  and  good  management 

The  i)erfonnancesof  the  Newcastle  and  the  Wigan  marine  boilers,  are  nearly 
alike.  Thus,  for  a  surface-ratio  30,  the  corresponding  quantities  of  water, 
7i',  for  d liferent  rates  of  coal,  per  square  foot  of  grate  per  hour,  are  as 
follows: — 

Coal,   10        20        30        40  lbs. 

Newcastle  boiler,   tc^     116.5    213.6    310.7    407.8  „ 

Wigan  boiler,   7£/==     116.5    224.0    331.5    439.0  „ 

Differences,   w-       0.0      10.4     20.8     31.2  „ 

Less  than  Wigan,...  0.0      4.6      6,3       7.1  per  cent 
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Halve  tbe  difierence,  and  take  a  mean  of  the  fonunUis;  the  mean  will 
be  a  satis&ctoiy  general  fonnula  for  marine  boilers: — 

Newcastle,         a*  -  .02156    + 9.71  r 

Wigan,   w  =-  .01  /•  +  10.75  ^■ 

Mean,   .016  r' +  10.25  c    (28) 

For  coal-burning  locomotive  boilers  a  mean  of  the  two  formulas  adduced, 
page  813,  which  are  nearly  identical,  will  be  a  satisfactory  formula: — 

S.  K.  Railway   7^' -  .009  r-"  +  9.6 

L.  «Sc  S.  W.  Railway,  w  -  .009     +  9.82  c 

Mean,  «er  =  .oo9  r*+9.7^    (29) 

The  general  formulas  which  have  been  deduced  are  here  collected  to- 
gether:— 

Formulas  for  the  Ktiation  of  Coal  and  Water  cotisumed  in  Stea m-boilers  per 
square  foot  of  pate-area  per  hour^  and  the  ratio  of  the  heat m^-surf ace  io 
the  area  of  the  fire-grate. 

Water  taken  as  evaporated  Trr^m  and  at  ata*  F. 

Stationary  Boilers,   7t'  ^  .0222  r  +  9.56  c   (  30  ) 

Marine  Boilers,   w=  .016  r^^- 10.25  r   (  3'  ) 

Portable-engine  Boilers,.,  w-  .008        8.6  r    (32) 

Locomotive  Boilers )  , .   ,  . 

(coal-buming),;      ^=  97^    (33) 


Locomotive  Boilers 
(coke-burning). 


3 ) 

z<:/  =  .0178  r-+  7.94^   (34) 


limiis  to  the  ApplieaHm  of  the  Formulas  (  30 )  /i9  ( 34  ). 

There  are  minimum  rates  of  consumption  of  fuel  below  wliich  these 
formulas  are  not  applicable.  The  limit  varies  for  each  kind  of  boiler,  and 
it  varies  with  the  surface-ratio.  It  is  imposed  by  the  fact  that  the  maximum 
evaporative  power  of  fuel  is  a  fixed  quantity,  and  is  naturally  at  that  point 
of  the  scale,  say  E  in  Fig.  339,  page  807,  where  the  reduction  of  tin-  rate 
of  combustion  for  a  given  ratio,  procures  the  absorption  into  the  boiler  of 
the  whole  of  the  proportion  of  the  heat  which  is  available  for  evaporation. 
In  the  combustion  of  good  coal  the  limit  of  cvaj)orative  efficiency  may  be 
taken  a-s  measured  by  12 lbs.  of  water  from  and  at  212  \.  \  and  in  that 
of  good  coke  by  12  lbs.  of  water  from  and  at  212'  F.  The  doited  line 
E  A,  Fig.  329,  represents  the  correct  course  of  the  diagram  towards  the 
zero  point,  indicating  a  constant  proportion  of  12.5  ^,  for  coal;  or  te- 
la   for  coke. 

To  ascertain  the  minimum  rates  of  combustion  of  coal  for  stationary 
boilers,  to  which  the  formula  (  30  )  applies: — The  limit  is  reached  when  w 
becomes  equal  to  12.5^;  or  when  i2.5<:===.o222r''  +  9.56^,or.o222r*=(i2.5- 

0.56)  ^  =  2.04.^.  By  reduction,  c  =  *- '  ^  ^  r*  =  .00755      For  a  given  sur&ce- 

2.94 
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ratio  r,  the  limiting  value  of  ^  is  found  by  multiplying  the  square  of  the 
ratio  1^  00755. 

For  the  other  kinds  of  boiler,  the  limiting  values  of  ^  are  found  in  the  same 
way.   They  are  here  placed  all  together: — 

Stationar)  boilers,                       limiung  value  of  00755 r'. 

Marine  boilers                                  „           „  -  .007  r*. 

i^orubk-engine  boilers,                     „          „  =.002 r*. 

Locomotive  boilers  ^cool-lniming),      „         „  .00325  r* 

„          „    {coke-burning),      „         „  s.oo44r*. 

For  lower  values  of  ^,  or  consumptions  of  fuel  per  square  foot  of  grate  per 
hour,  the  values  of  w,  the  corresponding  quantities  of  water,  are  simply 
13.5  c  for  coal,  and  12  <  for  coke. 

The  annexed  table,  No.  392,  contains  the  limiting  values  of  c  for  given 
surface-ratios  r. 


Table  No.  393. — Minimum  Values  of  or  Minimum  Quantities  of 
Fuel  Consumed  per  Square  Foot  of  Grate  per  Hour,  for 
given  Surface-Ratios,  to  which  the  Formulas  ( 30 )  to  (  34  > 
ARE  Applicable. 


SWAd-KATKM. 


5    1  -o 

1  '5 

1  20 

1  40 

1  5° 

B»i—w—  GODSumpti 

on  of  Fuel  per  San 

■ra  Foot  of 

Grate  per  Hour. 

lb. 

lb. 

n». 

Ibi. 

tbi. 

lbs. 

.2 

.7 

1-7 

30 

6.8 

I2.I 

18.9 

.17 

.7 

1.6 

2.8 

6.3 

I  1.2 

17.5 

•OS 

.2 

.4 

.8 

1.8 

3-2 

LocomoCive  (coal-burning),. 

.1 

.3 

.7 

1.3 

2.9 

5-2 

1.1 

Do.  (coke^bunung), 

.1 

4 

1.0 

1.8 

4.0 

7.0 

tl.O 

SuHaoeH 

60 

70 

75 

80 

100 

Locomotive  (coal-burning),. 

1 1.7 

15.9 

18.3 

20.8 

26.3 

32.5 

Do.  (coke-burning), 

16 

21 

25 

28 

36 

44 

The  only  limit  to  the  application  of  the  formulas  (  30  )  to  ( 34 ),  to  ascend- 
ing values  of  or  quantities  of  fuel  per  square  foot  per  hour,  is  the  limit  of 
endurance  of  the  fuel  itself  under  the  action  of  the  draught: — from  100  lbs. 
to  1 20  lbs.  per  square  foot  per  hour,  for  ordinary  hard  coal  or  coke.  Beyond 
this  limit,  the  fuel  is  li.ible  to  be  shaken  and  partly  dis]>ersed,  unconsumed, 
by  the  force  of  the  draught ;  although  coke  has  been  known  to  withstand 
the  draught  of  a  locomotive  when  consumed  at  the  rate  of  130  lbs.  per 
square  foot  per  hour. 
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Table  No.  293. — Evaporativb  Performance  of  Steam-Boilers,  vor 
Increasing  Rates  of  Combustion  and  Different  Surface-Ratios. 

For  best  coal  and  best  coke ;  surface-ratio  3a 


Kiiid  of  Boiler, 
ana  r  ueL 

Water  from  and  at 
aia*  F.  per  Hour. 

FtadpcrSqa 
1    5    1  10 

aie  Foot 

'* 

oTGiBle 
20 

per  Hon 
30 

IT,  iapov 

50 

Stationary,  coal, 
fonDiilft(30). 

Per  square  foot 
Per  lb.  of  ooal 

1  lbs. 

1  62.5« 

lbs. 
116 

11.56 

lbs. 

»63 
10.  $9 

lbs. 
211 
10.56 

lbs 

307 
10,23 

lbs. 

402 
10.06 

ll)S. 

498 

49.96 

Marine,  coal,  for- 
mula  (31). 

Per  square  foot 
Per  lb.  of  coal 

02.5' 
12.S 

117 
11.69 

168 
11.25 

219 
10.95 

322 
10.69 

424 
10.61 

527 
10.54 

Portable,  coal, 

formula  (32 ). 

Per  square  foot 
Per  lb.  of  coal 

50 

'  10 

93 

9-3 

136 

9.01 

179 

8.95 

265 

8.83 

8.77 

^37 
8.74 

Locomotive  (coal- 

buming), 
formula  ( 33 ). 

Per  square  foot 
Per  lb.  of  coal 

1  57 
11.4 



105 

10.5 

154 

ID.  26 

202 
10.  10 

299 

9-97 

396 
9.90 

493 
9.86 

Ixieonnotifc  (coke- 

boming), 

formula  ( 34 ). 

Per  square  foot 

Per  lb.  of  coke 

1  56 
II.  14 

95 

9-54 

135 

9.02 

175 

8.75 

254 

8.47 

334 

8-35 

413 

8.03 

Snr&oe-ntio  50. 

Kind  of  Boiler, 
and  Fuel 

Water  fron  and  at 
at**  pv  Boor. 

Fue 

5 

1  per  Squ 
10 

tare  Foot 

of  Grate  per  Hoi 

20    1  30 

ir,  in  pou 
40 

nds. 

SO 

Stationary,  coal, 
formula  (30). 

Per  square  foot 
Per  lb.  of  coal 

lbs. 

62.5* 

I2.S 

lbs. 
125* 

"5 

lbs. 

187.5* 
12.5 

lbs. 

247 
12.33 

lbs. 
342 
11.41 

IbA. 

438 
10.95 

lbs. 

534 
10.67 

Marine,  coal,  for- 
mula (31). 

Per  square  foot 
Per  lb.  of  coal 

62.  s* 
ia.5 

125' 

12.5 

187. 5» 
ia.5 

245 
12.25 

348 
11.58 

450 
11.25 

552 
li.05 

Portable^  coal, 
fonmda  (33). 

Per  square  foot 
Per  lb.  of  ooal 

I2.S 

106 

ia6 

149 
9-93 

192 

9.6 

278 
9.27 

364 

9-lQ 

450 
9.00 

Locomotive  (coal- 
burning), 
fotmnk  (33). 

Per  square  foot 
Per  lb.  of  ooal 

62.5* 
12.5 

120 
11.95 

1 68 
11.20 

217 

10.85 

314 

10.45 

411 
10.26 

508 
10.15 

Locomotive  (coke- 
burning), 
formula  (34). 

Per  square  foot 
Per  lb.  of  coke 

6o* 
12.0 

120* 
12.0 

164 
10.91 

203 
10.16 

283 
9.42 

362 
9.05 

442 
8.83 

Suiftce*ratios  75. 

Kind  of  Boiler, 
and  Fud. 

Water  from  and  at 
9ta*  per  Hour. 

Fue 
30 

1  per  Squ 
40 

larc  Foot  of  Grate 

SO  60 

per  Hoi 

75 

ir,  in  pou 

ibe. 

927 
ia26 

nds. 
ICQ 

Locomotive  (coal- 
burning), 
fommbt  (33). 

Per  square  foot 
Per  la  of  coal 

Ibt. 

342 
11.39 

Iba 

439 
10.97 

lbs. 

536 
10.71 

lbs. 

io?l5 

the. 

778 
10.37 

Ibe. 

1020 
10.20 

LocomotiYe  (coke- 
burning), 
formula  ( 34 ). 

Per  square  foot 
Per  lb.  of  coke 

338 
11.27 

418 
ia44 

497 
9.94 

576 
9.61 

9.26 

8iS 
9.05 

894 
8.94 

'  These  qoantides  iali  below  the  scope  of  the  formulas  for  the  water,  as  explained  in 

the  text. 
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ApPUCATIONS  op  the  GiNBRAL  FORMUUkS  FOR  THE  BVAPORATITK 

Performance  of  Stsam-Boilers. 

The  table  No.  293,  preceding  page,  contains  the  zelative  quantities  of  fuel 
consumed  and  water  evaporated,  for  surface-ratios  and  rates  of  combustion 
per  square  foot  of  grate  per  hour,  within  the  range  of  ordinary  pcactice.  It 
is  seen  that,  with  the  surface  ratios  50  and  50,  Uie  boilers  are  in  the  order 
of  evaporative  efficiency  as  follows: — 


Si;rpac»>iiatio  jo. 

Marine. 
Stationary. 

Locomotive  (coal-burning). 
Portable. 

Locomotive  (coke-burning). 


SURPACB-KATIO  9a 

Marine. 
Stationary. 

Locomotive  (coal-buming). 

Do.  (coke-buming). 
Portable. 


Table  No.  294. — Equivalent  AVkigh  ts  of  Best  Coal  and  Inferior  Fuels. 
To  be  used  with  fonuolas  ( ^ )  to  (  34  ),  page  817. 


Relative 
Heating 
Power. 

Equivalent 
Weight 
of  lic&t 

CoaL 

Equivalent 
Weight  of 

I  nfisnor 

FueL 

Kciative 
Heating 
Power. 

Equivalent 
Weight 
of  Best 

OmL 

Elauivalciit 
Weight  of 

Fud. 

1 

Kclative 
Heating 
Power. 

Equivalent 

Weight 

Go«L 

Equivalem 

Weight  of 

1  iiicnvi 

FueL 

best  coil-i. 

- 

best  aMl=i. 

beatcoala-i. 

best  coal<=i 

100 

I 

I. 

70 

.70 

1.43 

40 

.40 

2.50 

99 

I.OI 

69 

.69 

1.45 

39 

.39 

2.56 

9« 

.98 

1 .02 

Oo 

.00 

1.47 

38 

•38 

2.63 

07 

Q7 
•V/ 

67 

67 

17 
Of 

■  j/ 

Aft  t  KJ 

06 

q6 

1.04 

66 

66 

-.70 

95 

•95 

1.05 

65 

.65 

1.54 

35 

.35 

2.86 

94 

.94 

1.06 

64 

.64 

1.56 

34 

.34 

2.94. 

93 

•93 

I  dR 

03 

•03 

1.59 

33 

•33 

3-03 

92 

.92 

1.09 

62 

.62 

1.61 

32 

.32 

3->3 

I  10 

61 

6t 

I  (\A 

■a  I 
•3* 

3-23 

90  • 

.90 

I.I  I 

60 

.60 

1.67 

30 

•30 

3-33 

89 

.89 

1. 12 

59 

•59 

1.69 

29 

.29 

3-45 

88 

.88 

1. 14 

58 

.58 

1.72 

28 

.28 

3.57 

87 

.87 

1. 15 

57 

•57 

1-75 

27 

.27 

3.70 

86 

.86 

1. 16 

56 

.56 

1.79 

26 

.26 

3.85 

85 

■85 

1. 18 

55 

.55 

1.82 

25 

■25 

4.00 

84 

.84 

1. 19 

54 

•54 

1.85 

24 

.24 

4-17 

83 

.83 

1.20 

53 

.53 

1.89 

23 

•23 

4.35 

82 

.82 

1.22 

52 

.52 

1.92 

22 

.22 

4.55 

81 

.81 

1.23 

51 

•51 

1.96 

21 

.21 

4.76 

80 

.80 

1.25 

50 

.50 

2.00 

20 

.20 

5.00 

.79 

1.27 

49 

2.04 

5.27 

7^ 

.78 

1.28 

48 

.48 

2.08 

ii 

5.56 

77 

.77 

1.30 

47 

.47 

2.13 

17 

•17 

5.88 

76 

.76 

1.32 

46 

.46 

2.17 

16 

.16 

6.25 

75 

•75 

1.33 

45 

.45 

2. 22 

15 

•15 

6.67 

74 

.74 

1-35 

44 

.44 

2.27 

14 

.14 

7.14 

73 

.73 

1.37 

43 

•43 

2-33 

'3 

•u 

7.69 

72 

.72 

1-39 

42 

42 

2.38 

12 

.12 

833 

71 

7" 

1.41 

41 

41 

2.44 

II 

.11 

9.09 

10 

.10 
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Portable-engine  boilers  are  clearly  inferior  in  efficiency  to  coal-burning 
locomotive  boilers,  and  they  may  be  constructed  like  these  with  sensible 
advantage. 

Em^ypunt  of  the  Formulas  (  30  )  (  34  )  for  JFitels  of  Ifrferior  Heating 
P4iwer. —  ist  To  find  the  evaporative  performance  of  a  given  weight  of 
inferior  fuel,  per  square  foot  of  grate  per  hour.  Substitute,  for  the  given  weight 
of  inferior  fuel,  the  equivalent  weight  of  best  coal,  and  find  by  the  formula 
the  water  evaporated. 

The  equivalent  weight  of  best  coal  is  found  by  multiplying  the  weight 
of  inferior  fad  by  the  number  in  column  a  of  die  table  No.  294,  opposite 
the  relative  heating  power  of  the  inferior  fuel 

2d.  To  find  the  weight  of  an  inferior  fuel  required  for  a  given  evaporative 
peiformance.  Find,  by  the  formula,  in  its  inverted  form,  on  the  model  of 
the  equation  (  9  ),  page  807,  the  weight  of  best  roal  required,  and  substitute 
for  this  weight  the  equivalent  weight  of  the  inferior  fuel. 

The  equivalent  weight  of  inferior  fuel  is  found  by  multiplying  the  weight 
of  best  coal  by  the  number  in  column  3  of  the  table,  opposite  the  relative 
heating  power  of  the  inferior  fuel. 

A  ts&le  of  relative  heating  powers  of  fuels  is  given  at  page  769. 
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ACTION  OF  STEAM  IN  A  SINGLE  CYLINDER. 

Pressure  of  Steam  di  ring  Expansion  in  a  Cylinder. 

When  steam  is  admitted  to  a  cylinder  during  a  portion  of  the  stroke,  then 
cut  oft",  and  expanded  in  the  cyHnder,  upon  the  piston,  for  the  remainder  of 
the  stroke,  the  pressure  on  the  piston,  during  the  period  of  admission,  is  or 
ought  to  be  uniform,  whilst  the  pressure  during  the  period  of  expansion 
fiills  as  the  piston  advances  and  the  steam  expands.  In  engines  in  good 
working  order,  the  expansion  follows  substantially  the  law  of  Boyle,  or 
Mariotte,  according  to  which  the  pressure  falls  in  the  inverse  ratio  of  the 
expansion.  Substantially,  it  is  said,  for  the  actual  changes  of  pressure  seldom 
follow  the  law  exactly.  The  pressure  usually  falls  more  rapidly  in  the  first 
I)orti()n  of  the  expansion,  and  less  rapidly  in  the  last  portion,  than  is  indi- 
cated by  the  law  of  the  inverse  ratio;  and  thus,  the  final  pressure  may  be, 
and  it  usually  is,  greater  than  that  which  would  be  deduced  from  the  ratio 
of  expansion.  Sit  the  fulness  of  the  expansion-curve  depicted  on  the 
indicator-diagram,  near  the  end,  compensates  for  the  hoUowness  near  the 
beginning;  and,  sinking  details,  it  is  found  that,  practically,  the  area  bounded 
by  the  curve  is  equal  to  that  which  would  be  bounded  by  a  hyperbolic 
curve  formed  according  to  Mariotte's  law.^ 

It  is,  therefore,  assumed,  for  purposes  of  illustration  and  the  calculation  of 
])0\vcr,  that  the  exjiansion  of  steam  in  the  cylinder  takes  place  according  to 
Mariotte's  law:  the  curve  representing  the  diminishing  pressures  due  to 
the  increasing  volume  being  a  portion  of  a  hyperbola. 

To  formulate  the  method  of  describing  a  hypeii>o]ic  curve  of  expandon 
over  a  given  base-line: — 

Let  L  =  the  length  of  the  stroke,  in  feet,  supposing  that  there  is  not  any 

clearance. 

/ -  the  period  of  admission,  or  the  cut-off,  in  feet. 
J  9- any  greater  part  of  the  stroke  measured  from  the  commencement,  in 
feet 

P= the  total  initial  pressure,  in  pounds  per  square  inch. 

Fsthe  total  pressure  in  pounds  per  square  inch,  at  the  end  of  a  given 

part  of  the  stroke  s. 
V  =  the  total  final  pressure,  or  the  pressure  at  the  end  of  the  stroke,  in 
pounds  per  square  inch. 

*  Mr.  David  Thonnon  arrived  at  the  nme  ooMiBrioii  in  Ua  exodlent  paper  *'  On 
Compound  Engines,"  in  the  Prtemiktgt  4^  ike  Lomim  AuodoUm  itf  Ftrmm  £9tghuert^ 
September,  187^ 
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Then 


(I) 


expressed  by  the  following  rule:— 

Rule  i.  To  find  the  pressure  at  any  point  of  Uu  period  of  expansion  wiien 
the  imtial  pressure  is  given, — Multiply  the  initial  pressure  in  pounds  per 
square  inch  by  the  period  of  admission  in  feet,  and  divide  the  product  by 
the  distance  of  the  given  point  from  the  beginning  of  the  stroke.  The 
quotient  is  the  pressure  in  pounds  per  square  inch. 

The  pressure  F  may  also  be  found  from  the  final  pressure  P''  by  the 
formula 

p"-^^  (») 

giving  the  rule: — 

Rule  2.  To  find  the  pressure  at  any  point  of  tJie  period  of  expansion  when 
the  final  pressure  is  given, — Multiply  the  final  pressure  in  pcunds  per  square 
inch  by  the  length  of  the  stroke,  and  divide  &e  product  by  the  distance  of 
the  given  point  firom  the  beginning  of  the  stroke.    The  quotient  is  the 

pressure  in  pounds  per  square  inch. 

Note. — When  there  is  clearance,  it  is  to  be  reckoned  in  parts  of  the  stroke, 
and  added  to  the  values  of  L,  /,  and  j,  before  using  these  for  calculation. 

Let  the  base-line  /////,  be  the  length  of  the  stroke,  say  6  feet;  mc  the 
initial  pressure,  say  63  lbs.  j  cd  the  period  of  admission,  say  one-third  of 
the  stroke.  Suppose,  for  simpli- 
city, that  there  is  not  any  clear- 
ance. Drawtheperpendiculari/^', 
from  the  point  of  cut-off,  and 
divide  the  period  of  expansion  d'n 
into  any  suitable  number  of  parts, 
say  10  parts,  at  the  points  i,  2, 
3.  &c.  Calculate  by  the  rule  the 
several  pressiures  at  the  points 
I,  2,  3,  &c,  and  set  them  off  by 
the  scale  of  pressure  on  vertical  ordinates  from  the  points ;  the  curve  dg 
traced  through  the  ends  of  the  ordinates  is  the  hyperbolic  curve  of  expansion. 
At  the  successive  pomts  of  the  base  of  the  expansion-line,  which  are, — 

d',    I,    a,    3,     4,     5,     6,     7,     S,      9,  n, 

the  values  of  the  ordinates,  or  pressures,  are — 

^3*  52.5.  45.  39-4,  35»  3T-5.  28.6,  26.1,  24.2,  22.5,  2 1  lbs.  per  sq.  in. ; 
or,  putting  the  initial  pressure  =  i,  they  are  relatively  as 

1.  .833».7i4».625»-555>-5oo»  -45S»-4i7»         -SS?*  .333- 

The  extreme  ordinate  ng  is  thus  found  to  be  a  third  of  dd\  or  21  lbs., 
and  the  ordinate  No.  5  is  a  half,  or  31.5  lbs.  .As  an  example  of  the  cal- 
culations for  an  ordinate,  take  No.  2.  The  period  of  admission  is  2  feet,  the 

divisions  of  the  base  of  escppmsion  are     foot,  and  the  length  m  2  is  3.8  feet; 

TO 

then,  by  the  rule,  the  pressure  measured  by  No.  2  ordinate,  is, — 

2.8  feet 


me  t  r  4  s  4-  4  z  1 


Fig.  330.— Construction  of  a  Hyberbolic  Curve. 
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STEAM  ENGINE — SINGLE-CYLINDER. 


The  calculation  may  generally  be  simplified  by  taking,  as  a  datum,  the 
length  of  stroke  - 1.  In  this  instance,  the  period  of  admission  would 
^  ~  'S$3f  ^  period  of  expansion  » .666,  and  each  tenth  division  =  .0666. 
By  the  rule, 


63  lbs.  X.333  21 
•333  +  (.0666  X  2)  .467 


=45 


as  before. 

To  illustrate  generally  the  application  of  the  hyperbolic  law  of  expansion, 
showing  that  the  product  of  the  j.ircssure  and  the  volume  at  any  point  of  the 
expansion-cur\  c  is  constant,  let  tiie  base-line  a  h  represent  the  course  of  a 
piston  in  a  cylinder,  and  the  volume  described  by  it.  Sup- 
posing that  there  is  no  clearance,  let  steam  of  10  lbs.  total 
pressure  a  c,  be  admitted  for  a  space  i  foot  in  length,  a  d. 
The  rectangle  a  e  is  the  product  of  the  pressure  and  volume 
of  the  steam  admitted.  If  expanded  to  the  double  volume 
A  and  to  half  the  pressure  iff,  the  area  of  the  elongated 
rectangle  xc  i^  e(|ual  to  that  of  the  initial  rectangle  a  e. 
Expanding  furihct.  to  four  volumes  Ad',  and  to  the  fourth 
part  of  the  initial 
pressure,  /f  e\  the 
new  rectangle  k€* 
is  equal  to  each  of 
the  others  and 
A  E.  Similarly,  the 
rectangles  \e"  and 


Flf.  331— To  iniHtnte  the  Hypobolic  Lb»  of  die 


A<r  ,  for  a  fifth  and  a  sixth  of  the  initial  pressure,  and  five  times  and 
six  times  the  initial  volume,  are  each  equal  to  the  initial  rectangle  a  e. 
The  hyperbolic  curve  containing  these  rectangles  may  be  indefinitely 
extended  at  either  end,  to  embrace,  on  the  one  part,  intense  pres- 
sures and  small  volumes,  and,  on  the  other  part,  veiy  low  pressures 
and  laige  volumes. 


The  Work  of  Steam  b?  Expansion. 

Proceeding,  now,  to  a  consideration  of  the  area  of  the  diagram,  Fig.  331 ; 
— as  the  area  of  the  rectangle  a  e,  is  the  product  of  the  pressure  and  volume, 
and  expresses  the  work  done  upon  the  piston  by  the  steam  in  entering  and 

occupying  the  cylinder,  so,  likewise,  the  hyperbolic  area,  d  e  d'"  e"\  expresses 
the  work  done  by  the  steam  by  expansion  within  the  cylinder  after  it  is 
shut  in.  This  area,  and  consequently  the  quantity  of  work  done,  may  be 
computed  by  means  of  the  known  relations  of  hy])erl)olic  superficies  with 
their  base-lines: — according  to  which,  if  the  base-lines  ad,  Ad,  Ad',  &c., 
extend  in  a  geometrical  ratio,  or  as  i,  2,  4,  8,  16,  (S:c.,  the  successive  areas 
D/,  d/,  &c,  increase  in  an  arithmetical  ratio,  or  as  i,  2,  3,  4,  &c.  On  the 
principles  of  logarithms,  which  represent,  in  arithmetical  ratio,  natural 
numbers  in  geometrical  ratio,  special  tables  of  so-called  hyperbolic  logarithms 
are  compil«l,  to  facilitate  the  calculation  of  the  areas  of  work  due  to 
various  degrees  of  expansion.  The  hyperbolic  numbers  consist,  in  fact, 
of  the  multiples  of  conunon  logarithms  by  2.302585,  which,  thus  modified, 
become  direct  expressions  of  the  proportions  borne  by  the  work  by  expansion 
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pertaining  to  different  degrees  of  cxj^ansion,  to  the  initial  work  eione  by  the 
steam  during  its  admission  into  the  cylinder;  but  thc\-  are  nut  employed 
as  logarithms.  For  example,  the  initial  volume  being  expressed  by  i,  and 
the  total  volumes  by  expansion,  by  the  following  numbers  in  geometrical 
ratio, 

I,         2,         4,         8,  i6, 
the  hyperbolic  logarithms  of  these  numbers  are,  in  arithmetical  ratio, 

.GOO,     .693,     1.386,     2.079,  2.772, 
being  as  o,  i,  2,  3,  4» 

and  these  logarithms  express  the  actual  ratio  of  the  whole  work  by  expansion, 
for  different  degrees  of  ex])ansion,  to  the  initial  work  of  the  steam,  expressed 
as  I .  l^he  total  w  ork  done  by  a  quantity  of  steam  expanded  successively 
from  the  initial  volume, 

I     to     2,  4,  8,  z6  volumes, 

will  therefore  be  in  the  proportions  of 

I,    I +.693,    I  + 1.386,    1  +  2.079,    1  +  2.772, 
or     I,       1.693,        2.386,        3.079,  3.772, 

jhowing  that,  for  an  expansion  of  16  times,  the  initial  work  done  by  the 
steam  during  its  admission  is  nearly  quadrupled. 

But  it  is  necessary  to  make  a  deduction  for  the 
back  pressure  from  the  condenser,  to  find  the  effec- 
tive work  of  the  steam.  Suppose  a  cylinder  of  5  feet 
stroke,  represented  by  a  b.  Fig.  331,  with  a  piston 
having  an  area  of  i  square  inch,  into  which  steam 
of  10  lbs.  pressure  per  square  inch  is  admitted  for 
z  foot  of  the  stroke,  a0,  against  a  uniform  back 
pressure  of,  say,  2  lbs.  per  square  inch,  for  the  whole 
stroke.  Let  the  steam  be  exi)anded  through  the  re-  ^•;»JSS«i52mbdy*™ 
maining  four-fifths  of  the  stroke,  and  construct  the 
diagram  of  work,  Fig.  332,  in  which  the  2 -lb.  zone  of  resistance  or  back 
pressure  is  shaded.  Then, 

At  the  end  of  the   ist,     2d,        3d,        4th.        5th  foot  of  stroke, 

The  total  pressures  are....    10        5  3  ^/^       2}4        2  lbs.  per  sq.  inch; 

The  backpressures  are...     222  2  2  lbs.    do.  do.; 

The  effective  pressures....     83         i  V3      K        olbs.  do.  do. 

The  total  work  done  by  expansion  up  to  the  end  of  each  foot  of  stroke, 
is  rej)resented  by  the  hyperbolic  logarithm  of  the  ratio  of  expansion,  the 
initial  work  being  =  i.    Thus, — 

5th  foot  of  stroke, 
5  volumes, 

Of  which  the  hyperbolic  \  ^       _  _^      _  _^        _  ^_ 

logarithms  are  .   (    "     ^      '-'^      '-39  I.61 

The  initial  duty  being  as...   11         t         1  1  (unity). 


1st, 

2d, 

4th, 

2 

3 

4 

£9 

I.IO 

1.39 

1 

I 

t 

1 

I 

1.69 

2.10 

2.39 

2.61 
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As  the  initial  work,  represented  by  i,  is  lo  foot-pounds,  being  zo  lbs.  exerted 
through  I  foot,  and  the  resistance  is  2  footpounds  Ibr  each  foot  of  die 
stroke, — 

At  the  end  of  the 

I  St,          2d,  3d,        4th,        5th  foot  of  the  stroke. 

The  work  by  expansioQ  is 

ao          6.9  xx.o        13.9       16. 1  foot-pounds; 

The  total  work  done  is 

10         16.9  si.o       23.9       36.1  do. 

The  total  resistance  is 

2          4  6           8         10  do. 

The  total  effective  work  is 

8         12.9  15.0       15.9       16. 1  da 

And  the  gain  by  expansion  is 

o        61  87         99         loi  per  cent. 

From  the  foregoing  particulars,  it  appears  that  the  total  work  of  the 
steam,  by  expanding  it  to  live  times  the  initial  volume,  is  fully  2)4  times 
the  initLfd  work  done  without  expansion.  When  the  back  pressure  is  allowed 
for,  the  effective  work,  16.  i  foot-pounds,  is  only  twice  the  initial  work,  8  foot- 
pounds; making  a  gain  of  loi  per  cent,  when  the  eiqpansion  is  extended 
to  the  extreme  limit,  where  the  positive  pressure  becomes  equal  to  the 
back  pressure. 

It  further  appears  that  the  effective  work  of  the  steam  expanded  down  to 
the  back  pressure  from  the  condenser,  is  just  equal  to  the  work  developed 
by  expansion  alone.  The  initial  work  is  balanced  in  amount  by  the  resist- 
ance, each  of  them  being  10  foot-pounds. 

The  same  conclusions  apply  to  a  non-condensing  cylinder  discharging  the 
steam  into  the  atmosphere.  Let  the  total  initial  pressure,  A  C,  Fig.  332,  be 
75  lbs.  per  square  inch,  and  suppose  the  steam  to  be  expanded  five  times, 
as  before,  down  to  a  pressure  of  15  lbs.  per  square  inch,  and  then  exhausted 
into  the  atmosphere,  maintaining  a  back  pressure  of  15  lbs.  per  square 
inch  throughout  the  stroke,  represented  by  the  shaded  zone.  On  a  piston 
of  I  square  inch  area,  the  proportions  of  work  will  be  as  follows ; — 

At  the  end  of  the   1st,    2d,       3d,       4th,       $th  foot  of  stroke. 

The  total  work  done  is  as     I       1.69       2.10       2.39  2.6l 

The  total  work  done  is  i  ___  _  ^  t^,^^A» 

actually  J    ^5  157.5      179.2      195.7  foot-pounds. 

The  total  resistance  is         1 5      50         45         60         7S         do.  ' 

The  total  effective  work  is    60      96.7      II2.5       119.2       120.7  do. 
The  gain  by  expansion  is    o     61         87        99       101    per  cent. 

I9  this  case,  where  steam  of  five  atmospheres  is  expanded  five  times,  and 
exhausted  into  the  atmosphere  at  a  pressure  of  one  atmosphere,  tiie  pro- 
portions of  work  done  are  the  same  as  when  steam  of  to  lbs.  pressure  per 

square  inch  is  expanded  five  times  and  exhausted  at  a  pressure  of  one-fifth, 
or  2  lbs.  per  inch ;  and  they  indicate  equal  degrees  of  efficiency  of  the 
steam  in  the  way  it  is  appUed. 
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It  may  be  concluded,  generally,  that  when  the  steam  is  expanded  down 
to  the  back  pressure  in  the  cylinder,  whether  from  the  condenser  or  from 
the  atmoq[>her€,  the  effective  work  done  in  the  cylinder  is  just  equal  to  iht 
totel  work  done  by  expansion,  the  total  initial  work  being  just  balanced  and 
neutralized  in  amount  by  the  resistance  of  back  pressure. 

And  the  utmost  useful  ratio  of  expansion,  looking  to  the  operations 
within  the  cylinder,  is  measured  by  the  numl)er  of  times  which  the  total 
back  pressure  is  contained  in  the  total  initial  pressure  of  the  steam  in  the 
cylinder.  Indeed,  it  may  be  aflirmed  ihat  four-fifths  of  this  measure  of 
expansion  is  sufficient  as  a  Umity  for  it  has  been  shown  that  whilst  the  gain 
by  expansion  to  four  times  is  99  per  cent,  that  of  a  fivefold  expansion  is 
101  per  cent,  which  is  only  a  per  cent  more. 

Another  reason  usually  advanced  for  arresting  the  fidl  of  pressure,  in 
expanding,  at  a  higher  limit  than  the  back  pressure,  is  based  on  the 
frictional  or  passive  resistance  of  the  engine.  This  resistance  is  to  be 
opposed  by  the  steam  in  the  cylinder;  and  the  total  pressure,  it  is  said, 
should  not  fall  below  that  which  is  equivalent  to  the  back  pressure,  plus  the 
frictional  resistance,  since,  it  is  argued,  if  the  pressure  at  any  part  of  the 
Stroke  do  foil  below  the  sum  of  these  resistances,  the  excess  of  lliese  above 
the  pontive  pressure  is  so  much  dead  resistance,  and  is  so  much  in  reduc- 
tion of  the  useful  efficiency  of  the  steam.  This  argument  is  plausible,  but 
fallacious;  and  it  would  be  valid  only  on  the  supposition  that  the  engine 
could  move  without,  at  the  same  time,  doing  its  proper  duty  in  driving 
shafting  and  machinery.  The  supposition  is,  of  course,  impossible.  But, 
why  draw  the  line  of  so-called  useless  resistance  at  the  fly-wheel  shaft? 
The  shafting  for  driving  the  machinery  also  opposes  dead  resistance,  and 
before  the  engine  can  move  at  all,  the  resistance  of  the  shafting  must  be 
overcome.  The  resistance  of  all  the  machinery  must  likewise  be  overcome. 
The  useful  work  to  be  done  must  likewise  be  overcome;  in  fact,  the  whole 
of  the  work,  dead  and  alive,  must  be  overcome.  So  the  argument  leads  to 
the  absurd  conclusion  that  the  pressure  in  the  cylinder  should  not  fall 
below  the  total  mean  pressure  exerted ;  and  as  it  is  not  to  fall  below, 
neither  can  it  reach  above  the  mean  jiressure,  for  that  would  imply  an 
additional  initial  force,  which  would  render  a  greater  mean  pressure,  which 
is  absurd.  If  the  argument  had  any  truth  in  it,  it  would  lead  necessarily 
to  the  abandonment  of  all  expsuisive  working,  and  to  the  employment  of  a 
uniform  pressure,  with  the  admission  of  steam  throughout  the  whole  of  the 
stroke. 

Clearance  in  Steam-Cylinders. 

The  clearance,  or  free  space,  between  the  piston  when  at  the  beginning 
of  a  stroke,  and  the  slide-valve,  is  filled  with  steam  of  the  initial  pressure  at 
the  commencement  of  each  stroke;  and  this  padding,  as  it  may  be  called, 
does  no  work  directly,  and  is  entirely  non-effective  in  non-expansive  engines. 
But  in  expansive-working  cylinders,  the  clearance-steam  does  its  proper 
quota  of  work,  in  conjunction  with  the  other  steam,  during  die  period  of 
expansion* 

The  volume  of  the  clearance  may  be  measured  in  parts  of  the  stroke 
supposed  to  be  multiplied  into  the  area  of  the  piston ;  and  it  is  here  taken, 
for  purposes  of  discussion,  at  7  per  cent,  of  the  stroke. 
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Formulas  for  the  Work  of  Steam  in  the  Cylinder. 

Now,  let  L  =  the  length  of  stroke,  in  feet, 

/  =  the  period  of  admisfiion,  or  the  cut-off,  in  feet,  eauiuding 

clearance, 

c  -  the  total  clearance  at  one  end  of  the  cylinder,  the  volume 

being  measured  m  leci  of  the  stroke, 
V  =  the  length  of  the  stroke,  plus  the  dcfiniiice,  or 
/'^the  penod  of  admission,  phis  the  deaiance,  or  /+^, 
Rs  the  nominal  ratio  of  expansion,  or 
R' s  the  actual  latio  of  expulsion,  or  L' •{•/', 
(7    the  area  of  the  piston  in  square  inches, 
P  =  the  total  initial  pressure  in  lbs.  per  square  inch,  supposed 

to  be  uniform  during  admission, 
/  =  the  average  total  pressure,  in  lbs.  per  square  incli,  for  the 

whole  stroke, 

/'sthe  average  back  pressure,  in  lbs.  per  square  inch,  for  tbe 
whole  stroke, 

7c>  =  the  whole  work  done  in  one  stroke,  in  foot-pounds^ 

7o'  =  the  work  of  back  pnessure  for  one  stroke,  in  foot-fxwnds, 

W  =  the  net  work  done  in  foot-pounds. 

Tbe  actual  ratio  of  expansbn  is 

The  woik  done  dnring  admission  is  equal  to  the  total  presBure  on  the 

piston,  ^7  X  P,  multiplied  by  the  period  of  admission,  or  P  4  which  is  the 
work  in  foot-pounds,  and  this  work  is  done  by  a  volume  of  steam  measured 
by  the  period  of  admission,  phis  the  deanmce,  or  by  l^c^t;  and  as 
l=i'-c,  then 

whole  work  done  during  admission  »a  Vl^a  P  (/'-^). ....  (  3  ) 

To  find  the  work  done  by  expansion  to  the  end  of  the  stroke,  the  total 
pressure  on  the  piston,  a  P,  is  to  be  multiplied  by  /',  the  period  of  admis- 
sion plus  the  clearance,  and  by  the  hypeibolic  logarithm  of  R',  the  actual 
ractio  of  expansion,  or 

whole  work  done  during  expansion  =  a  P  /'  x  hyp  log  R', ...  (  4  ) 

which  is  the  work  done  by  expansion,  in  foot-pounds.  Add  together  these 
two  quantities  of  work,  (  3  )  and  (  4  ),  and  reduce;  then,  for  the  total  woric, 
Wf  done  by  the  steam  in  one  stroke  of  the  piston, 

«r  =  4fP[/'(i-hhyplogR')-^]   (  5  ) 

The  work  of  back  pressure  for  one  stroke  is 

SBf^stf/L;    \  6  ) 

and  the  net  work,  such  as  may  be  measured  by  an  indicator-diagram,  is 
w  —  W  )  or, 

W^a[P(/'(i+hypk)gR)-^)-/L]   (  7  > 
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Rule  3.  To  find  the  mt  ivork  dom  by  steam  in  the  cylifider  for  one  stroke  of 
the  piston,  with  a  given  cut-off. — 1.  To  the  hyperbolic  iogarithin  of  the  actual 
lado  of  expansion,  allowing  for  deaiance,  add  z;  multiply  the  sum  by  the 
period  of  admission,  plus  the  clearance,  in  feet;  from  the  product  subtract 
the  clearance,  and  multiply  the  remainder  by  the  total  initial  pressure  in 
lbs.  per  square  inch.  The  product  is  the  total  work  done  in  foot-pounds 
per  square  inch  on  the  piston.  2.  Multiply  the  average  back  ]->rcssure  in 
lbs.  per  square  inch  by  the  length  of  the  stroke;  the  product  is  the  negative 
work  of  back  pressure  in  foot-pounds  ])er  stjuare  inch.  3.  Subtract  the 
second  product  from  the  first  product;  the  remainder  is  the  net  work  in 
foot-pounds  per  square  inch  on  the  piston.  4.  Multiply  the  aiea  of  the 
piston  by  the  net  work  per  square  inch;  the  product  is  the  net  work  in 
foot-pounds  done  in  the  cylinder  for  one  stroke. 

Na^e, — ^When  the  period  of  admission  and  the  clearance  are  expressed  as 
percentages  of  the  stroke,  the  percentages  are  to  be  converted  into  feet  of 
the  stroke.  The  actual  ratio  of  expansion  is  found  by  dividing  100  plus 
the  percentage  of  clearance,  by  the  sum  of  the  percentages  of  admission 
and  clearaiice. 

To  exemplify  the  application  of  the  rule,  take  a  non-condensing  steam- 
cylinder  3  feet  in  diameter  with  a  stroke  of  5  feet,  and  initial  steam  of  a 
total  pressure  of  70  lbs.  per  square  inch  on  the  piston,  cut  off  at  one-fourth 
of  the  stroke,  and  expanded  during  the  remaining  three-foiuths.  The  aver- 
age back  pressure  is  1 7  lbs.  per  square  inch,  and  the  clearance  is  5  per 
cent,  of  the  stroke.  What  is  the  whole  work  done  in  one  stroke?  The 
steam  is  rut  off  at  15  inches,  to  which  the  clearance,  which  is  5  per  cent,  of 
the  stroke,  or  3  inches,  is  to  be  added.    The  sum  is  18  inches,  or  1.5  feet, 

and  the  actual  ratio  of  expansion  is  ^  '^^  -  3.5,  of  which  the  hyperbolic 

logarithm  is  1.204;  to  this  add  i,  making  2.204,  to  be  multiplied  by  1.5, 
making  3.306.  From  this  product  subtract  the  clearance  .25  feet,  leaving 
3.056.  Then  3.056  x  70  ll».  =  313.92  foot-pounds  of  total  work  per  square 
inch  of  piston;  and  213.92  x  1017.87  square  inches  area  of  piston  = 
217,750  foot-pocmds,  the  tbtal  work  done  in  one  stroke.  The  back  pressure 
17  Ib.s.  per  square  inch  •  85  foot-pounds  per  square  inch  for  the  whole 
stroke:  and  85  x  1 01 7.87  8653  foot-pounds,  the  negative  work  of  back- 
pressure. Finally — 

foot-poundi. 

Total  work  done  on  the  piston,  for  one  stroke^  ai7»75o 

Negative  work  of  back  pressure,  for  one  stroke,   ^,653 

Difiference,  or  net  work  for  one  stroke,.  209,097 

Initial  Pressuile  in  the  Cylinder. 

Inverting  formula  (  7  ),  the  required  initial  pressure  for  a  given  nei  quan^ 
Hty  of  work  in  one  stroke,  is  as  follows — 

*^""^(T+  hyp  log  R^)^  ^  *  ^ 

The  initial  pressure  required  to  produce  a  given  average  total  pressure 
Jier  spuure  intJk  for  a  given  actual  ratio  of  expansion,  is  found  by  sub- 


Digitized  by  Google 


830  .  STEAM  £NGIN£ — SINGLE-CYLINDER. 

sdtutiDg,  for  W,  its  equivalent «  L  in  foimula  ( 8 ) ;  and  reducing. 

Then 

^   (  0  ) 

AvsRAGE  Total  Pressure  in  the  Cylinder. 

The  average  total  ])ressure, /,  in  the  cylinder,  in  terms  of  the  initial  pres- 
sure,  for  a  given  actual  ratio  of  expansion,  is  found  by  dividing  the  second 
member  of  the  equation  (  5  ),  by  the  area  of  the  piston  and  by  the  length 
of  the  stroke;  or  by  a  simple  inversion  of  equation  (  9 ) : — 

^_P[/-(.^hyp  logR-)-^]   ( 

L 

The  average  total  pressurei  in  terms  of  tiie  total  work  done  for  one 
stroke,  is  also, 

i»=jr  

Average  Effective  Pressure  in  the  Cylinder. 

The  average  effective  pressure  is  found  by  subtracting  the  average  back 
pressure  from  either  of  the  above  values  of  /,  formula  ( 10 )  or  ( 1 1 ),  or  it 
IS  found  by  dividing  the  second  member  oT  equation  (  7  )  by  the  area  of 
the  piston  and  by  the  length  of  the  stroke:  giving,  by  reduction, 

j^-Pf/  (n-hyplogR)-.l  ^.  

L 

The  Period  of  Admission  and  the  Actual  Ratio  of  Expansion. 

The  actual  rate  of  expansion  required  for  the  production  of  a  given 
average  total  pressure  from  a  given  initial  total  pressure  may  be  found  ten- 
tatively by  inverting  the  formula  (  10  ),  for  initial  pressure,  and  reducing, 
by  which  the  following  formula  is  obtained: — 

hyplogR'»i-7,^  r   (13) 

Here,  there  are  two  unknown  quantities,  namely,  hyp  log  R'  and  F, 
Rule. — Multiply  the  lenuth  of  stroke  by  the  mean  pressure,  and  divide  by 
the  initial  pressure;  and  to  the  quotient  add  the  clearance,  making  a  sum  A. 
Assume  a  period  of  admission,  and  add  to  it  the  clearance,  to  make  a  value 
for  the  divisor  l\  and  find  the  corresponding  value  for  hyp  log  R',  the  hyper- 
bolic logarithm  of  a  ratio  of  expansion.  Find  the  ratio  in  a  table  of  hyper- 
bolic logarithms,  and  by  it  divide  the  sum  of  the  stroke  and  the  clearance. 
If  the  quotient  be  equal  to  the  assumed  period  of  admission  plus  the  clear- 
ance, it  follows  that  the  assumed  period  is  the  required  period  of  admission, 
and  the  ratio  of  expansion  is  the  required  actual  ratio.  But  if  the  quotient 
be  greater  than  the  sum  of  the  assumed  period  and  the  clearance,  then  the 
assumed  period  of  adiiUi>sion  is  too  loni!.    If  the  quotient,  on  the  contrary, 
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be  less,  the  assumed  period  is  too  short  Try  again,  and  assume  a  shorter 
or  a  longer  period  of  admission,  as  the  case  may  require,  until  the  required 
period  of  admission  and  ratio  oif  esqMUision  have  been  arrived  at 

This  is  a  long  rule,  but  the  operation  of  it  is  less  tedious  than  may  be 
imagined.    For  example,  reverting  to  previous  data,  take  the  stroke  =  5  feet; 
clearance  .25  feet,  total  initial  pressure  =  70  lbs.,  and  average  total  pressure  - 
42.78  lbs.  per  square  inch;  to  find  the  required  period  of  admission.  Then 

4Ml2L5 +.25 =3.506   (Sum  A) 

70 

Assume  a  period  of  admission,  1.75  feet;  then 

1.75 +.35  «  2.00    (SumB) 

And,  3.306-2  =  1.653,  from  which  deduct  i;  the  remainder  .653  is  the 
hyperbolic  log^thm  of  the  ratio  of  expansion,  1.92.  Now,  Ihe  stroke  plus 
the  clearance  is  5.25,  and 

^'    =  2.73  feet,  as  a  period  of  admission  plus  clearance; 
1.92 

and  2. 73-. 25  =  2.48  feet  But  this  is  greater  than  the  assumed  period 
namely,  -1.75  feet  Tiy,  therefore,  a  smaller  period  to  begin  with,  say  i  foot 
then 

I  +.25*  1.25    (Sum  B) 

3.306-r  1.25s 2.61;  and  2.6i-isi.6i,  which  is  the  hyperi)olic  logarithm 
of  the  ratio  .5;  then 

- 1.05  feet;  and  1.05  -  .25K.80  foot 

5 

But  .80  foot  is  less  than  the  assumed  period,  namely,  i  foot;  and  i  foot 
is  too  short  The  required  period  must  be  less  than  1.75,  and  more  dian 
I  foot;  and  nearer  to  i  foot  than  to  1.75  feet   Try  1.25  feet,  then 

1.25 +  .25 B  1.50    (SumB) 

3. 306  -1.50=  2. 2040 ;  and  2. 2040  -Is  1.2040,  which  is  the  hyperbolic 
logarithm  of  the  ratio  3.5;  then 

^~5  =  i.S  feet;  and  1.5-. 25*  1.25  feet, 

3-5 

which  is  equal  to  the  period  last  assumed.  The  required  period  of  admis- 
sion is,  therefore,  1.25  feet  ;  and  the  ratio  of  expansion  is  3.5. 

JVo^e. — Calculation  for  this  rule  may  be  shortened  by  using  the  following 
table  (No.  295),  page  836,  particularly  when  the  clearance  is  7  per  cent 
of  the  stroke,  as  is  assumed  in  the  composition  of  that  table.  When 
Ae  clearance  deviates  by  i  or  2  per  cent  from  the  standard  of  the  table, 
suitable  allowances  may  be  made  on  the  results  drawn  from  the  table,  by 
which  near  approximations  mny  be  made.  Take  the  last  example,  in 
whi(  h  the  clearance  is  5  per  cent,  of  the  stroke.  Reduce  the  given  mean 
pressure  to  the  expression  .611,  which  is  its  relative  value  when  the  initial 
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pressuie  is  taken  as  i,  thus  42.78-s-7o«.6ii.  Locddng  down  the  fourth 
oolumn  of  the  table,  the  neaiest  values  are  .619  and  .608,  correq>onding 
to  the  ratios  of  expansioii  $,$  and  5.6,  the  exact  ratio  being  3.5.  The 

corresponding  periods  of  admission  in  column  3  are  23.6  nnd  22.7  per 
cent,  of  the  stroke,  and  adding  to  these  2  i)er  cent.,  to  compensate  for 
the  difference  of  clearance — 5  per  cent,  in  the  e-\ample.  as  against  7  i>er 
cent,  in  the  table — the  sums  average  about  25  per  cent^  which  is  the  correct 
admission. 

Rule  4.  To  find  the  Period  of  Admission  required  for  a  given  Actual 
Ratio  of  Expansion, — Divide  the  length  of  stroke  plus  the  clearance  by  the 
actual  ratio  of  expansion;  and  deduct  the  clearance  from  the  quotient. 

The  remainder  is  tlie  period  of  admission. 

2.  When  the  Quantities  are  given  as  Pereentages  of  the  Stroke. — Add  the 
percentage  of  clearance  to  100,  and  divide  the  sum  by  the  actual  ratio  of 
exiumsion;  and  deduct  the  j»ercentage  of  clearance  from  the  (luotient.  The 
remainder  is  the  period  of  admission  as  a  percentage  of  the  .stroke. 

The  Period  of  Admission  required  for  a  given  Actual  Ratio  of  Expansion  is 

 (14) 

RuiJE  5.  The  Pressure  ef  Steam  expanded  in  the  Cylinder,  at  the  end  of  the 
Stigdte,  or  at  any  other  point  of  the  Expansion^  is  found  by  dividing  the  initial 

pressure  by  the  ratio  of  actual  expansion  calculated  to  the  given  point 

of  the  stroke.    The  quotient  is  the  pressure  at  that  point. 

Or,  multij)ly  the  initial  pressure  by  the  period  of  admission  plus  the  clear- 
ance, and  divide  the  product  by  the  length  of  the  i)art  of  the  stroke  de.scribed 
u])  to  the  given  point,  plus  the  clearance.  The  quotient  is  the  pressure  at 
that  point 

The  Reiativs  Performance  of  Equal  Weights  of  Steam 

Worked  Expaksivblv. 

The  steam  may  be  said  to  be  measured  off  for  each  stroke  of  the  piston, 
a  cylinder-full  at  a  time,  of  eiqpanded  steam;  whilst  the  final  pressure  is  a 
measure  of  the  density,  and  therefore  of  the  weight,  of  this  steam.  The 
mean  pressures,  again,  are  measures  of  the  total  peiformance  of  the  same 
body  oi  steam.  It  follows,  that  the  relative  total  performance  is  directly  as 
the  mean  pressure,  and  inversely  as  the  weight  of  steam  condensed  or  as 
the  fmal  i)ressure,  and  that,  if  the  former  be  divided  l)y  the  latter,  the 
(quotients  will  show  the  relative  total  performance  of  a  given  weight  of  the 
steam,  as  admitted  and  cut  off  at  different  [joints,  and  expanded  to  the  end 
of  tlie  stroke,  with  a  clearance  of  7  per  cent,  of  the  stroke,  as  follows: — 

When  the  steam  is  cut  off  at 

i»        Va^      ^»  "A,  Vio,      »A5  of  i^troke, 

the  relative  total  peiformance  per  unit  of  steam  is  direcdy  as  the  average 
pressures, 

i.ooo,   .969,   .860,   .637,   .567,   .457,   .413,   .348,...  (A) 
and  is  inversely  as  the  final  pressures, 

1.000,    .769,    .532,    .298,    .250,   .182,    .159,  .128. 
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The  relative,  or  proportional,  total  performance  of  given  equal  weights  ^f 
steam  are  therefore  in  the  ratio  ol'  the  second  last  row  of  fif^ures  divided  by 
the  last  row  of  figures ;  the  total  performance  for  steam  admitted  far  ihib 
whole  stroke,  without  any  expansion,  being  taken  as  i.  Thus, 

J       ^969     ^860     ^637     .$67     .4$i     ,41$  ^348 
l'      .769*    .532'    .298*    .250'    .182'    .1^9*  .128 

or  the  quotients, 

j.oo,    1.26,    1.62,    2.13,    2.27,    2.51,    2.60,    2.72....  (B) 

These  quotients  may  belbcmd,  Y>diennte,*firoiii  the  actual  ratioB  of  expansion, 
iHudi  are  invexsely  as  the  final  pressures,  by  multiplying  the  average  pressures 
by  ihe  respective  ratios.  For  example,  when  the  steam  is  cut  off  at  the 
actual  ratio  of  expansion  is  1.3,  and  the  mean  pressure  .969  x  1.3  s  1.26, 
which  is  the  relative  eftu  ienry,  ns  alrendy  found  above. 

It  -  is  seen  that  the  total  work  or  performance  of  a  given  weight  of  steam 
is  fully  doul)led  by  cutting  off  and  expanding  at  a  fourth  of  the  stroke,  .as 
compared  with  the  admission  of  steam  for  the  whole  of  the  stroke. 

In  these  comparisons  of  the  relative  performance  of  steam  worked  expan* 
sively,  the  opposhion  of  back  pses8tu:e  ha^  Sbr  simplicity,  been  omitted 
from  the  caloilations.  Taking  tiie  bttok  piessore  as  constant  wilh  all  ratios 
of  expansion,  it  would  fxmstitnte  a  uniform  quantity  to  be  deducted  from 
each  of  the  total  mean  pressures,  of  which  the  ratios  are  given  in  line  A ; 
and  as  the  remainders  would  thus  decrease  more  rapidly  than  the  total 
pressures,  it  would  follow  that  the  quotients,  line  B,  would  increase  less 
rapidly  than  as  they  are  there  shown  to  increase. 

I^ROPORTIOMAL  WoRK  IX>NE  BV  .ADMISION  AND  BY  EXPANSION. 

To  ascertain  in  what  proportions  the  whole  work  for  the  stroke  is  done 
by  admission  and  by  expansion,  leaving  unconsidered  the  back  pressure: 
the  work  by  admission  is  in  proportion  to  the  period  of  admission,  and  if 
this  be  subtracted  from  the  pr<yortional  mean  pressure,  the  remainder  is 
the  proportional  work  by  expansion.   Thus,  when  the  steam  is  cut  off  at 

I,      ^,  }6,  Vs^    >i     V.O,    V.5  o^"  stroke, 

these  fractions  are  the  periods  of  admission,  and  are  proportional  to  the 

work  by  admission,  and  are  decimally  as  fallows : — 

2.000,   .750,   .500,   .333»   .250,  ^200,   .125,   .100,  u>66, 

which  being  subtracted  from  the  Telatfve  total  average  pressures,  ihe  vt- 
mainders  aie  the  relative  work  by  expansions — 

.000,   .219,   .360,   .393,   .387,   .367,   .332,   .313,  .282; 

the  sum  of  the  last  two  rows,  or  the  total  average  pressures,  being  as 

1.000,   .969,  ..860,   .726,   .637,   .567,   .457,   .413,  .348; 

which  arc  the  same  as  the  values  in  line  A,  page  832. 

Here  it  appeam  ^at  the  quantity  of  ^ork  done  by  expansion,  xnrlves  at 
a  maximun  when  the  period  of  admission  is  jabont  oneArd  of  i3ie.atinke. 
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With  a  greater  or  a  less  admission  it  is  reduced.  But  the  proportion  of 
work  by  expansion,  relative  to  the  work  by  admission,  increases  regularly  as 
the  admission  is  reduced.  Thus,  taking  the  work  for  the  periods  of  admis* 
sion  successively,  as 

I,       1,       I,        r,        r,        I,        1,         I,  I, 

the  corresponding  proportions  of  work  done  by  expansion,  are  successively 

as  o,    .39,    .73,     1.31,     1.^5,     t.83,     3.66,    3.13  4.37. 

The  loss  by  clearance-space  neutralizes  a  considerable  proportion  of  the 
gain  by  expansion,  as  appears  from  the  following  examples. 


TBe  Influence  of  Clearance  in  reducing  the  Performance  of 

Steam  in  the  Cylinder. 

To  note  the  effect  of  clearance  in  reducing  the  efficiency  of  steam  in  the 
cylinder,  let  the  steam  be  admitted  for  one-fourth  of  the  stroke,  and  let 
cdgnm  be  the  indicator-diagram  described,  with  a  perfect  vacuum,  of  whick 

the  base  m  n  is  the  length  of  the  stroke 
=  100,  and  the  extension  of  the  base, 
mm'y  is  the  length  of  the  clearance  =  7. 
The  average  pressure,  //,  is,  by  the  for- 
mula ( 10  ),  .637,  when  the  initial  pres- 
sure is  I.  The  loss  of  pressure  by 
clearance,  is  represented  by  the  initial 
area  mm'c'c,  the  pressure  being  -  i,  and 
the  volume  -  7  per  cent,  of  that  of  the 
stroke.  Averaged  for  the  whole  stroke, 
that  is,  multiplying  i  by  7  and  dividing 
by  100,  the  average  loss  of  pressure  for 

the  whole  stroke  is  i  x  -1-  =  .070:  and 

100 

^  ''*^n«^The°\5?lrik  Jf  slSm  Evenige  loss  be  added  to  the  aver- 

age pressure,  the  sum,  .637 + .070  « . 707, 
expresses  the  relative  efficiency  with  which  a  given  weight  of  steam  would 
be  worked  if  there  were  no  loss  by  clearance.  It  shows  that  there  would 
be  a  gain  of  1 1  per  cent.  This  greater  relative  efficiency  is  represented  on 
the  diagram  by  the  upper  line 

The  relative  efficiency  may  be  otherwise  found  by  means  of  formula 
( 10 ),  for  the  average  total  pressure,  the  item  of  clearance  being  eliminated 
from  it  Suppose  Uie  clearance  in  the  dia|pram,  Fig.  333,  to  be  included  as 
part  of  the  stroke,  then  the  period  of  admission  becomes  33  per  cent,  and 
the  length  of  stroke  107  per  cent ;  and,  when  the  initial  pressure  is  x. 


32  (1  +hyp  log       or  3.35) 


107 


107 


=  .661, 


the  average  pressure,  as  against  .637  the  average  pressure  with  clearance. 
But,  as  the  suokes  are  ditierent,  the  average  pressures  are  to  be  multiplied 
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bj  their  respective  strokes,  to  give  the  proportion  of  the  effidendes;  thus, 

.637  X  100^63.7  relative  efficiency,  for  25  ^  admission,  with  7  %  clearance; 
.66]xio7«7a7        do.  33      do.        without  dearance; 

being  in  the  same  ratio  to  eadi  other,  as  the  values  .637  and  .707  already 
found. 

The  comparison  is  extended  for  other  periods  of  admission  by  simply 
adding  the  average  loss  .070,  to  the  conresponding  average  pressures  in  the 
4th  column  of  the  table,  Na  395. .  Thus, 

Whtn  the  steam  is  cut  off  at 

fiiU  stroke,  '/a*     J<.  V«»»       '/«$  of  stroke, 

the  average  pressures  representing  the  relative  work,  when  the  pressure 
during  admission  » i,  are 

1. 000,    .969,  .860,      .726,   .637,     .457,     .413,  .348, 

and,  adding  the  loss  by  7  per  cent,  of  deamnce,  .070,  the  increased  relative 
work  done  by  a  given  weight  of  steam,  if  there  were  no  dearance,  would  be 

1.070,  1.039,  .930,      .796,  .707,     .527,     .483,  .418, 

showing  that  the  gain  would  be 

7,     7.2,     8.1,      9.6,  ii.o,     15.3,       17,      30  percent, 

which  is  lost  by  clearance. 

Table  No.  295. — Ratios  of  Expansion  of  Steam,  with  Relative 
Periods  of  Admission,  Pressures,  and  Total  Performance. 

To  facilitate  calculations  about  steam  expanded  in  cylinders,  the  table 
No.  295  has  been  composed.  The  actual  ratios  of  expansion,  column  i, 
range  from  i.o  to  8.0,  for  which  the  hyperbolic  logarithms  are  given,  for 
ready  reference,  in  column  2.  The  3d  column  contains  the  periods  of 
admission  relative  to  the  actual  ratios  of  expansion,  as  percentages  of  the 
stroke,  calculated  by  Rule  4.  The  4th  column  gives  the  values  of  the 
mean  ])re.ssures  relative  to  the  initial  pressures,  the  latter  being  taken  as  i, 
calculated  by  formula  (  10  ).  The  5th  column  gives  the  values  of  the  initial 
pressures  relative  to  the  mean  pressures,  when  the  latter  are  taken  as  i. 
These  values  are  the  reciprocals  of  those  of  the  4th  column;  at  the  same 
time  they  may  be  calculated  by  formula  (  9  ).  In  the  calculation  of  these 
last  three  columns,  3,  4,  and  5,  clearance  is  taken  into  account,  and  its 
amount  is  assumed  at  7  per  cent  of  the  stroke.  In  the  6th  column,  of 
final  pressures,  they  are  such  as  would  be  arrived  at  by  the  continued 
expansion  of  the  whole  of  the  steam  to  the  end  of  the  stroke,  the  initial 
pressure  being  equal  to  i.  They  are  the  redprocals  of  the  ratios  of 
expansion,  column  i,  as  indicated  by  Rule  5. 

The  yth  column  contains  the  relative  total  performance  of  equal  weights 
of  steam  worked  with  the  various  actual  ratios  of  expansion:  the  total 
performance  when  steam  is  admitted  for  the  whole  of  the  stroke  without 
expansion  being  equal  to  i.  They  are  calculated  on  the  principle  exem- 
plified at  page  S3  2. 
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Table  No.  295. — Expansive  Worring  of  Steam: — ^Actual  -Ratios  10 
Expansion;  with  the  Kelativb  Periods  op  Adbussion,  Pres 

SURES,  AND  PERFORBIANCE. 

Clcaranoe  at  each  end  of  die  Cylinder,  7  per  cent  of  the  stroke. 


(Single  Cylinder.) 


I 

Actual 
Ratio  of 
Expansion  ; 
Or  Nutnl)cr 
of  Volumes 
to  which  the 
Initial  Volume 
is  Expanded. 

a 

HVPERBOLIC 
I-OCAKITHM 

«f  .Actual 
Ratio  of 
Hxpantkin, 

3 

Cor  RESPOND  INC 

Period  op 
Admission,  or 

Cltt-off. 
Clearance,  7  per 
cent,  of  the  Stroke. 

4 

Avxracb 
Total 

5 

Total 
Initial 
Pkbssurb. 

6 

Total 

FUAI. 

Prmwml 

7 

Ratio  or 
Total  Pkr 

formancb 
of  Equal 

Weights  of 
SBnm.  (CM 

4-+CoL  &) 

iniiial  volume 
SI. 

1.0 

1.05 
I.I 

1.18 

1.3 

1.23 

1.25 

1-3 
1.35 

1.39 

1.4 

1.45 

1.5 

1.54 

1.55 
1.6 

1.65 

1.8 

1.85 

1.88 
1.9 

1-95 
3.0 

2.1 

3.2 

2.28 

2.3 
2.4 

2.5 

2.6 

2.65 
2.7 

2.8 
2.9 
3.0 

3.1 

3.2 

3.3 

.0000 

.0488 

•0953 

.1698 
.1823 
.2070 

.2231 
.2624 
.3000 

•3293 

•3365 
.3716 
.4055 

4317 
.4382 
.4700 
.5008 
.5306 

•5595 
.5878 

•6153 
.6314 

.6419 

.6678 

.6931 

.7419 

.7885 

.8241 
.8329 
.8755 
.9163 

•9555 
•9745 
•9933 
1.030 
1.065 
1.099 
1. 131 
1. 163 
1.194 

ttrokestoo. 

100 

95.0 

90.3  or  9/,o 
86.0 

83.3  or  5/6 
82.1 

80.0  or  4/5 
78.6 

75  3  or  )i 
72.3 

70.0  or  7/,o 
69.4 

66.8  or  ^-/j 
64^3 

62.5  or  ^ 
63.0 

59-9  or  3/5 

57^9 
56.0 

54-1 
534 

50.8 

50.0  or 

493 

47.9 
46.5 

44,0 

41.6 

40.0  or  a/5 

39-5 

^7.6  or  f6 

35.8 
34.2 

33-3  or  V3 
32.6 

31.2 

29.9  or  3/,o 
28.7 

27.5 
26.4 
25.4 

initial  pres- 
attrest. 

1.000 

.9997 

.9c/) 

.990 
.986 

.983 
.980 

•977 
.969 
.961 

.953 

.951 

•942 
•932 

.925 
.922 

•913 

•903 

.894 

.883 
.873 
.864 
.860 
.854 
.846 
.836 
.818 

.799 

.787 
.782 
.766 
.750 
•736 
.726 
.719 

.706 
.692 

■679 
.665 

.652 

.641 

mean  pres. 
■ins  I. 

IX>00 

1.003 
1.004 
1.010 
I.0I4 
1.017 
1.020 

1.024 

1.032 

1. 04 1 

1.049 

1.052 
1.062 

1.073 

1.081 
1.085 

1.095 

1.107 

1. 119 
1.132 
1.145 

1^157 
1.163 

1. 171 
1. 182 
1.196 

1.333 
1.351 

1.271 

1.279 

1-333 
1.359 
1-377 
1-391 
1.416 
1.445 

1.473 

1.504 

1-534 
1.560 

initial  pces- 
mnsi. 

1.000 

•952 

.909 

.870 
.847 

^33 
.813 

.800 
.769 
.741 

.719 

•714 

.690 

.666 

.649 
.645 
.625 

.606 
.588  1 

•571 
•555 

•541 
•532 

.526  ' 

.5.3 

.500 
476 
455 

•439 

•435 
.J.  1 7 

.400 

.385 

.377 
•370 

•357 
.345 
.333 
•323 
•313 
.303 

wkhiooX 

of  admissior 
=1.000. 

1.000 

1.050 
1.096 
1.138 
1. 164 
I.180 
1.206 

1. 221 
1.261 
1.297 

«-325 
1.332 

i-3'^5 
'  1-399 

1425 
1429 
1.461 

1.490 
1.520 
1.546 

1573 

1-597 
1.616 
1.624 
1.649 
1.672 
1.718 
1.756 

1^793 

1.798 

1.875 
1.913 

1.925 

1-943 
1.978 
2.006 
2.039 
2.059 
2.083 
2.115 
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Table  No.  295  {foniinued). 


z 

ACTUAI. 

Ratio  or 

BXTAIMOM: 

Or  Number 
of  Volumes 
to  which  (he 
Initial  Volume 
is  c>cj>Andeti 


HvFKKHril.IC 
LoUAKI  1  IIMt 

of  Actual 
Ratio  of 


3-35 
3-4 

3-5 
3.6 

3.7 
3-8 

3-  9 
4.0 
4.1 
4.2 

4.3 
AA 

4!! 

4.7 
4.8 

4-  9 
5.0 

5-  2 
54 
5-5 

5.6 
5.8 

1.0 

6.2 
6.3 
6.4 
6.6 
6.8 
7.0 
7-2 
7.3 
7-4 
7.6 
7-8 


1.209 
1.224 

1.253 
1.281 

1.308 

1-335 
1. 361 

1.411 

1.435 

1.459 
1.482 

1.504 

1.526 

1.548 
1.569 
1.589 
1.609 
1.649 
1.686 
1.705 

1.723 
1.758 

1-775 
1.792 
1.825 

1.84 1 
1.856 

1.887 
1.917 
1.946 

1-974 

1.988 

2.001 
2.028 

2.054 
2.079 


CoBinsPONDnic 
Pmop  OF 

Admission,  or 

Ct'T-orr. 
Clcar.iiice,  7  per 
cent,  of  the  ^itrukc. 


Stroke  ac  too, 

25.0  or  X 

24.5 
23.6 
22.7 

21*9 

21.2 
20.4 

19.7  or  »/s 


II. I  or  »/s 


4 

5 

6 

AVRRAGE 

Total 

Total 

To  1  \u 

Initial 

Final 

PSBSSt'RB. 

Pressurb. 

ioitiai  prefr 

•BfVSBI. 

_             _  _ 

initial  Dres. 

.637 

1.570 

.298 

.631 

1.585 

.204 

1.615 

.286 

.608 

1.645 

.278 

1.675 

.270 

.589 

1.698 

.263 

.579 

1.727 

.256 

.567 

1.764 

.250 

•559 

i.789 

.244 

.551 

I.8I5 

.238 

.542 

1.845- 

.233 

•533 

1.876 

.227 

.526 

1.901 

.222 

.518 

1.930 

.217 

5" 

1-957 

.213 

.503 

1.988 

.208 

.494 

2.024 

.204 

.488 

2.049 

.200 

.476 

2.101 

•193 

.462 

2.164 

.185 

•457 

2.188 

.182 

.450 

'y  o  T  -> 

.178 

.438 

2.283 

.172 

.432 

2.315 

.169 

.427 

2.342 

1  -'67 

419 

2.387 

.161 

.413 

2.421 

.159 

.407 

2.457 

.156 

.  I  >2 

.388 

2.577 

.147 

.301 

•  »43 

•373 

2.681 

•139 

.369 

2.710 

.137 

•365 

2.740 

•»35 

.357 

2.801 

.132 

.348 

2.874 

.128 

•342 

2.924 

.125 

Ratw  or 

Total  Per- 

!  FOkMANCB 

of  equal 
Weights  of 
&eam.  CoL 
4-M:o1.  6.) 

with  100  '{ 
ofadmiaMOQ 
S1.000. 

2.129 

2.146 

2.164 

2.187 

2*211 

2.240 

2.262 

2.278 
2.291 

2.315 

2.326 

2.348 
2.370 
2.387 

2.399 
2.418 

2.422 

2.440 

2.466 

2-497 
2.511 

2.528 

2.547 
2.556 
2.567 
2.585 

2.597 
2.609 

2.619 

2.683 
2.693 
2.703 
2.711 
2.719 
2.736 


The  pressured  have  been  calculated  on  the  supposition  that  the  pressure 

of  steam,  during  its  admission  into  the  cylinder,  is  uniform  up  to  the  point 
of  cutting  off,  and  that  the  expansion  is  continued  regularly  to  the  end  of 
the  stroke.  In  practice,  of  c  ourse,  there  are  deviations  from  these  ideal 
conditions.  Wiredrawing  action  occasionally  causes  a  fall  of  ])ressure  during 
admission,  and  the  opening  of  the  exhaust  before  the  piston  arrives  at  the 
end  of  ^  stroke  causes  the  expansion-Uiie  to  fall  away  towards  die  end. 
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The  allowances  necessaiy  to  be  made  for  these  deviations,  as  well  as  for 
the  back  pressure  of  the  air  in  non-condensing  engines^  and  that  from  the 
condenser  in  condensing  engines,  and  for  compression  of  exhaust  steam 
towards  the  end  of  the  return  stroke,  will  be  considered  at  a  subsequent 
stage.  The  calculations  have  been  made  for  periods  of  admission  ranging 
from  I  GO  per  cent.,  or  the  whole  of  the  stroke,  to  6.4  per  cent,  or  V  ,6th  o  f 
the  stroke.  And  though,  nominally,  the  expansion  is  16  times  in  the  last 
instance,  it  is  actually  only  8  times,  as  given  in  the  first  colunw.  The  great 
difference  between  the  nominal  and  the  actual  ratios  of  expansion  is 
caused  by  the  clearance,  which  is  equal  to  7  per  cent  of  the  stroke,  and 
causes  the  nominal  volume  of  steam  admitted,  namely,  6.4  per  rent.,  to  be 
augmented  to  6.4+7  =  13.4  per  cent,  of  the  stroke,  or  more  than  double, 
for  expansion.  When  the  steam  is  cut  off  at  '/^  th,  the  actual  expansion  is 
only  6  times ;  when  cut  off  at  '/s  th,  the  expansion  is  4  times ;  when  cut  off 
at  yid,  the  expansion  is  2^3  times ;  and  to  effect  an  actual  expansion  to 
twice  the  initial  volume,  the  steam  is  cut  off  at  46 per  cent,  of  the  stroke, 
not  at  half  stroke 

Though  a  uniform  clearance  of  7  per  cent  at  each  end  of  the  stroke  has 
been  assumed  as  a  fiur  average  proportion  for  the  purpose  of  compiling  the 
table,  the  clearance  of  cylinders  with  ordinary  slides  varies  considerably — 
say,  from  5  to  8  or  9  per  cent.  With  the  mean  clearance,  7  per  cent.,  that 
has  been  assumed,  the  table  gives  approximate  results  sufficient  for  most 
practical  puri)oses  ;  they  will  economize  calculation,  and  they  are  certainly 
more  trustworthy  than  such  as  can  be  deduced  by  calculations  based  on 
simple  tables  of  hyperbolic  logarithms,  where  clearance  is  neglected. 

It  has  already  been  exempufied  at  page  831,  how  the  table  may  serve  in 
making  approximate  calculations  when  the  clearance  is  other  than  7  per  cent. 

Total  Work  done  by  One  Pound  of  Steam  Expanded  in 

A  Cylinder. 

If  I  lb.  of  water  be  converted  into  steam  of  atmospheric  pressure — 
14.7  lbs.  per  square  inch,  or  21 16.8  lbs.  per  square  foot — it  gradually 
occupies  a  volume  etjual  to  26.36  cubic  feet;  and  the  work  done  in  acquir- 
ing this  volume  under  one  atmosphere  is  equal  to  21 16.8  lbs.  x  26.36  feet 
=  55>799  foot-pounds.  The  equivalent  quantity  of  heat  expended  is 
I  unit  per  772  foot-pounds,  or,  altogether,  S5»799-^772'^  72-3  units.  This 
is  precisely  the  work  of  i  lb.  of  steam  of  one  atmosphere,  acting  on  a 
piston  without  expansion. 

The  gross  work  thus  done  on  a  piston  by  i  lb.  of  steam,  generated  at 
total  pressures  varying  from  15  lbs.  to  100  lbs.  per  square  inch,  varies,  in 
round  numbers,  from  56,000  to  62,000  foot-pounds,  equivalent  to  from 
72  to  80  units  of  heat. 

The  simple  work  of  a  pound  of  steam,  without  expansion,  thus  exempli- 
fied, is  reduced  by  clearance  according  to  the  proportion  it  bears  to  the 
net  capacity  df  the  cylinder.  If  the  clearance  be  7  per  cent,  of  the  stroke, 
then  107  parts  of  steam  are  consumed  in  doing  the  work  of  a  stroke, 
which  is  represented  by  100  parts,  and  the  work  of  a  given  weight  of  steam 
without  expansion,  admitted  for  the  whole  of  the  stroke,  is  reduced  in  the 
ratio  of  107  to  100.  Having  detennined,  by  this  ratio,  the  quantity  of  work 
by  I  lb.  of  steam  without  expansion,  as  reduced  by  clearance,  the  work  for 
various  ratios  of  expansion  may  be  deduced  from  that,  in  terms  of  the 
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relative  performance  of  equal  weights  of  steam,  as  exemplified,  page  835, 
and  given  in  the  7th  column  of  table  No.  295. 

To  find  the  total  actual  work  of  i  lb.  of  steam,  for  any  ratio  of  expan- 
sion, it  is  only  necessary  to  multiply  the  simple  work,  without  expansion,  as 
reduced  by  clearance,  by  fhe  nlio  or  rdattve  perfonnance  just  referred  to. 
The  simple  work  of  a  pound  of  steam  does  not  greatly  vary  with  the  pres- 
sure; and,  for  present  purposes,  the  work  of  steam  of  a  total  pressure  of 
ICQ  lbs.  per  square  indi  will  be  calculated  and  tabulated.  This  pressure 
corresponds  to  a  net  pressure,  above  the  atmosphere,  of  85  lbs.  per  square 
inch — a  convenient  average  standard  of  pressure.  The  volume  of  i  lb.  of 
saturated  steam  of  100  lbs.  per  square  inch  is  4.33  cubic  feet,  and  the 
pressure  per  square  foot  is  144  x  100=14,400  lbs.;  then,  the  total  simple 
work — or  total  initial  work,  as  it  may  be  called — is, 

14,400  X  4.33 = 62,352  foot-pounds. 

This  amount  is  to  be  reduced  for  a  clearance  of,  say,  7  per  cent,  thus: — 

62,352  X — »  58,273  foot-pounds, 
107 

which  is  the  total  simple  work  of  i  lb.  of  steam  of  100  11)5.  total  pressure 
per  square  inch,  after  the  loss  by  clearance  is  deducted ;  and,  divided  by 
Joule's  equivalent,  772,  it  is  equal  to  75.5  units  of  heat.  Now,  the  total  or 
constituent  heat  of  i  lb.  of  loo-lb.  steam,  reckoned  from  a  temperature  oi 
212^  F.,  is  1001.4  units;  reckoned  from  102**  F.,  the  temperature  of  water 
from  the  condenser  under  a  pressure  of  i  lb.  per  square  inch,  the  con- 
stituent heat  is  in  1.4  units.  The  equivalent  of  the  net  simple  work, 
75.5  units,  is,  then,  7,5  per  cent  of  the  total  heat  reckoned  from  2i2'F., 
or  6.7  per  cent.,  if  reckoned  from  102°  F.  For  shorter  admissions,  with  com- 
plementary expansion,  tlie  work  is  increased  as  in  the  following  examples : — 

When  the  steam  is  cut  off  at 
I,      Hi      H*       Hf      V»  V«o,      V15  of  stroke, 

the  actual  ratios  of  expansion  are, 

I,      1.3,     1.88,      3.35,       4.0,       5.5,       6.3,       7.8  times; 
the  comparative  performances  of  i  lb.  of  steam  are  as 

I,  1.261,  1.616,    3.129^    2.278,    2.511,    2.597,  2.719, 
and  the  total  actual  work  of  i  lb.  of  loo-lb.  steam  is  in  the  same  proportion, 
58,273,  73,5»3.  94,200,  124,066,  132,770,  146,325,  151,370,  158,414  foot-pounds. 
The  equivalents,  as  heat,  of  the  actual  work  done,  are 

75-5i     95-2,   J22.0,     160.7,     171*9^     1S9.5,     196.1,     205.2  units, 
which  are,  in  parts  of  the  constituent  heat  reckoned  from  102''  F.,  equal  to 
6.7,     8.$,    11.0^      14.$,      15.$,      17.0^      17.6,      18.5  per  cent 

From  these  examples,  it  appears  that  the  total  work  done  by  i  lb.  of 
steam,  without  making  any  allowance  for  back  pressure  or  other  contin- 
gencies, varies  from  about  60,000  foot-pounds  when  applied  without  expan- 
sion, to  about  double  that,  or  about  120,000  foot-pounds,  when  expanded 
three  times,  cutting  off  at  about  27  per  cent  of  the  stroke;  and  to  about 


i^OiOov  foot-pounds,  or  2}4  thnev  te*  fint  performance,  when  expanded 

about  six  times,  cutting  off  at  about  lo  per  cent  of  the  stroke. 

Also,  that,  of  the  heat  consumed  in  the  formation  of  steam,  not  7  per 
cent,  is  converted  into  total  work  when  there  is  no  expansive  action ;  that 
substantially  with  an  expansion  of  six  times  there  is  only  17^  per  cent 
converted ;  and  that  even  with  an  expansion  of  eight  times,  when  the  steam 
ia  cut  off  at  '/tsth,  less  diaii.  ao  per  cent,  or  eBS»&h.of  die  heat  conaamedi 
iftcoiiverted  into  nodt  T&KKmaindsr  of  die  faeat  ia  loat,  aa  for  die  pvr- 
pOBB.  a£  die  steam-engine. 

OUfSUMPTIOAr  OF  SXBAM  WoRKED    EXPANSIVELY   2SSL  MOMSMOWSM,  CSW 

Total.  Work  per  Houa. 

The  measure  of  a  horse-power  is  the  performance  of  33,000  foot-pounds 
per  minute,  or  of  33,000  x  60  =  1,980,000  foot-pounds  per  hour.  This  work 
is  to  be  divided  by  the  work  of  i  lb.  of  steam,  and  the  quotient  is  the 
weight  of  steam  or  water  required  per  horse-power  per  hour.  For  example, 
the  total  actual  work  done  in  the  cylinder  by  1  lb.  of  1 00-lb.  steam,  without 
expansion,  and  with  7  per  cent,  of  clearance,  is  58,273  foot-pounds;  and 


work  done  in  the  cylinder  per  horse-power  per  hour:  For  any  diorter  period 
of  admission,  with  expansion,  the  weight  CMf  steam  per  horse-power  is  less, 
as  the  total  work  by  1  lb.  of  steam  is  more,  and  may  be  found  by  dividing 
1,980,000  foot-pounds  by  the  respective  total  work  done;  or  by  dividing 
34  lbs.  by  the  ratio  of  performance,  column  7,  table  No.  295.  In  this  way 
it  is  found  that,  when  the  steam  is  cut  off  at 

I,      H»  }ir      Vs.-  of  stroke, 

the  quantities  of  steam,  or  water  as  steam,  consumed  per  horse^power  of 
total  work  per  hour,  are 

34.0,    26.9,    21.0,    16.Q,.    14.9,    15.5,.    13.1,    12.5  lbs. 

Further,  allowing  that  10  lbs.  of  steam  are  generated  by  the  combustion  of 
I  lb.  of  coal,  the  fuel  consumed  per  horse-power  of  total  work  per  hour  is, 

3.40,     2.69,     2.IO,     1.60,     1.49,     i.35,     1.31,     1.25  lbs. 

Table  (Na  296)  of  the  Total  Work*  domb  by  i  pound  of  Steam 
OF  100  LBS.  Total  Pressure  per  Square  Inch. 

The  table  No.  296,  which  follows,  ib  compiled  on  the  basis  of  the  con- 
ditions above  laid  down,  which  are  repeated  under  die  heading  of  the 
table,  for  ready  reference.  The  ist,  2d,  and  3d  columns  are  repeated  from 
table  No.  295.  The  4th  column,  of  total  actual  work  done  by  x  lb.  of 
steam  of  100  lbs.  total  pressure,  is  calculated  by  multiplying  the  w<A 
without  e\]^ansinn,  namely,  58,273  foot-pounds,  by  the  ratio*;  in  column  3, 
for  the  pru])ortional  work  when  expanded.  The  5th  column  contains  the 
equivalent  of  heat  converted  into  work,  which  is  found  by  dividing  the 
work  in  foot-pounds  by  Joule's  equivalent,  772;  and  the  6th  and  7th 
cc^umns  give  these  values  as  percentages  of  the  total  heat  of  steam  raised 
fix>m  2xa^and  102°  F.  respectivdy.  The  8di  ooluiiin  contsins  the  quantity 
of  steam  consumed  for  the  totad  work  done  ps  hone-power  per  hour. 


58,273 


>  34  lbs.  of  steam,  is  the.  weight  of  steam,  consumed  for  the  total 
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Table  Na  396. — TatM,  Work  dome  by  Oxe  Pound  of  Steam  of 

100  LBS.  TOTAL  PRESSURE  PER  SQUARE  InCH. 

AStmcPTIOlW. — that,  the  initial  pressure  is  uniform;  that  the  expanrioo  it 

complete  to  the  end  of  the  strike;  that  substantially  the  pres^sure  in 
expansion  varies  inversely  as  the  volume;  that  there  is  no  back  pcessure^ 
and.  Unft  them  isao  compfmon. 

Vokune  of  r.  lb.  of  steam  of  too  Ibe.  pninre  per  sqpne  incft,  or  14,400  lbs. 


per  square  ficKrt,   4.33  cubic  feet. 

Product  of  initial  pressure  and  volume,   62,353  foot-pounds. 

Constituent  heat  of  i  lb.  of  this  steam — 

Reckoned  from  313**  F.,   1001.4  unitsi 

Reckaned  from  los*  P.,   iin.4c units. 

Cleaiance  at  eadi  end  of  the  qrlinder,  7  per  cent,  of  the  stroke. 


!  t 

ACTL'Al.  j 

Ratio 

OjKKBSrONOIMO' 

PnuoD  or 

ADMUCIOlf 

or  Cltt-otf.  in 
perceotage  of 
Stroke. 

Total  Actual  Work 
DONBby  i  lb.  of  m^k 
Steam. 

Equivalbnt  op  Hbat 
CQBveited  into  Work. 

Quantity  of 

Steam  con- 
Mimrd  per 

or 

EXPAM- 
SlOlf. 

Ratio  of 
Work  dca\c  i 
(col.  7,  table 

No.  395;. 

A(  tu.'il 
Work 

dOM. 

Heat 
con- 
verted. 

Percentage  of  Consti- 
tuent Heat  converted, 
as  calculated  from 
212'  F.  and  102'  K. 

Horsc-|MJWer 

of  actual 
Work,  done 
per  Hour. 

(x> 
initial 

vol.  =  li 

1.0 

i 

1.18 

1.3 

1.23 

per  cent. 
100 

90-3  or  9/10 

86.0  ' 
83.3  or  5/6 
83.1 

Sao  or  4/5 

(3) 
I.OOO 

1.050 

1.096 

1.138 

1. 164 
I.IoO 

1.306 

molt' 
pounds. 

5«i273  1 

61,193 

63,850 

6^),3io 
67,836 

00,700 
70^346 

(5) 
units. 

75-5 
79-3 

82.7 
85.9 

87.9 

09.1 
91.0 

6) 

:{  from 
212"  F. 

7.5 
/•V 

8.3 

8.6 
8.8 
8.9 

V-.  from 
toa'  K. 

6.7 
T  I 

7.5 
7.8 

l'^ 
8.0 

&3 

(8) 
lbs. 

,  34.0 

1  324 

31.0 

1  29.9 
29.2 

38.8 
38.3 

1.35 

1-3 

1.35 
1-39 

U4 

145 
1.5 

78j6 

75.3  or  ^ 
72.3 

70.0  or  7/,o 
69.4 

66.8  or  2/3 
64-3 

I.22I 
1. 261 
1.297 

1.325 
l.'?'?2 

1-365 

1-399 

73,513 

75.575 
77,616  1 

79.555 
81,546 

93.3 

95.2 

97.9 
100.1 

ioa6 

102.9 
1  '05.6 

9.2 

9.5 
9.8 

10.0 

lai 

10.3 
10.6 

8.3 
8.5 

8.8 
9.0 

9.1 

9.3 
9-5 

'  27.8 
26.9 
26.2 
25.6 
25.5 
24.9 

24.3 

1-54 

1.6 

1.6$ 

1.7 

175 
1.8 

62.0 

59^  or  3/s 

57.9 

56.0 

54-1 
52.4 

1.425 
1.429 
1. 46 1 

1490 

1.520 

1.546 
'•573 

83,055 

83,299 

85.125  j 

86,828 

88,598  ' 
90,115 

91,680 

107.6 
107.9 
iia3 
112.5 
1 14.8 
1 16.7 
118.7 

10.8 
10.8 
11.0 

11.3 
11.5 

1 1.7 

11.9 

97 

9.7 

9-9 
ia3 

10.4 

10.5.  j 
10.7  1 

23.0 

23.7 
23.3 

32.8 

22.4 
22.0 
21.6 

1.85 
1.88 
1.9 

1.95 
3.0 

2J 

50.8 

49.3 

47-9 
46.5 

44.0 

1.^16 

1.624 
1.649 
1.672 
t.718 

93,065 

94»2oo 

94,610 

96,100 

97,432  , 

100,266 

120.5 
122.0 
122.5 
124.5 
126.2 
129.7 

12.0 
12.2 
12.3 
12.4 
12.6 
13.0 

10.8 
1 1.0 

ir.i 

I  1.2 

1 1-3 
1 1.7 

21.3 
21.0 

20.9 
20.6 
20,3 

19.8 

3:3 
3.38 

2.3 
2.4 

3j6 

41.6 

4Qlo  or  *ls 

39.5 

37.6  or  )i 

35.8 

34^ 

1.756 

1.793 

1  1.798 
1.837 
1.875 
1.913 

102,366 
104,466 

104,855 

107,050 
109,266 

IIl^OO 

'32.5 

135.3 

'  1357 
138.6 

141.5 
144.3 

13.2 

13.5 
13.6 

13-9 
14.1 

14.4 

1 1.9 

13.3 

12.3 
12.5 
12.7 
13.0 

19.4 

I9K> 

18.9 
18.5 
18.1 
17^ 
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Table  No.  296  (cotUimied). 


Actual 
Ratio 

corkes  ponding 
Pkriod  ok 
Admission 
or  CVT«PF,  in 
pgrwHimc  of 
Stroke. 

Total  Actual  Work 
DONB  by  I  lb.  of  ioo4b. 
Steam. 

Eqvivalknt  of  Heat 
oonvanadinto  Woik. 

Quantity  of 
Steam  con- 
sumed pxrr 
HcirNcp<.ivi  cr 

of  actual 
Work  done 

per  Hour 

OF 
EXFAN- 
SIOM. 

Ratio  of 
Work  done 
(col.  7,  table 

O.         , . 

Actual 

Work 
done. 

Heat 

con- 
verted. 

Percentage  ofOoMti- 
tuent  Heat  eonverted, 
as  calctilated  fixMn 

212*  F.  .md  102*  F. 

. 

initial 
vol.  =  I. 

2.65 

H 
2.8 

2,9 

3.0 

31 

3-2 

(•) 

per  cent. 

33-3  or  V3 

32.6 

30.2 

29.9  or  3/10 
28.7 
27.5 
26.4 

(3) 
1.925 

1-943 
1.978 

2.006 

2.039 

2.059 
2.083 

4 

foot- 
pounds. 
I  12,220 
113,244 
115,244 
116,885 
I  18,820 
119,970 
121,386 

;5) 
units. 

1454 
146.7 
149.2 
1514 

153.9 

1554 
157.2 

6 

%  from 
eia'  F. 
14.5 
14.7 
14.9 
15.1 
154 
155 

%  from 

13. 1 

13.2 

13.4 
13.6 

13.9 

i3.9 
14.1 

w 

17.7 

17.6 

17.2 

16.9 

16.7 

16.5 

16.3 

3.3 

3-35 
3.4 

3.6 
H 

254 

25.0  or  X 

24.5 

23.6 

22.7 

21.9 

21.2 

2.1 15 
2.129 
2.146 
2.164 
2.187 
2.2II 
2.240 

123,278 
124,066 
125,066 
126,125 

127450 
128,860 

130,533 

159.6 
160.7 
162.0 
163.4 
165.1 

i6i9 
169. 1 

10.0 
16. 1 

16.2 
16.3 
16.5 
16.7 
16.9 

14.4 

14.6 

14.7 
14.9 
15.0 
15.2 

16.1 

i6x> 
15.8 

157 
15.5 
154 
15.2 

3.9 

4.0 

4.1 
4.2 

4.3 

4.4 
4-5 

204 

19.7  or  Vs 
19.1 

18.5 

17.9 

17-3 

16.8  or 

2.262 

2.278 
2.291 
2.315 
2.326 
2.348 
2.370 

131,800 

I3-J70 

133,500 
134,900 

135,555 
136,825 

138,130 

170.7 

171.9 

172.9 
174.8 
175.6 
177.2 
178.8 

17.1 

17.2 

17.3 

17-5 
17.6 

17.7 

17.9 

154 

15-5 
15.6 
15.8 
15.8 
15.9 
16.1 

15.0 

14.9 
14.8 

14-7 
14.6 

"4-34 

4.6 

47 
4.8 

4.9 

5.0 

5.2 
5.4 
5.5 

16.3 
15.8 

iii 

14.4  or  V7 
13.6 

12.8 

12.5  or  yi 

2.387 

2-399 
2.418 

2.422 

2.440 
2.466 

2.497 
2.5 1 1 

139,100 
139.800 
140,920 
141,210 

142,180 
143,720 

145,525 
146,325 

180.2 
181. 1 
182.5 
182.8 

184.2 
186.2 
188.5 
189.5 

18.0 
18.1 

IO.2 

18.3 

18.4 
18.6 
18.8 
18.9 

16.2 

16.3  ! 

W  C  A 
16.4 

16.5 

16.6 
16.9 
16.9 
17.0 

14-23 
14.16 
14.05 
14.03 

1392 
13.78 
13.60 

J3-53 

5.6 
5.8 

5-9 
6.0 

6.2 

6.4 
6.6 

12.1 

114 

1 1 . 1  or  1/9 

10.8 

10.3 

lao  or  >/ie 

97 

9.2  or  i/ii 

2.528 

2.547 
2.556 

2.567 

2.585 

2.597 

2.619 

147,320 

148,390 
148,940 
149,586 
150,630 
151,370 

'  52,033 
152,595 

190.8 
192.2 

192.9 

193-7 
195.1 

196.1 

190.9 
197.7 

19.1 
19.2 

19.4 

19.6 

19.7 
19.8 

17.2 

17.3 

17.4 

17-5 
17.6 
17.6 

177  ' 
17.8 

13-44 

13.34 

13.29 

13-23 
13.14 
13^ 

1 3.02 
12.98 

6.8 

7.0 
7.2 

7.3 

7-4 
7.6 
7.8 
8.0 

8.7 

8.3  or  Vi« 

7-9 

7  7  or  «/i3 
7.5 

7.1  or  V14 
6.7  or  V15 
64  or  «/,6 

2.629 
2.664 
2.683 
2.693 
2.703 
2.7  I  I 
2.719 
2.736 

153,810 
155,200 

156,330 
156,960 
157,560 

157,975 
158414 

1  159433 

199.2 
201.1 
202.6 

203.3 
204.1 

204.6 

205.2 

200.5 

19.9 
20. 1 
20.3 
20.3 
20.4 
204 
20.5 

2a7 

17.9 
18.1 
18.3 
18.3 
18.4 
18.4 

ill 

12.87 

\m 

12.61 

12.57 

>2.53 
12.50 

11.83 
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Appendix  to  Table  No.  296. 

Tablet  of  Multipliers  for  the  total  Work  done  by  i  lb.  of  Steam  of 
other  Pressures  than  100  lbs.  per  Square  Inch,  to  be  applied  to  the 
total  actual  Woik  as  given  in  the  table.  See  explanatory  notice  of  the 
table,  page  840. 


Total  Pressures  below  loo  lbs.  per 
Squmv  lack. 

Total  Pressures  above  icq  lbs.  per  ! 
Squuvlnch. 

lbs.  per  square  inch. 

muUiplicr. 

1  lbs.  per  square  inch. 

multvlier. 

•975 

100 

tJOOO 

70 

.981 

no 

1.009 

75 

.986 

120 

I.OI  I 

80 

.988 

130 

i.oi  5 

85 

.991 

140 

1.022 

90 

X 

1.025 

9S 

IJ031 

An  initial  total  pressure  of  1 00  lbs.  per  square  inch  has  been  adopted  for 
the  table,  as  an  average  j)ressure  in  ordinary  good  practice,  and  the  contents 
of  the  table  are  good  as  api)roximate  values  for  other  ])ressures  considerably 
different  from  100  lbs.,  more  or  less.  A  tablet  is,  however,  ap])ended  to  the 
table  No.  296,  containing  multipliers  for  various  other  total  pressures,  which 
may  be  applieid  to  the  tMl  adnial  work  given  in  the  table  for  the  purpose 
of  detennming  the  correct  total  quantities  of  work  for  steam  of  the  respec* 
tive  pressures.  These  multiplieis  are  arrived  at  by  multiplying  the  total 
pressure  of  any  other  given  steam  per  square  foot,  by  the  volume  in  cubic 
feet  of  1  lb.  of  such  steam,  and  dividing  the  ])roduct  by  62,352,  which  is 
the  product  in  foot-pounds  for  steam  of  100  lbs.  pressure.  The  quotient 
is  the  multii)lier  for  the  given  pressure.  From  the  tablet  it  appears  that, 
between  the  extremes  of  65  lbs.  and  160  lbs.  per  square  inch,  the  deviation 
from  the  work  done  as  given  for  100  lbs.  pressure  does  not  exceed  2^  and 
3  percent 

Net  Cylinder-Capacity  Rklative  to  the  Steam  Expended  and 

Work  done  in  one  Stroke. 

The  quantity  of  cylinder-capacity  required  for  the  performance  of  a  given 
weight  of  steam  admitted  for  one  stroke  depends  on  the  volume  of  the 
steam,  and  on  the  ratio  of  expansion.    If  the  given  weight  admitted  be 

multiplied  by  the  volume  of  r  lb.  of  the  steam  and  by  the  actual  ratio  of 
expansion,  the  product  is  the  gross  cylinder-capacity,  including  clearance. 
For  example,  if  i  lb.  of  steam  of  100  lbs.  {tressure  per  square  inch  be 
admitted  for  the  whole  stroke,  without  expansion,  the  gross  capacity  is  the 
volume  of  i  lb.  of  such  steam,  namely,  4.33  cubic  feet;  and  the  net 
capacity,  supposing  the  clearance  to  be  7  per  cent,  of  the  stroke,  is 

4.33  X  =  4.047  cubic  feet 

100+7   ^  ^' 
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If,  again,  2  Ibs.  of  steam  of  100.  lbs.  pressnze  be  admitted  and  expanded 
into  three  times  its  initial  volmne,  the  gross  capacity  is, 

4*331  X  2.  X  3  s  2.5.98.  cubic  feet ; 

and  the  net  capacity  is 

25.98  X  —  s  24.28  cubic  feet 
107 

From  this  is  derived  following  rule  for  net  capacity: — 

Rule  6.  To  find  the  nd  Capacity  of  Cylinder  for  a  giim  Weight  of  Steam 

admitted  for  one  stroke,  and  a  }^iv€n  adual  ratio  of  expansion. — Multiply  the 
volume  of  1  lb.  of  the  steam  by  the  given  weight  in  pounds,  and  by  the 
actual  ratio  of  exj)an.siun.  Multiply  the  product  by  100,  and  divide  by 
100  plus  the  percentiige  of  clearance.  The  quotient  is  the  net  capacity 
of  cylinder: 

Again,  the  quantity  of  cylinder-capacity  required  for  the  performance 
of  a  given  amount  of  total  actual  work,  in  one  stroke,  depends  on  the 
initial  pressure,  and  the  actual  ratio  of  expansion,  according  to  the  follow- 
ing rule: — 

Rule  7.  To  find  the  net  Capacity  of  Cylinder  for  the  performance  of  a  ^vai 
amount  o  f  total  Actual  IForh,  in  one  stroke,  icifh  a  i^iren  initial  pressure,  and 
actual  ratio  of  expansion. — Divide  the  given  work  by  the  total  actual  work 
done  by  i  lb.  of  steam  of  the  same  pressure,  and  with  the  same  actual  ratio 
of  expsmsion;  the  quotient  is  the  weight  of  siseam  necessary  to  do  the  given 
work,  for  which  the  net  capacity  is  found  by  Rule  6,  preceding. 

Conversely,  the  weight  of  steam  admitted  per  cubic  foot  of  net  capacity, 
for  one  stroke,  is  the  reciprocal  of  the  cylinder-capacity  per  pound  of  steam, 
as  obtained  by  Rule  6. 

Likewise,  the  total  actual  work  done  per  cubic  foot  of  net  capacity,  for 
one  stroke,  is  the  reci])rocal  of  the  cyHnder-capacity  per  foot-pound  of  work 
done,  as  obtained  by  Rule  7. 

Finally,  the  total  actual  work  done  per  square  inch  of  piston,  per  foot  of 
the  stroke,  is  '/144th  part  of  the  work  done  per  cubic  foot;  a  prism  i  im^ 
square  and  i  foot  long  being  Vi44^^  ^  oj^Ac  foot   The  work,  in 

either  measure,  is  in  direct  proportion  to  the  mean  total  pressure  per 
squaseinch. 

Table  of  Relations  of  Net  Capacity  ok  Cylinder  to  Steam 

Admitted  and  Work  done. 

The  table  No.  297  gives  the  net  capacity  of  c\  linder  required  in  relation 
to  the  (juantity  of  steam  of  100  lbs.  total  pressure  per  square  inch  consumed, 
and  of  work  done,  in  one  stroke.  Columns  i,  2,  and  3,  are  the  ratios  of 
expansion,  periods  of  admission,  and  total  actuiil  work  done  by  1  lb.  of 
Steam  of  100  lbs.  pressure,  repeated  from  columns  i,  2,  and  4,  in  the 
previous  table,  Na  296.  In  the  4di  column  axe  the  net  capacities  of 
cylinder  required  for  each  pound  of  steam  admitted  for  one  stroke, 
found  by  Rule  6;  and  in  the  5th  column  are  the  net  capacities  of 
cylinder  for  100,000  foot-pounds  of  total  actual  work  done  in  one  stroke, 
found  by  Rule  7.  The  6th  column  contains  the  weiuhts  of  steam  of 
100  lbs.  pressure  admitted  to  the  cylinder  for  one  stroke,  per  cubic  foot  of 
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net  capacity.  These  values  are  simply  the  reciprocals  of  those  in  column  4. 
The  7th  column  contains  the  total  actual  work  done  by  steam  of  100  lbs. 
initial  pressure,  for  one  stroke,  per  cubic  foot  of  net  capacity.  These 
values  are  the  products  of  the  reciprocals«of  "Aose'in  column  5,  by  100,000, 
since  this  is  the  number  of  foot-pounds  for  miuch  the  values  in  column  5 
are  calculated.  The  8th  column  gives  the  total  actual  work  per  square 
inch  of  piston-area,  per  foot  of  stroke,  in  foot-pounds;  the  initial  pressure 
is  100  lbs.,  and  the  follo\\ing  ])ressures,  for  the  difTerent  ratios  of  expansion, 
may  also  be  read  as  |)ercentages  of  the  initial  iJicssure.  The  total  actual 
works  are  directly  proportional  to  the  mean  total  pressures  per  square  inch, 
as  given  in  column  4,  table  No.  295,  page  836,  where  the  initial  pressure 
is  taken  as  i;  and  the  toner  have  been  fomid  by  multiplying  the  latter 
respectively  by  100. 

The  contents  of  the  table  No.  v^j  are  calculated  for  steam  of  100  lbs. 
per  square  inch,  total  initial  pressure;  but  they  are  available,  with  the  aid 
of  a  set  of  multipliers,  for  other  pressures.  For  column  3,  the  total  actual 
work  done,  the  multipliers  have  already  been  given  in  the  tablet  apjjended 
to  the  table  at  page  848,  for  pressures  of  from  65  lbs.  to  160  lbs.  per 
square  inch.  For  column  4,  of  the  net  capacity  of  cylinder  per  pound  of 
steam  expended  in  one  stroke,  the  multipliers  are  simply  the  ratios  of  the 
vcdiune  of  i  pound  of  loo-lb.  steam  to  the  respective  volumes  of  i  pound  of 
steam  of  other  initial  pressures.  H&us,  for  steam  of  65  lbs.  total  pressure,  of 
which  the  volume  of  i  pound  is  6.49  cubic  feet,  to  be  compared  with  4.33 
cubic  feet,  which  is  the  volume  of  a  pound  of  loo-lb.  steam,  the  multiplier  is 

4-33 

and  the  net  capacity  of  cylinder  per  pound  of  iS5-lb.  steam,  when  the 
steam  is  admitted  for  the  whole  of  uie  stroke,  is 

4.05  cubic  feet  (for  loo-ib.  steam)  x  1.5  =  6.07  cubic  feet. 

For  column  5,  of  the  net  capacity  of  cylinder  per  100,000  foot-pounds 
of  total  actual  work  done  in  one  stroke,  the  capacity  for  other  pressures  is 
modified,  in  the  first  i)lace,  in  the  inverse  ratio  of  the  multipliers,  as  found 
for  tablet,  page  848,  for  loo-lb.  steam,  and  steam  of  the  given  pressure; 
secondly,  in  the  ratio  of  the  volume  of  i  pound  of  100-lh.  steam,  to  that  of  a 
pound  of  the  given  steam.  For  examiile,  for  steam  of  65  lbs.  total  pressure 
per  .square  inch,  the  weight  of  loo-lb.  steam  to  do  a  given  total  work,  as 
compared  with  the  weight  of  65-lb.  steam,  is  as  .975  to  i.ooo,  and  the 
volumes  of  a  pound  each  of  the  two  steams  are  respectively  4.33  and  6.49 
cubic  feet,  or  as  i  to  i.^  as  already  found.  The  values  m  column  5  are 
therefore  to  be  increased  in  the  compound  ratio  of 

•975  to  I.ooo 
and     I  to  1.5 


or,  combined,  as  .975  to  1.5, 
or  as     r  to  1.54. 

The  multiplier  for  65-lb.  steam  is  thus  1.54. 
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Table  No.  297. — Kkt  Cyundbr-Capacity,  witb  Rblation  to  Steam 
Admitted,  and  Total  Actual  Work  done. 

For  Steam  of  lOO  lbs.  total  pressure  per  square  inch. 


Clearance  at  each  end  of  the  Cylinder,  7  per  cent,  of  the  stroke. 


Net  Capacity  of 
Cylindar. 

Per  Cubic  Foot  of  Net 
Capacity  of  Cylinder. 

Total 

TI  AL 
WoKK 

ix>NK  per 
Str,  Inch 
of  Piston, 
per  Foot  of 

Stroke, 
by  100  Iba. 
Steam. 

ACTVAI. 

Ratio 

or  ' 
Expan- 
noN. 

PsMOD  or 

Admissiok,  or 

CrT-OFF,  as  a 
Percentage  oC 
StrolM. 

Total 
Actual 

WoKK'  IKIS  E 

by  1  ib.  of 
toMbb  Steam. 

Per  pound 

of  iro  lb. 

Steam, 
admitted 
in  one 
Stroke. 

PcrioOjOoo 
Foot-  [ 
pounds  of ; 
Total  Ac- 
tual Work  1 
done  by  | 
Steam  of  1 
100  lbs. 
pressure, 
in  one 
Stroke. 

Weight 
OP  Stbam 

of  ioolb»., 

Total 
Pressure 
adniiited 
for  one 
Stroke, 
per  Cubic 
Foot. 

Total 
Actual 

W0«KtX>NS 

hyStcTmof 

ICO  lbs  , 
7'ot.ii  Initial 
Pressure, 

in  one 
Strolt^per 
Cubicroot. 

(I) 

limial  vol- 
ume =  I. 

1.0 

1.05 

I.I 

1. 15 
1. 18 
1.2 
1.23 

1.25 

1.3 

1-35 

(2) 
per  c«nt. 

100 

95.0 

90.3  or  9/,o 
86.0 

83.3  or  5/6 
82.1 

B0.0  or  ^Is 

78.6 

75-3  or  H 
72.3 

foot-pounds.  1 
58,273 

01,193 

63,850 

66,310 
67,836 
68,766 
70,246 
71,151 

73,5«3 
75,575 

cubic  feet. 

4.05 
4.25 

4-45 
4.65 

4.78 

4-86 

4.08 

5.06 
j  5.26 
5.46 

cu.  feet. 

6.94 
6.95 

6.97 

7.02 

7.04 
7.06 

7.1 1 
7.16 
7.23 

■6 

pound. 

.247 

•235 
.225 

.215 

.209 

.206 

.30t 

.198 

.190 

.183 

foot-pounds. 
14,400 
14,388 

I4»347 

14,245 
14,204 

14,164 

I4.IOd. 

i4'065 
13,966 
13,831 

(8; 

foot- 
pounds. 

100 

99.97 
99.6 

99.0 

98.6 

98.3 

98.0 

97-7 

1  96.9 
1  96.1 

1.39 
1.4 

"45 

1-5 
1.54 

\f 
1.65 

17 
1-75 

70.0  or  7/,o 

69.4 

66.8.or 

643 

62.5  or  X 
62.0 

59.9  or  3/5 

57-9 
56.0 

54.1 

77,242 
77,616 

79,555 

81,546 

83,055 

83,299 
85,12; 

86,828 

88,598 
90,115 

5-63 
5.67 
5.87 

6.07 
6.23 
1  6.27 
6.47 

6.68 
6.88 
7.08 

7.28 
7.30 
7.38 

7-45 
*  7.50 

7-53 
7.61 

7.69 

7.77 
7.92 

.178 
.176 
.170 

.165 
i  .161 
.159 

.150 

.145 
.141 

13,736 

"3,699 
13,550 

13423 

13,333 
13,280 

I  ^.141 

*  J,  *  *T  * 

13,004 
12,870 

12,626 

95-3 
95.1 

9M 

!  93-2 

:  92.5 
92.2 

1  91-3 

90.3 
89.4 

88.3 

1.8 

1.85 

1.83 

».9 

1.95 
2.0 

2.2 
2  28 

2-3 

52.4 
50.8 

50.0  or  >i 

49-3 
47-9 
46.5 

41.6 

40.0  or 
39-5 

91,680 
93,065 
94,«» 

94,610  ' 
96,100 
1  97,432 

102,366 

104.466 

104,855 

7.30 

7-49 
7.61 

7.69 

7.89 

8.09 

8.50 

8.90 

0.23 

931 

7.95 
8.04  1 

8.08 

8.13 

8.22 

8.3.  , 

8.49 

8.70 

8.83 

8.89 

.137 
.134 
.131 

•130 
.127 
.124 
.118 

.112 
1  .108 
■  .107 

12,579 
12438 

12,376 

12,300 

12,165 
12,034 
11,778 

11,494 

",325 
11,249 

87.3 
86.4 
86.0 

1  85.4 

'  84.6 
i  83.6 

!    01. 0 

79-9 
78.7 

78.2 

2.4 

2.5 
2.6 

2.65 

2.7 
2.8 

2.9 

37.6  or  )i 

35.8 
34.3 

33.3  or  V3 
32.6 

30.2 

29.9  or  3/,o 

107,050 
109,266 
111,400 

112,220 

"3,244 
115,244 

1 16,855 

9.71 
10.12 
10.52 

1  10.72 
i  10.93 
1  11-33 
1  11.74 

9.07 
9.26 

1  9.45 

9.56 
9.65 

:  9-83 
,  10.04 

.103 

•099 
.095 

•093 

.ogi 
.088 
.085 

11,025 

Jo,799 
10,582 

10,460 

10,363 

10,173 
9,960 

76.6 
75.0 
73.6 

72.6 
71.9 
70.6 
69.2 
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Actual 
Ratio 

Or 
ExPAN- 
SICK. 

Pnic^  OP 
Admissioii,  or 

V,UT«Vrr(  Ml  ft 

Percentage  of 
Stroke. 

Total 
Actual 

vrOilK  DONB 

by  I  lb.  of 
too-lb.  StMoi. 

Net  Capacity  of 
Qplmder. 

Per  Cubic  Foot  of  Net 
OMMdty  of  Cyfinder. 

Total 

ACTtTAL 

Work 
DONK  per 
Sti.  Inch 
of  rision, 
per  r  ooi  oi 

Stroke, 
by  loolba. 
Steam. 

Per  pound 
of  loo-lb. 
oteam, 
admitted 
in  one 
Stroke 

Fool- 
pounds  of 

'I  ,',t  ,1  A,- 

tual  Work 
done  by 

Steam  of 
100  lbs. 

pramve, 
in  one 

Weight 

of  100  lbs., 
Total 
Pressure 

admitted 
for  one 
Stroke, 

Dcr  Ciiliir 

Fool 

Total 

ArTii  At 

'Work  DONE 
by  Steam  of 

100  IDI., 

Total  InidaJ 
Ptessure, 

in  one 

Cubic  Fout. 

1 

(4) 

(5)  1 

m 

(7) 

/B\ 
{0} 

pcf  cent. 

foot-pounds. 

cuUc  feet. 

Ctt.  fecL 

pound. 

foot-pounds. 

\  pounds. 

28.7 

118,820 

12.14 

10.22 

.082 

9785 

67.9 

31 

27.5 

109,970 

12.55 

10.46 

.080 

9,560 

66.5 

3-2 

26.4 

121,386 

12.95 

10.67 

-077 

9,372 

65.2 

3-3 

25.4 

123,278 

1335 

ia83 

•075 

9,234 

64.1 

3-35 

25.0  or  X 

124,066 

13-56 

to.95  1 

.074 

9,149 

63.7 

3-4 

24.5 

125,066 

1376 

I  1. 00 

•073 

9,091 

63.1 

3-5 

23.6 

126,125 

14.16 

II. 21 

•071 

8,961 

01.9 

3-6 

22.7 

127,450 

1457 

11-43 

.069 

8,749 

008 

3-7 

21.9 

138,860 

14-97 

11.60 

.067 

8,621 

III 

3.8 

31.2 

130,533 

15.38 

11.78 

.065 

8,489 

58.9 

3.9 

20.4 

131,800 

15.78 

11.98 

.063 

8.347 

57-9 

4-0 

19.7  or  Vs 

132,770 

16.19 

12.19 

.062 

8,203 

56.7 

4.1 

19.1 

i33»5oo 

16.59 

12.39  1 

.060 

8,071 

55-9 

4.2 

18.5 

134,900 

17.00 

12.60 

.059 

7,936 

55-1 

4.3 

17.9 

135.555 

17.40 

12.80 

.058 

7,812 

54.2 

4.4 

'73 

136,825 

17.81 

13.01 

.056 

7,686 

53-3 

fk 

16.0  or  '/6 

138,130  , 

18.21 

13.19 

.055 

7,581 

52.6 

4.0 

139,100 

18.62 

13.38 

.054 

7474 

•  .  0 
51.0 

4.7 

15.0 

139,800 

19.02 

15.58 

.053 

7*364 

5I.I 

4.8 

i4<Wo 

19-43 

13.79 

.051 

7,352 

50.3 

4.9 

14.8  ' 

141,210 

19.83 

14.01  ; 

.050 

7,138 

494 

14.4  or  »/? 

142,180 

20.23 

14-23 

.049 

7,027 

48.8 

5-2 

13-6 

143,720 

21.04 

14.64 

-047 

6,831 

47-6 

5-4 

mm  S 
12.0 

145,525 

21.85 

15.02 

.046 

6,658 

40.2 

5-5 

12.5  or  >| 

•46,325 

22.25 

15.20 

.045 

6,579 

45-7 

5.6 

1 2. 1 

147,320 

22.66 

15.38 

.044 

6,502 

45.0 

5.8 

114 

148,390 

2347 

15.80 

.043 

6,329 

43-8 

5-9 

ll.i  or  '/g 

148,940 

23.87 

16.01  ' 

.042 

6,246 

43-2 

0.0 

10.0 

149,586 

34.38 

16.23  ; 

.041 

6,161 

AM  ev  1 

j   427  ' 

0.2 

I5<V030 

35.09 

16.63 

.040 

6/)i3 

A  W  ^  1 
'       41.9  ' 

6.3 

1 0.0  or  »/io 

151,370  I 

25.49 

16.83  1 

.039 

5,942 

1 

41.3 

6.4 

9-7 

152,033 

25.90 

17.04 

.038 

5,868 

40.7 

6.6 

9-2  or  Vii 

152,595  1 

26.71 

17.47 

-037 

5724 

,  39.8 

ImI 

0-7 

153,510  1 

27.52 

17.89  1 

.036 

5,590 

7.0 

8.3  or  */«• 

155,200  1 

38.33 

18.27  i 

•035 

5473 

38.1 

7.2 

7.9 

156,330 

29.14 

18.64 

•0343 

5,365 

37.3 

7-3 

7.7  or  «/t3 

156,960 

29.54 

18.83 

•0339 

5,311 

369 

7-4 

157,560 

29.95 

19.01 

.0334 

5,260 

36-5 

7.6 

7.1  or  '/m 

157,975  • 

30176 

1947  1 

■0325 

5,136 

357 

7.8 

6.7  or  V15 

158,414 

31.57 

19-93 

•0317 

5,018 

34.8 

&o 

64  or  »/i6 

I   159^33  • 

32.38 

20.31  1 

.0309 

4,923 

,  34-2 
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Appendix  to  Table  No.  297. 

Tablet  of  Mxtltituers  tor  Net  CYLiNDBR^CAPAaTv,  Stsam 
Admitted,  and  Total  Work  done. 


For  Steam  of  other  pressures  than  100  lbs.  per  square  inch. 
(See  explMwtofy  aodoe  of  the  tafalq^  page  844.) 


Total  Prw> 

ftfULTiruBiia. 

Squaie  Inch. 

For  Column  3. 
XoUil  Work 

For  (.'iilismn  4. 

i.  ^11.11* It  V 

For  Column  5. 

For  Column  6. 
Weight  of 
Steam. 

For  Columns 
7  and  8. 
Work.  i 

lbs. 

65 

70 

75 
80 

85 
90 

95 
100 

1 10 

120 

Uo 
140 

150 

160 

.975 
.981 

.986 

.988 

.991 

•995 
.998 
1.000 

i.oog 

I.OI  I 

I.OI  5 

I.023 
I.OS5 
I.OJ1 

1.50 
1.40 

I.3I 
1.24 

1.17 
I.I  I 
1.05 
1.00 
.917 

.843 
.781 

•730 
.683 
.644 

1.54 

1.43 

J -33 
1.25 

1. 18 

1. 1 1 

1.05 

1.00 

.909 

.833 
.769 

•7H 
.667 

^3$ 

.666 
.714 

.763 
.806 

•855 
.901 

.952 

1.00 

1.09 

1. 17 
1.28 
1-37 

1.55 

.65 

.70 

.75 
.80 

.85 
.90 

.95.  ^ 
1.00  * 

1. 10 

1.20  ' 

1.30 

1.40 

1.50 

1.00 

For  coliiiun  0,  of  the  weights  of  steam  per  cubic  foot  of  net  capacity 
for  one  stroke,  the  weights  given  for  loo-lb.  steam  are  to  be  multipHed  by 
the  reciprocals  of  the  muhiplieis  for  column  4,  coiresponding  to  other  pres- 
sures. Thus*  for  65-lb.  steam,  the  multiplier  is  the  reciprocal  of  1.5,  or 
.666.  For  column  7,  of  the  total  actual  work  done,  per  cubic  foot  of  net 
capacity,  for  one  stroke,  the  work  given  for  loo-lb.  steam  is  to  be  multiplied 
l)y  the  reciprocal  of"  the  multipHer  for  column  5,  as  rletermined  for  the  given 
other  pressure.  Thus,  for  65-lb.  steam,  the  multiplier  is  the  reciprocal  of 
1.54,  or  .65. 

For  the  total  actual  work  done  per  square  inch  of  piston  per  foot  of 
stroke,  by  steam  of  any  other  pressure,  Uie  values  given  in  column  8,  for 
loo-Ib.  steam,  are  to  be  multiplied  by  the  given  pressure  and  divided  by 

loo.    For  65-lb.  steam,  for  example,  the  multiplier  is,  in  fact,       =  .65,  the 

100 

same  as  for  colunm  7.  Otherwise  regarded,  the  values  in  column  8  may 
l)e  taken  as  percentages  of  the  work  for  steam  as  admitted  for  the  whole  of 

the  stroke,  whatever  the  initial  i^ressure  may  be. 

It  is  apparent  that  the  multipHers  for  columns  7  and  8,  are  sim])lv  equal 
to  the  respective  total  j)ressures  divided  by  100,  since  the  multiplier  for 
loo-lb.  pressure  is  taken  as  i.  These  multipliers  must  obviously  be  in  the 
direct  ratio  of  the  pressures;  and,  of  course,  the  multipliers  for  column  5 
must  be  in  the  invene  ratio  of  the  pressures. 
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COMPOUND  STEAM-ENGINE. 

The  compound  steam-engine,  consisting  of  two  cylinders,  is  reducible  to 
two  forms,  in  which,  first,  the  steam  from  the  first  cylinder  is  exhausted 
direct  into  the  second  cylinder,  as  in  the  Woolf  engine;  and,  second,  die 
steam  frum  the  first  cylinder  is  exhausted  into  an  uUermediate  reservoir, 
whence  the  steam  is  supplied  to,  and  expanded  in,  the  second  cylinder,  as  in 
the  ''recehrer-engine.^  In  the  Woolf  engine,  according  to  the  original  t>'pe, 
die  pistoiis  of  the  two  cyUnden  move  together,  and  inake  the  same  strokes 
simultaneously,  the  steam  from  the  top  and  the  bottom  of  the  first  cylinder, 
being  exhausted  into  the  bottom  and  the  top,  respectively,  of  the  second 
cylinder.  In  the  rerciver-cnj^inc,  the  pistons  are  connected  to  cranks  on 
one  shaft,  at  right  angles  to  each  other. 

It  is,  in  the  first  place,  assumed  that  there  is  no  clearance  at  cither  end 
of  either  cylinder;  that  there  is  no  frictional  resistance  nor  other  hindrance 
m  the  engine  to  the  flow  of  steam;  that  the  pressure  of  expanding  steam 
is  inversely  as  the  volume;  that  the  expansion  of  the  steam  is  continued  in 
both  cylinders  to  the  end  of  the  stroke;  and  that  in  the  second  cylinder 
the  steam  acts  against  a  perfect  vacuum  on  the  other  face  of  the  piston.  It  is 
assumed,  further,  that  no  intermediate  fall,  or  "droj)''  of  pressure  takes 
place  between  the  first  and  second  cylinders;  that  is,  that  the  initial  pressure 
in  the  second  cylinder  is  e(|ual  to  the  final  jircssure  in  the  first  cylmder; 
also,  that  there  is  no  lo.ss  of  steam  by  condensation  within  the  cylinders. 

Taken  generally,  the  work  done  by  expansion  into  the  second  cylinder, 
is  that  due  to  the  increase  of  volume  of  the  steam  in  this,  the  second  stage. 

Woolf  Engine — ^Ideal  Diagrams. 

The  diagrams  of  pressure  of  the  Woolf  engine  are  produced  in  Fig.  334, 
as  they  would  be  described  by  the  indicator,  according  to  the  arrows.  In 
these  ideal  diagrams,  is  the  atmo- 
spheric line,  w  n  the  straight  line  of 
perfect  vacuum,  c  d  the  straight  line 
of  admission;  the  terminal  lines,  mc 
and  //^,  straight  and  peri>endicular 
to  the  atmospheric  line,  dg  the  hyper- 
bolic curve  of  expansion  in  the  first 
c^linder,and^A  the  consecutive  expan- 
sion-line of  back  pressure  for  the  re- 
turn stroke  of  the  first  piston,  and  of 
positive  pressure  for  the  steam  stroke 
of  the  second  jiislon.  At  the  jtoint//, 
at  the  end  of  the  stroke  of  the  second 
piston,  the  steam  is  exhausted  into  the 
condenser,  and  the  pressure  falls  to  the 
level  of  perfect  vacuum,  mn. 

The  diagram  pertaining  to  the  second 
cylinder,  below  the  curve  gh^  is  char- 
acterized by  the  absence  of  any  specific  period  of  admission  ;  the  whole  of 
the  steam-line  ,(^//  bcinu'  c\i)ansivc,  and  generated  by  the  exi)ansion  of  the 

initial  body  of  steam  contained  in  the  first  cylinder  mto  the  second.  The 

M 


-40 


Y^.  334.— Woolf  Engine:— Ideal  Indicator 
DiagiBini. 
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initial  volume — the  volume  of  the  first  cylinder — is,  however,  gradually  re- 
duced by  the  advancing  movement  of  the  first  piston,  by  which  the  initial 
steam  is  gradually  driven  into  the  second  cylinder;  until,  when  the  stroke 
is  completed,  the  whole  of  the  steam  is  transferred  from  the  first,  and  is 
shut  into  the  second  cylinder.  1  he  first  cyhnder,  then,  acts  as  a  collaps- 
ible head  to  the  second  cylinder  for  each  steam-stroke  of  the  latter;  the 
second  cylinder  being,  at  the  beginning  of  the  stroke,  augmented  by  the 
capacity  of  the  first ;  and  at  the  end  of  the  stroke,  reduced  to  its  normal 
dimensions.  The  final  pressure  and  volume  of  the  steam  in  the  second 
cylinder  are,  consequently,  the  snme  as  if  the  whole  of  the  initial  steam  had 
been  admitted  at  once  into  the  second  c  ylinder,  and  then  exi>anded  to  the 
end  of  the  stroke  ;  the  hyj)othetical  j)eriod  of  admission  being  such  a  frac- 
tion of  the  stroke  of  the  second  cylinder  as  would  represent  the  ratio  of 
the  volume  of  the  first  cylinder,  which  is  the  volume  of  the  steam  admitted, 
to  that  of  the  second  cylinder. 

The  net  work  of  the  steam,  according  to  the  supposed  distribution  in 
one  cylinder  only,  would  be  the  same  as  in  the  two  cylinders  compounded. 
Constnict  a  combined  diagram,  with  a  continuous  expansion-line,  by 
piecing  the  first  upon  the  second  of  the  two  diagrams,  Fig.  334,  page  849. 
representing  the  work  as  if  it  were  done  in  one  cylinder  equal  in  capacity 
to  the  second  of  the  comjiound  cylinders,  l  or  this  purpose,  the  first 
diagram  is  to  be  contracted  to  a  length  bearing  the  same  proportion  to  the 
length  of  the  second  diagram,  as  the  volume  df  the  first  (^linder  to  that  of 
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F»g-  335-— Woolf  Engine:— Ideal  Diagrams,  Fig.  336.— Woolf  Engine:— Ideal  Diagranu, 

reduced.  oombined. 

the  second  cylinder — in  this  example,  one-third.  It  is  necessary  to  do  so  in 
order  to  reduce  the  two  elements  of  the  combined  diagram  to  the  same  hori- 
zontal scale  for  measurement.  When  the  strokes  of  the  cylinders  are  equal 
to  each  other,  the  ca]>acities  arc  in  the  simple  ratio  of  their  areas.  In  this 
examjjle,  therefore,  the  length  of  the  first  diagram  is  to  be  reduced  to  one- 
third  of  the  length  of  the  second.  For  this  j)urj^ose,  let  .ij^// w//,  Fig.  335, 
annexed,  be  tlie  diagram  from  the  second  cylinder,  over  which  the  original 
diamam  from  the  second  cylinder  is  shown  in  dotting.  Draw  parallel 
to  the  base,  and  mAc  perpendicular  to  the  base,  equal  to  the  height  of  the 
first  diagram;  set  off  ^'"^  equal  to  one-third  of  the  base,  and  upon  this 
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reduced  base  g'"g''  complete  the  first  diagram  cd^^  by  diawing  cd  ])arallel 
to  the  base,  and  equal  to  one-third  of  it,  and  the  expansion-curve  dg".  For 
the  lower  i)art  of  the  figure,  the  line  of  back  j)rcssurc  ^"11  may  be  described 
by  the  method  of  ordinates,  repeated  from  the  curve  gli.  Thus  the  contracted 
diagram  cdg'li  is  completed.  To  combme  the  first  diagram,  thus  redu(  ed 
to  uniformity  of  scale,  with  the  second  diagram,  let  again  ghmn^  Fig.  336, 
annexed,  be  the  second  diagram,  and  descnbe  the  first  diagram  as  reduced, 
in  a  reversed  position  €dg^h\  at  the  head  of  the  second  diagram,  the  same 
letters  of  reference  being  used.  Finally,  continue  the  hyperbolic  expansion- 
line  dg^  to  the  end  of  the  stroke  at  h.  Then  the  area  gg''kf  is  equal  to 
the  area^^V/',  and,  when  substituted  for  it,  completes  the  regular  indicator 
diagram  cd/unn,  with  a  continuous  expansion  line  dg''/i.  The  substitution 
is,  in  fact,  necessary,  since  the  lower  part  of  the  first  diagram  partly  overlaps 
the  second  diagram. 

According  to  this  combination,  the  upper  part  of  the  diagram,  Fig.  336, 
above  the  curve  gh^  namely,  cdhg,  represents  the  diagram,  as  contracted,  for 
the  first  cylinder,  modified  in  form,  but  unaltered  in  area;  and  the  lower 
part,  below  the  curve  gh^  remains  unaltered,  both  in  form  and  in  area,  as 
the  diagram  for  the  second  cylinder.  The  combined  diagram,  as  a  whole, 
exactly  measures  the  whole  net  work  done  in  both  c)  linders,  and  is  such  as 
would  be  formed  by  admitting  and  expanding  the  same  quantity  of  steam 
in  one  cylinder  having  the  dimensions  of  the  second  cylinder,  with  the 
period  of  admission,  cd,  equal  to  one-third  of  the  capacity  of  the  tirst 
cylinder,  or  one-ninth  of  the  capacity  or  the  stroke  of  the  second  cylinder. 

It  follows  further,  that  the  work  effected  by  expansion  into  the  second 
qrlinder  of  the  Woolf  engine, — ^that  is,  the  total  work  arising  from  expansion 
agvnst  the  second  piston,  plus  the  gain  of  work  in  the  first  cylinder  by  the 
gradual  reduction  of  back  pressure  in  accordance  with  the  expansion, — is 
equal  to  that  which  would  be  effected  by  delivering  the  whole  of  the  steam 
into  the  second  cylinder  before  expansion  is  commenced,  as  in  the  receiver- 
engine.  By  this  distribution,  the  upper  part  of  the  combined  diagram. 
Fig.  336,  cut  off  by  the  horizontal  line  gg''^  would  measure  the  net  work  of 
the  first  cylinder,  as  there  would  be  a  uniform  back  pressure  equal  to  ng 
on  the  piston;  and  the  lower  part  of  the  diagram,  bdow  g^^  would  mea- 
sure the  work  of  the  second  cylinder,  with  a  period  of  admission  equal 
to  gg^t — the  capacity  of  the  first  cylinder  at  tfie  pressure  ng, — ^and  with 
expansion  to  the  end  of  the  stroke. 

To  exemplify  the  foregoing  conclusions,  under  the  conditions  originally 
stated,  suppose  that  the  steam  is  admitted  to  the  first  cylinder  at  a  total 
initial  pressure  of  63  lbs.  per  square  inch;  that  the  areas  of  the  first  and 
second  cylinden  are  respectively  i  and  3  square  niches,  and  that  the 
common  length  of  stroke  is  6  feet  The  steam  being  cut  off  in  the  first 
cylinder  at  one-third  of  the  stroke  for  the  i)eriod  of  admission,  cd.  Fig.  335, 
page  850,  it  is  expanded  to  three  times  its  initial  volume,  and  to  one-third 
of  the  initial  pressure,  namely,  ng,  equaVto  21  lbs.,  at  the  end  of  the  .stroke. 
The  steam  is  admitted  to  the  second  cylinder  at  the  same  pres.sure,  ng, 
and  is  expanded  there  to  three  times  the  volume  it  acquired  in  the  first 
cylinder,  or  to  3  x  3  =  9  times  the  initiiil  volume  in  the  first  cylinder.  At 
the  same  time,  the  pressure  is  reduced  in  the  second  cylinder  to  one-third 
of  the  final  pressure  in  the  first  cylinder,  or  to  one-ninth  of  the  initial  pres- 
sure there,  namely,  to  7  lbs.  per  square  inch,  measured  by  tnh.  Fig.  335. 
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The  work  of  the  compound  engine  may  be  calculated  from  the  combined 
diagram,  Fig.  336,  page  850;  regarding  the  upper  part  of  the  figure,  above 
the  line^j^*,  as  the  net  work  of  the  first  cylinder,  according  to  the  c-(]uivalent 
distribution  mentioned  at  page  851,  where  the  action  is  compared  to  that  of 
a  receiver-engine;  and  the  lower  part,  below  i^'-i,",  as  the  work  of  the  second 
cylinder,  with  a  period  of  admission  ec^ual  to  ^^"^  and  an  exj)ansion  to  the 
end  of  tlie  stroke.  For  the  first  section,  the  totid  work,  over  the  base  nn",  is 
calculated,  and  the  work  of  the  pressure,  ngf  as  back  pressure,  on  the  same 
base,  is  deducted  from  it  to  give  the  net  work.  Now,  the  total  pressure, 
«r,  calculated  on  die  area  of  the  second  q'linder,  is  63  lbs.  x  3  square 
inches  =  189  lbs.;  and  the  period  of  admission,  c^,  is  one-ninth  of  the 
stroke,  or  foot.  The  total  initial  work  is,  then,  189  x  2  i  -  j  26  foot- 
pounds, and  the  total  work,  with  an  expansion  of  three  times  for  the  stroke, 
^g",  2  feet,  is 

126  X  (i  +  hyp  log  3)  =  264.4236  foot-pounds. 

The  work  of  the  back  pressure,  w^,  or  21  x  3  -  63  lbs.,  into  the  stroke, 
or  2  feet,  is  63  lbs.  x  2  feet  =  126  ibot-pounds,  and  the  net  work,  a^ve 
the  line       is  264.4236  - 126  =  138.4236  foot-pounds. 

For  the  second  section,  according  to  the  equivalent  distribution,  the  initial 
work  is  equal  to  that  of  the  back  pressure  on  the  first  piston,  which  has  just 
been  calculated,  namely,  126  foot-pounds,  and  the  work  for  an  expansion  of 
three  times,  through  the  stroke,  //;//,  is  found  by  what  is  only  a  repetition  of 
the  calculation  for  the  u})]ut  section,  to  be  264.4236  foot-pounds. 

The  sum  of  the  two  sections  is  the  total  net  work  of  the  two  cylinders; 
thus : — 

Upper  section,   138.4236  foot-pounds. 

Lower  section,   264.4236  „ 

Total  net  work,  402.8473  „ 

Otherwise,  the  combined  diagram,  Fig.  336,  represents  the  whole  of  the 
work  as  if  it  were  done  in  one  cylinder  equal  in  cai)acity  to  the  second 
c}'linder— assumed,  in  this  instance,  to  have  the  same  diameter  and  stroke. 
The  ])eriod  of  admission,  id,  is  one-ninth  of  the  stroke,  or  6  -f-  9  -  foot; 
the  initial  pressure  being  63  lbs.  x  31  89  lbs.,  and  the  initial  work 
189  X  ^-126  foot-pounds.   The  whole  work  of  the  stroke  is,  therefore, 

126  x  (i  -t-hyp  log  9)=  126  X  3.1972  =  402.8472  foot-pounds; 

as  was  calculated  before. 

RfiCEiyEH-EiiaiNB — Ideu.  Diagrams. 

The  hypothetical  distribuftion  which  has  been  described  for  the  Woolf 
engine,  according  to  which  all  the  steam  with  which  the  second  cylinder  is 
<diaiged,  is  supposed  to  be  admitted  into  tbc  second  cylinder  before  expan> 
sion  begins,  is  that  which  actually  takes  place  in  the  receiver-engine, — ^the 
second  general  comliination  of  the  compound  engine. — in  which  the  pistons 
of  the  two  cylinders  are  connected  to  cranks  at  right  angles  to  each  other, 
on  the  same  shaft,  with  an  intermediate  receiver.  The  receiver  is  ot  cupied 
by  steam  exhausted  from  the  first  cylinder,  and  it  supplies  steam  to  the 
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second  cylinder,  in  which  it  is  cut  off  and  then  expanded  to  the  end  of  the 
stroke.  On  the  assumption  that  the  initial  pressure  in  the  second  cyhnder 
Is  equal  to  the  hnal  presiiurc  in  the  first  c}  iiuder,  and,  of  course,  equal  to 
the  pressure  in  the  receiver,  the  vohime  cut  off  in  the  second  cylinder  must 
be  equal  to  the  volume  of  the  first  cylinder,  for  the  second  cylinder  must 
admit  as  much  at  each  stroke  as  is  dischaiged  fix>m  the  first  cylinder. 

For  illustiatioD,  suppose  again  that  the  areas  and  capacities  of  the  first 
and  second  cylinders,  with  the  same  length  of  stroke,  are  as  i  to  3,  and  that 
the  steam  is  cut  off  at  one-third  of  the  stroke,  and  equally  expanded  in  both 
cylinders,  the  ratio  of  exjjansion  in  each  cylinder  bcini;  thus  equal  to  the 
ratio  of  the  capacities  of  die  cylinders.  With  this  distribution,  the  volume 
admitted  to  the  second  cylinder  is  equal  to  the  volume  discliarged  from  the 
first  cylinder,  and  there  is  no  intermediate  fiill  of  pressure.  The  ideal 
diagrams  of  pressure  which  ivould  thus  be  formed  are  shown  in  juxtaposi* 
tion  in  Fig.  337.  Here,  is  the  atmospheric  line,  is  the  line  of 
admission,  and     the  ezhaust'line  for  the  first  cylinder,  both  of  them  being 


parallel  to  the  atmospheric  line;  and  t/x  is  the  expansion-curve.  In  the 
region  below  the  exhaust-line  of  the  first  cylinder,  between  it  and  the  line 
of  perfect  vacuum,  the  diagram  of  the  second  cylinder  is  formed;  ///,  the 
second  line  of  admission,  coincides  with  the  esdiaust-line  of  the  first 
cylinder,  and  thus  shows  that,  in  the  ideal  diagrams,  there  is  no  intermediate 
fall  of  pressure.  The  line  of  perfect  vacuum,  is  parallel  to  the  atmos- 
pheric line,  and  ik  is  the  expansion-curve.  The  arrows  indicate  the  order 
m  which  the  diagrams  are  formed. 

The  expansive  working  of  the  steam,  though  clearly  divided  into  two 
I  consecutive  stages,  is,  as  in  the  Woolf  engine,  essentially  coniinuous  from 
the  point  of  cut-off  in  the  first  cylinder  to  the  end  of  the  siroke  of  the 
second  cylinder,  where  it  is  delivered  to  the  condenser,  and  the  first  and 
second  diagrams  may  be  placed  together  and  combined  to  form  a  continu- 
ous diagram.  For  diis  purpose,  take,  as  was  done  for  the  Woolf  engine, 
the  second  diagram  as  the  basis  of  the  combined  diagram,  namely,  Aik/o, 
33^1  adding  the  atmospheric  line,/^.  The  period  of  admission,  At,  is 
one-thLrd  of  the  stroke,  and  as  the  latios  of  the  cylinders  are  as  i  to  3,  At 


Digitized  by  Google 


854 


STEAM  ENGINE — COMPOUND  CYLINDERS. 


is  also  the  proportional  length  of  the  first  diagram  as  ai)plied  to  the  second. 
Produce  oh  upwards,  and  set  off  oc  eijual  to  the  total  height  of  the  first 
diagxam  above  the  vacuum  line;  and,  upon  the  shortened  base  hi^  and  the 
height  he,  complete  the  first  diagram  with  the  steam-line  ed,  and  the 
expansion-line,  di. 

By  this  construction,  the  regular  indicator  diagram  cdklo  is  formed,  as 
applied  to  the  second  cylinder,  and  it  measures  the  whole  net  work  done 
in  both  cylinders: — the  upper  section,  cdih^  being  the  measure  of  the  net 
work  done  in  the  first  cylinder,  and  the  lower  section,  Aiklo,  being  the 
measure  of  the  work  of  the  second  cylinder. 

Resuming  the  data  supplied  for  exemplifying  the  Woolf  engine,  with 
reference  to  the  ideal  diagrams  for  the  receiver-engine,  Fig.  337,  let  the 
areas  of  the  first  and  second  cylinders  be  respectively  i  and  3  square  inches, 
the  stroke  6  feet,  and  the  initial  pressure  in  the  first  cylinder  63  lbs.  per 
square  inch.  The  steam  being  cut  ofi*  at  one-third  of  the  stroke  of  the  first 
cylinder,  the  final  pressure  is  21  lbs.,  and  the  total  initial  work  therein  is 
equal  to  oc  x  cd  =^6$  lbs.  x  3  feet=  126  foot-pounds;  for  the  whole  stroke 
the  total  work  is 

126  X  (i  +  hyp  log  3)  =  126  X  2.0986  =  264.4236  foot-pounds, 

the  same  as  was  found  for  the  Woolf  engine.  For  the  second  cylinder,  the 
initial  pressure  is  2 1  lbs.  x  3  square  inches  =  63  lbs.,  and  the  initial  work  is 
represented  by  o/i  x  hi,  which  is  equal  to  63  lbs.  x  2  feets:  126  foot-pounds. 
For  tlie  whole  stroke,  the  total  work  is 

126  X  (i  +hyp  log  3)=  126  X  2.0986  =  264.4236  foot-pounds. 

The  work  of  the  back  pressure,  oA,  on  the  first  piston,  which  is  continued 
for  the  whole  of  the  stroke,  is  to  be  deducted  from  this  total  wwk ;  it  is 

represented  by  the  rectangle  ohxhg,  equal  to  21  lbs.  x6  feet » 126  foot- 
pounds. Then  (264.4236  -  126  =  )  138.4236  foot-pounds  is  the  net  or  eftec- 
tive  work  for  the  second  cylinder  for  one  stroke.  This,  the  work  for  the 
second  cylinder,  is  to  be  added  to  the  work  for  the  first  cylinder,  and  the 
sum,  402,8472  foot-pounds,  is  tlie  united  work  for  one  stroke  of  the  two 
cylinders. 

This  is  the  same  quantity  of  work  as  was  calculated  firom  the  Woolf 
diagrams. 

It  is  obvious  that  the  two  combined  diagrams.  Figs.  336  and  338,  pages 
850  and  853,  are  identical  in  form  and  development. 

Work  of  SrEAM  as  affected  by  Intermediate  Expansion. 

That  the  work  of  expanding  steam  is  to  be  cnlciilited  from  the  cxjinnsion 
uj)on  a  moving  ])iston  only,  is  obvious  enougli  when  it  is  considered  tliat 
the  steam  may  ex|)and  into  an  intermediate  receiver,  and  into  intermediate 
passages,  without  doing  any  work  on  a  piston,  whilst  at  the  same  time  the 
pressure  falls  or  "drops  "  as  the  volume  is  enlarged.  Under  these  circum- 
stances, the  second  cylinder  receives  the  steam  at  a  lower  pressure  and  in 
larger  volume  than  it  has  when  there  is  no  intermediate  expansion  and  tall 
of  pressure;  and  there  is  less  work  done,  whilst  the  ratio  of  active  expan- 
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sion  is  necessarily  reduced.  If  the  second  cylinder,  however,  be  enlarged 
in  capacity,  in  proportion  to  the  enlargement  of  the  volume  of  the  steam 
and  the  fsUl  of  pressure,  by  intermediate  expansion,  the  ratio  expansion, 
and  the  work  done  in     would  remain  the  same. 

Whilst,  then,  there  is  no  reduction  of  work  consequent  on  intermediate 
expansion  of  the  steam,  provided  that  the  ratio  of  expansion  originally 
designed  be  maintained  by  means  of  a  second  cylinder  of  suitably  large 
capacity;  there  is  actually  a  reduction  of  work,  or  loss  of  etiect,  by  such 
intermediate  expansion,  when  the  capacity  of  the  second  cylinder  remains 
the  same. 


To  proceed  with  the  investigation  of  such  loss  by  intermediate  expansion 
as  is  sufiered  in  the  Woolf  engine,  take  the  example  of  Woolf  engine  already 
treated,  with  the  same  proportions  and  dimensions,  and  suppose  that  the 
total  capacity  of  the  passages  from  the  first  to  the  second  cylinder  is  one- 
third,  or  33  V3  per  cent,  of  the  capacity  of  the  first  cylinder.  The  ideal 
diagrams  Fig.  335,  and  tlie  combined  diagram  Fig.  336,  page  850, 
are  reproduced,  partly  in  dot-lining,  in  Figs.  339  and  340  annexed, 
the  same  letters  of  reference  beinc;  applied.  To  these  are  added  the 
modifications  introduced  by  the  intermediate  fall  of  jjressure.  The  admis- 
sion and  expansion  of  the  steam  in  the  first  cylinder  are  indicated,  as 


before,  by  the  straight  Une  cd,  representing  an  initial  pressure  of  63  lbs.  per 
square  inch,  and  the  curve  dg^  or  dg",  with  a  terminal  pressure,  n  g,  or  //  , 
of  2 1  lbs.  But  when  the  exhaust  is  opened,  at  the  end  of  the  stroke,^  or  g\ 
the  steam  expands  into  the  intermediate  space,  and  occupiesi  a  total  volume 
equal  to  r  Vs  or  4/3  tiroes  the  capacity  of  the  fint cylinder,  before  the  second 
piston  commences  its  stroke.  The  final  pressure  is,  at  the  same  time, 
reduced,  in  the  inverse  ratio,  to  3^ths  of  21  lbs.,  or  15.75  lbs.  from  ng  to  ng^, 
or  from  n^g'  to  //V-  Fig-  340-  ^^'ith  this  lower  pressure,  and  the  aug- 
mented initial  volume,  i  *  /j  times  the  capacity  of  the  first  cylinder,  the 
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iatermediatc  fall  of  prctture. 


Flf.  340. — Woolf  F.iiKine:-^The  nine  dtacnuM 
reduced  and  oorabined. 
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341.— Woolf  Eagine:— Bxpansioa  Carve»  for  6at  and 
Mcond  cymiders. 


Steam  expands  into  second  cylinder,  and  acquires  a  final  volume  by 
expansion  equal  to  the  capadt^jr  of  the  second  cylinder  plus  the  intermediate 
space,  or  3  '/^  times  the  capacity  of  the  first  cylinder.   Hence  the  ratio  of 

expansion  into  the  second  cylinder  is  £-^=2.5;  and  the  final  pressure 

f»/i',  is  (15.75  lbs. -2.5-^)  6.3  lbs.  per  square  inch.  The  actual  curve 
of  expansion,  j;'*//",  is.  like  the  normal  curve  i,*^//,  an  elongated  hyperbolic 
curve — an  elongation  of  the  hyjtothetical  expansion-cur\e,  which  Hows 

from  the  augmented  initial  vulunie,  as  illustrated  in  the  annexed  Kig.  341, 
in  which  tlios>e  curves  are  reproduced,  and  in  which  the  augmented 
initial  volume  is  measured  by  the  extension,  nn'"n',  of  the  Inse-line; 

this  extension  comprises  n'  n*", 
the  capacity  of  the  first  cylin- 
der, and  «"'«,  the  capacity  of 
the  intermcclinte  spare,  one- 
third  oi'  ////  :  making  together 
I  times  the  capacity  of  the 
first  cylinder.  At  the  end 
of  the  stroke  of  the  second 
cylinder,  when  the  piston  has 
arrived  at  the  first  piston 
has  arrived  at  «'",  lea\  ing  the  clear  intenal  of  intermediate  space, 
open  to  the  second  cyUnder,  which,  added  to  the  capacity  nm  of  this 
cyimder,  makes  n" nm,  the  final  volume  of  the  steam  expanded  into  the 
second  cylinder,  equal  to  3  '  3  times  the  capacity  of  the  first  cylinder.  Of 
this  total  volume,  the  section  ?i" ri\  i  »  times  the  capacity  of  the  first 
cylinder,  is  the  hypothetical  period  of  admission,  composed  of  the  inter- 
mediate space  li^tty  and  the  capacity  of  the  first  cylinder  nfi'\  the  remain- 
ing section  n"m  being  the  hypothetical  period  of  expansion.  The  curve  of 
back-pressure,  g'  h'\  on  the  first  piston,  has  the  same  initial  and  final  pres- 
sures as  the  expansion-curve^*//". 

In  piecing  the  first  an«i  second  diagrams,  to  form  the  combined  diagram, 
Fig.  340,  the  triangular  area  of  positive  pressure  on  the  first  piston,  ^'■♦f.'^V/'", 
is  repla(  eil  by  the  equal  triangular  area  i^nd  thus  the  united 

work  of  the  two  cy finders  is  indicated  by  the  seven-sided  diagram  cdg"* 
h  "  m  n. 

The  effect  of  the  intermediate  fiUl  of  pressure  in  reducing  the  performance 
of  the  expanding  steam,  is  clearly^hown  by  the  combined  diagram.  Fig.  340, 
in  whi(  h  the  section  g" h  of  the  nonnal  expansion-curve  d g"  h,  is  replaced 
by  the  lower  expansion-curve    //",  with  the  vertical  line  g''g^  denoting  the 

int(TnH<li:ite  fall  of  pressure.  The  four-sided  area  g" g^h"* h  expresses  the 
net  loss  of  useful  expansive  work  caused  by  the  intermediate  fall:  being  the 
balance  of  loss  after  deducting  the  gain  by  the  reduction  of  back-i)ressure 
on  the  first  j^iston,  measured  by  the  area  g" g^fi  "  h\  from  the  loss  of  pres- 
sure on  the  second  piston,  measured  by  the  area,  gg*'  h"  //,  shown  in  both 
the  Figs.  339  and  340. 

The  loss  of  work  by  expansion  of  steam  in  the  Woolf  engine,  into  an 
intermediate  space  between  die  first  and  second  cylinders,  may  be  shown 
and  calculated  in  the  same  way  for  other  volumes  of  intermediate  space — 
say,  one-half  more,  and  as  much  more  as  the  capacity  of  the  first  cylinder. 
Take  ail  four  cases,  as  follows: — 
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Intermediate  iipaca.  Ratios  uf  Expansion.  Combined  Ratio. 

I  St  cylinder  i  to  3 
2d      „      I  to  3         1  to  9 


iStcase^-Nil   J  ist cylinder  i  u,  3 


ad  case : —  '/a  capacity  of  ist  cylinder  |     <^yundcr  J  3 


5      »  to  7.5 


3dcase:->4     *„  /  ist  cylinder  i  to  3 

ww^-     73         »»  tf  \  2d        „       I  to  2  V3      I  to  1 

4th         „       „  {j^*^>'^^;;^^^^ 


to  3 

to  2         I  to  6 


Applying  these  ratios  to  the  initial  steam  adniittcd  to  the  first  cylinder,  the 
total  initial  work  is,  as  before,  1 26  foot-pounds,  and  the  total  net  work  for 
one  stroke  of  the  two  cylinders  is  as  follows:* — 

Fuut-ix)unds. 

ist  case: — 126  x  (i  +hyp  log  9)    or  3. 1972  -  402.8472 
2d  case: — 126  x  (i  +hyp  log  7.5)  or  3.0149  ^  379.8774 
3d  case: — 126      +  hyp  log  7)    or  2.9459  =  371.1834 
4th  case: — 126  x  (i  +hyp  log  6)   or  2.7918 » 351.7668 


Intermediate  Expansion  in  the  Receiver-Engine. 

With  respect  to  the  loss  by  intermediate  expansion  and  fall  of  pressure 
in  the  receiver-engine,  take  examples  based  on  the  same  data  as  have  been 
applied  to  the  discussion  of  the  Woolf  engine;  and  suppose,  in  the  first 
instance,  that  the  steam  is  expanded  in  the  receiver  into  1V3  tiroes,  or 
four-thirds  of,  its  volume  when  exhausted  firom  the  first  cylinder,  the  pres- 
sure being  proportionally  reduced  to  three-fourths  of  the  final  pressure  in 
the  first  cylinder,  ])rior  to  its  luini:  admitted  into  the  second  cylinder. 
With  this  modification,  the  action  of  the  steam  is  re|)resented  diagram- 
matically  in  Figs.  342  and  343  annexed;  the  first  for  the  two  cylinders 
separately,  the  second  being  the  combined  diagram.  'I'hese  diagrams  are 
fbndamentally  the  same  as  the  ideal  or  normal  diagrams,  Figs.  337  and  338, 
page  853,  constructed  for  the  receiver-engine  without  any  intermediate 
&llof  pressure,  and  the  same  letters  of  reference  apply  to  &e  same  paits. 
The  admission-line  cd,  one-tfaiid  of  the  stroke,  and  the  eTqianaon-curve  dg, 
for  the  first  cylinder,  Fig.  337,  are  the  same  as  in  the  normal  diagram, 
showing  an  exjjansion  of  three  times:  the  initial  pressure,  oc,  being  63  lbs. 
per  square  inch,  and  the  final  pressure,  /x.  b<'ing  ecjual  to  21  lbs.  on  the 
square  inch  area  of  piston.  At  the  entl  of  tiie  stroke,  the  pressure  of  the 
Steam,  as  it  is  exhausted  into  the  receiver,  falls  one-fourth,  to  15.75  lbs., 
measured  by  /g\  which  gives  the  level  of  the  back  pressure  on  the  first 
piston,  pnidlel  to  gi.  The  steam  eidiausted  tnaa  the  first  cylinder  is 
at  the  same  time  expanded  to  i'/,  times  the  capacity  of  the  cylinder.  A 
volume  of  steam  i^/^  times  the  ftrst  cylinder  must,  theiefore,  be  admitted 

*  These  calculations  as  well  as  others  which  are  quoted  in  this  section  on  compnunfl 
oigines,  are  detailed  at  length  in  a  work  on  the  steam  engine,  by  the  autlior,  now  in 
conne  of  preparation* 


Digitized  by  Google 


858 


STEAM  ENGINE— COMPOUND  CYLINDERS. 


to  the  second  cylinder,  of  the  reduced  pressure  15.75  lbs.  per  square  inch. 
The  length  h'  i\  set  off  on  the  line  //  'g\  the  measure  oif  the  enlaiged  volume, 
is  the  period  of  admission  into  the  second  cylinder,  and  it  is  i '/j  times  k  i, 

or  I V3  thirds  of  the  length  of  the  stroke  Jk'g\  or  2^3  feet.  The  point  in 
fact)  obviously  lies  in  the  normal  curve  of  expansion  tk;  and  from  this 

point  to  the  end  of  the  stroke,  at  ^,  the  two  curves  of  expansion,  namely, 
the  normal  curve  / and  the  new  cun  e  /  '^,  so  tar  as  it  extends,  are  iden- 
tical, with  a  terminal  ])ressure,  / i',  of  7  lbs.  per  square  inch.  The  outline 
of  the  combined  diagram  is,  then,  cdini  kio. 


FS^  348.— Receiver-engine  :  Di.ifrramt 
Iniermediate  Fall  of  Pressures 


Fig.  349.— The  same  diagrams  vodhioed 
combined. 


The  rate  of  expansion  in  the  second  cylinder,  according  to  this  distribu- 
tion, is  not  so  high  as  in  the  first  cylinder — ^the  initisd  volume  being 
times  the  first  cylinder,  and  the  final  volume  being  the  capacity  of  the 
second  cylinder,  or  3  times  the  first  cylinder.   The  ratio  of  expansion  is, 


therefore,  ^2.25. 


A  .         .  . 

On  the  first  diagram,  l-ig.  342,  it  apj)ears  that,  whilst  there  is  a  gain  of 
net  work  to  the  first  cylinder  when  comi)arcd  with  the  normal  performance, 
measured  by  the  drop  of  pressure,  for  the  whole  stroke  a'  /r.  there  is, 
on  the  contrary,  a  loss  of  work  to  the  second  cylinder,  measured  by  the 
same  drop  of  pressure,  hh\  for  the  zx^hii'h'.  The  net  loss  is  directly 
indicated  on  the  combined  diagram,  Fig.  343,  in  which  the  gain  in  the  first 
cylinder  is  measured  by  the  rectangle  hinh\  and  the  loss  in  the  second 
cylinder  by  the  trapezoid  hit' hi.  The  difference  of  these,  the  small  tri- 
angular area  //"//,  is  the  measure  of  the  net  loss. 

Taking  four  rases  for  comparison.  ( orresponding  to  those  calculated  for 
the  W'oolf  engine,  the  results  of  calculation  areas  follows:^ — The  augmented 
initial  volumes  for  expansion  in  the  second  cylinder,  and  the  actual  ratios 
of  expansion  in  the  two  cylinders,  are, — 

*  These  calculations,  as  well  as  othen  whidi  are  quoted  in  this  section  on  oompoand 
engines,  are  detailed  at  length  in  a  work  on  the  steam  engine^  by  the  author,  now  in 
course  of  preparation. 
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Augmented  Initial 
Volume  in  Farts  nf  the 
tint  Cylinder. 


tstcase   I 


ad  case   lyi 


3d 


4th  case   a 


Radflsof  Expaanoo. 

(i8t(7linder»...i  to  3 
ad    do.    ...I  to  3 

I  St  cylinder,...  I  to  3 


f  ist 
tad 

i 
i 


do.    ...I  to  a.a5 


istcylinder, ...  I  to  3 
2d     do.    ...I  to  2 


istcylinder,...!  to  3 
ad    da    ...i  to  1.5 


■Md  Ratio. 

X  to  9 
I  to  6.75 
I  to  6 
I  to  4.5 


The  net  works  are  calculated  in  terms  of  the  initial  work,  126  foot-pounds, 
and  the  combined  ratios  of  expansion,  with  an  allowance  for  the  net  work 
acquired  by  the  first  cylinder  due  to  the  intermediate  fall  of  pressure: — 

foot-pounds. 

ist  case:— I a6  X       -fhyplogg)     or  3.1972  =402.8472 
ad  case: — 126  x  (i^  +hyp  log  6.75)  or  3.1595  398.0970 
3d  case:— 126  x  ^I'/j  +  hyp  log  6)     or  3.ia5i  =  393.7542 
4th  case: — 126  x  (i ^  4- hyp  log  4.5)  or  3.0041 »  378.5166 

By  comparison,  it  appears  that  the  loss  of  work  by  intermediate  fall  of 
pressure,  is  less  in  the  receiver-engine  than  in  the  Woolf  engine;  being  only 
6  per  cent,  of  loss  in  the  former,  as  against  12.7  per  cent  in  the  latter, 
when  the  pressure  falls  to  half  the  final  pressure  in  the  first  cylinder. 

Work  of  the  Woolf  Engine,  with  Clearance. 
Let  Figs.  344  and  345  represent  the  diagrams  of  pressure  from  the  first 
and  second  cylinders  of  a  Woolf  engine  having  the  same  dimensions,  pro- 


FSg.  344.— Woolf  Engine  :-~Diagnuiif  with 
Ckannoe. 


Fig.  345.— Woolf  Engine:— The  same  cUagnuna 
reduced  and  < 


portions,  and  letters  of  reference,  as  in  the  preceding  examples,  with  the 
addition  of  a  deanmce  at  each  end  of  the  first  cylinder,  measured  by  cf' 
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or  m  m\  equal  to  7  per  cent  of  the  stroke,  or  .42  (bot  The  rectangular 
clearance  space  cc'm  m,  measures  the  passive  worii  of  the  clearance,  or  ^ 
product  of  the  pressure  ///  c  by  the  period  of  the  clearance  cc'. 
As  the  steam  is  cut  off  at  a  third,  or  33V3  per  cent,  of  the  stroke,  the 

actual  ratio  of  expansion  is  (see  page  828)  '^^—t  =  2.653.   The  initial 

3373+7 

pressure  being  63  lbs.,  as  before,  the  final  pressure,  ng,  is        =^  23. 75  lbs.; 

and  the  final  volume,  taking  the  working  capacity  of  the  first  cylinder  as  i, 
is  i-f  (7  per  cent.),  or  1.07.  If  there  be  no  more  clearanc  e,  or  no  inicr- 
mediate  space,  between  the  first  and  second  cylinders,  the  initial  v  olume  for 
expansion  into  the  second  cylinder  is  r.07;  and  the  final  volume  is  5.  The 

ratio  of  expansion  in  it  is,  therefore,  — ^  =  2.804;  and  the  final  pressure, 
m  hy  is  ^      =  8.47  lbs.  per  square  inch. 

In  view  of  these  pressures,  it  is  apparent  that,  whilst  the  work  of  admis- 
sion during  the  period  is  the  same  as  it  was  when  there  was  no  clearance, 
namely,  126  foot-^pounds,  the  work  by  expansion  is  greater,  for  the  final 
pressures  are  respectively  as  follows: — 

With  no  Cltrarancc  With  Clearance. 

In  the  first  cylinder,  21  lbs.  per  sq.  inch.    23-75  lbs.  per  sq.  inch. 

In  the  second  cylinder,...  7      „      „  S.47  „ 

If  it  were  practicable  to  construct  the  compound  cylinder  so  that  there 
should  not  be  any  intermediate  clearanre,  the  employment  of  a  smaller 
cylinder,  as  a  prefix  to  a  given  cylinder,  for  receiving  the  charge  of  steam 
to  be  expanded  through  both  cylinders,  would  have  the  economical  eftect 
of  reducing  the  percentage  of  end-clearance,  measured  in  parts  of  the 
larger  cylinder.  But  it  is  not  practicable  to  do  so;  and  it  remains  to  trace 
the  influence  of  intermediate  space  combined  with  the  initial  clearance  of 
the  first  cylinder,  on  the  action  and  woik  of  the  steam  in  the  second  cylinder. 

Take,  as  before,  foiu*  cases,  and  suppose  that  the  volume  of  the  inter- 
mediate space,  including  what  is  te<  hni(  all)-  the  cleiu^ance  of  the  second 
cylinder,  is  a  .simple  fraction  of  the  caj)at:uy  of  the  first  cylinder  plus  its 
( iearan(  e,  7  per  cent,  or  of  1.07  times  the  capacity  of  the  tirst  cylinder,  as 
follows 

for  the  I  St,  ad,         $df         4th  case, 

the  intermediate  spaces  are, 

o,  Vst  If  pa^  of  the  capacity  of  the  first 

cylinder  plus  its  clearance;  or  they  are, 

o,  3S7y        •535»       ^-07  of  the  capacity  of  the  first 

cylinder.  Add  to  these  1.07,  the  capacity  of  the  first  cylinder  plus  its 
deanmce;  and  the  sums  are  the  total  mitial  volumes  for  expansion  in  the 
second  cylinder, 

1.07,  i>427»  1-605,  2-i4>  times  the  capacity  of  the  first 
cylinder.  Again,  to  the  same  values  of  the  intermediate  space,  add  3,  the 
capacity  of  the  second  cylinder;  and  the  sums  are  the  final  volumes  by 
expansion  in  the  second  cylinder, 

3.0,         3-35 7r     3-535y      4-o7  times  the  capacity  of  the  first 
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cylinder.  The  xatios  cf  expaasbn  in  the  Booond  qrlinder  are  die  quotients 
of  die  final  by  die  inj^  volumes: — 

2.804,  2.$$2t  8.so2,^  1.902,  ratios  of  expansion.  The 
intermediate  £sUi6  of  pressure  are,  in  parts  of  the  final  pressure  in  the  first 
qrlinder, 

o,  'Z,,        y2  of  the  final  pressure;  or,  putting 

the  final  pr^ure  equal  to  23.75  lbs.,  as  was  found,  they  are 

0,  5.94,  7.92,  11.87  lbs.  per  square  inch.  The 
initial  pressures  for  expansion  in  the  second  cylinder  ar^ 

1,  >^  of  the  final  pressure  in  the  first 
qrlinder;  or 

23-75,  15-83,      11.87  Ihs.  per  square  inch;  and  the 

final  pressures  in  the  second  cylinder  are, 

^•47>       7*57^       7'^9t       ^•^4 1^*      square  inch. 

The  cmdiined  ratios  in  the  four  cases  aie  as  follows: — 

ist  case: — ist  ratio  of  expansion,        i  to  2.653 

2d         do.    I  to  2.804         I  7*43^ 

ad  case: — ist  ratio  of  expansion,  i  to  2.653 

ad        do.   I  to  S.35S         I  to  6.341 

3d  case: — ist  ratio  of  expansion,        i  to  2.653 

2d        do.    I  to  2.202  I  to  5.843 

4fh  case: — ist  ratio  of  expansion,  i  to  2.653 

ad        do.   I  to  1.902        J  to  5.046 

The  initial  work  of  the  steam  of  63  lbs.  total  pressure,  admitted  into  the 
first  cylinder,  for  2  feet  of  the  stroke,  and  with  a  clearance  of  7  per  cent, 
or  .42  feet,  is  as  follows : — 

Work  done  on  the  piston,          63  lbs.  x  2  feet     =126  foot-pounds. 

Work  done  in  the  clearance,...  63  lbs.  x  .42  foot  =  26.46  „ 

Total  initial  work  of  the  steam,  63  lbs.  x  2.42  feet=  152.46  „ 

This  sum  is  the  initial  work  on  which  the  work  l)y  expansion  is  calculated ; 
whilst  it  is  26.46  foot-pounds  in  excess  of  the  initial  work  done  on  the 
piston.    The  total  work  is,  then,  calculated  as  follows.: — 

'Kht  Work  in 

1st  case: — 152.46  x  (i  +  hyp  log  7.44)  or  3.0069  =  458.27  VoorMm 
leas,  -WDik  in  initial  deaianoe,   26.46  431.81 

ad -case: — 152.46  x  (i  +hyp  log  6.24)  or  2.8310  -=  431.47 

less   26.36  405.11 

3d  case.}— i5a^6  x  (i  +hyp  log  5.84)  or  2.7647  ^^1.3$ 

leas   26.36  394.99 

4th  case: — 152.46  x  (i  +hyp  log  5.05)  or  2.6194-^399.29 

less   26.36  372.93 
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The  calculations  have  been  made  in  this  form  for  the  sake  of  comparison 

with  those  that  were  made  for  the  work  when  there  was  no  clearance  (pvige 
857).  They  can  be  made  more  directly  by  means  of  the  formula  (  7  )  at 
page  828.  The  reductions  of  net  work,  in  the  2d,  3d,  and  4th  cases,  are 
successively  6.2,  8.6,  and  13.7  per  cent,  of  the  work  in  the  ist  case. 

Work  op  the  Receiver-Engine,  with  Clearance. 

For  the  work  of  receiver-engines,  with  clearance,  taken  at  7  per  cent.,  at 
each  end  of  the  stroke  of  each  cylinder,  the  annexed  Fig.  346  shows  the 
diagrams  of  pressure,  using  the  same  data  and  letters  of  reference  as  in 
Fig'  34^t  P-  ^S^f  with  the  clearance  measured  by  cc\  kk\  or  oif^  equal  to  7  per 
cent,  of  oL  The  steam  being  cut  off  at  '/A  the  actual  ratio  of  escpansion  in 

the  first  cylinder  is,  as  for  the  Woolf  engine,  p.  860,  l^^'i  s  a.653;  and 

6^  33'/ 3**"  7 

the  final  pressure,  Ig^  is        a  23.75  1^^*  which  is  also  the  pressure  in  the 

2.053 

receiver,  when  there  is  no  mtecmediate  &11  of  pressure.  The  same  is  the 
initial  pressure  oh^  in  the  second  cylinder,  with  the  clearance  oo\  The 
volume  admitted  into  the  second  cylinder  is  equal  to  the  oqiaci^  of  the 


first  cylinder  plus  its  clearance,  or  to  one-third  of  the  cai)acity  of  the 
second  cylinder  phis  its  clearance;  that  is,  to  one-third  of  107  ])er  cent., 
or  35V3  cent.,  which  consists  of  the  clearance,  7  ])er  cent.,  and  (35-/- 
—  7  =  )  28  V3  per  cent,  of  the  stroke  of  the  second  cylinder.  The  steam 
admitted  into  the  second  cylinder  thus  occupies  less  than  one-third  of  the 
stroke,  by  4V3  per  cent,  as  mdicated  by  the  length  of  the  period  of  admis- 
sion, hi,  in  the  diagram.  As  the  steam  is  expanded  from  die  capacity  of  the 
fbst  cylinder  plus  its  clearance,  to  that  of  the  second  cylmder  plus  its  clear- 
ance, the  ratio  of  expansion  in  the  second  cylinder,  is  necessarily  equal  to 

the  ratio  of  the  capacities  of  the  two  cylinders,  which  is  3 ;  and  ^  °°    ^  ^  3 ; 

and  the  final  pressure,  />^,  is         =  7*92  lbs.  per  square  inch. 
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The  combined  diagram,  Fig.  347,  shows  a  dislocated  ex])ansion-line,  in  two 
parts:  dg  k)V  the  first  cylinder,  and  ik  for  the  second  cylinder.  The  first 
part,  dg^  is  extended  continuously  to  the  end  of  the  stroke  at  k  \  and  shows 
the  loss  of  work  caused  by  the  excess  of  the  volume  of  clearance  of  the 
second  c)iinder  over  that  for  the  first,  as  measured  by  the  area  of  the  strip 
igk'k. 

For  the  other  three  cases,  of  intennediate  falls  of  pressure,  resjiectively 
^th,  1/3^'  ^nd  ^  of  the  final  pressure  in  the  first  cylinder,  the  relations 
are  as  follows: — 

For  the   ist,        2d,         3d,  4th  case 

the  augmented  initial  volumes  for  expansion  in  the  second  cylinder  are, 

I,  vl^y        lyiy  9     times  the  capacity  of  the 

first  cylinder  plus  the  deaiance;  or  they  are 

1.07,  1.427,  1.605,  2.14  times  the  capacity  of  the 
first  cylinder.  The  final  volumes  by  ex|:)ansion  in  the  second  cylinder  are 
equal  to  the  capacity  of  the  second  cylinder  plus  its  clearance,  or  to 

3.21,  3.21,  3.21,  3.21  times  the  capacity  of  the 
first  cylinder;  and  the  ratios  of  expansion  in  the  second  cylinder  are 

3.00,        9.25,        2.00,  1.50. 
The  intermediate  falls  (rf*  pressure  are 

^,         Vb'         %  ^  fiiuLl  pressures  in  the 
first  cylinder;  and  they  are  actually 

o,  5.94,         7.92,       11.87  ll^s.  per  square  inch.  The 

pressure  in  the  reservoir,  and  the  initial  pressure  in  the  second  cylinder,  are 
23-75>       17-81,       15.83,       11.87  lt>s.  per  square  inch;  and 
the  final  pressures  in  the  second  cylinder  are 

7.92,        7.92,        7.92,        7.92  lbs.  per  square  inch. 

To  calculate  the  works  done  in  the  four  cases: — First,  the  normal  net 
work  of  the  first  cylindei',  above  the  level  of  the  terminal  pressure,  /lig, 
common  to  all  the  cases.  The  total  initial  work  done  on  the  piston  is,  as  was 
found  (p.  861),  126  foot-pounds,  and  the  work  of  the  clearance  26.46  foot- 
pounds. The  sum,  152.46  foot-pounds,  is  the  initial  work  on  which  the 
work  by  expansion  2.653  dmes  is  calculated;  thus, 

Foot-pounds. 

152.46  X  (i  +h3^  lo^  2.653)  or  1.9757  s  301.21 
Less  work  in  imtial  clearance,   26.46 

Total  work  on  piston,  above  the  vacuum  line, 
Deduct  work  of  back  pressure,  o/i  x  hg^  or 
23.75  foot-pounds  X  3  inches  x  2  feet,  

Normal  net  work  on  the  first  piston,  

Next,  the  works  gained  to  the  first  piston  by  the  intermediate  falls  of 
pressure. 

For  the      ist,  2d,  3d,  4th  cases, 

the  work  is  expressed  by  the  rectangles, 

o,      5.94  lbs. X 3 X 2,   7.92  lbs. X 3 X 2,    11.87  lbs. x3x  2, 
or,  o,  35*64>  47*5^1  foot-pounds. 


274.7s 
143.50 

1^2,2$ 
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Third,  for  the  woik  done  in  the  second  cyhnder,  the  initial  ^^  ork  for  expaxi- 

sion  must  be  the  same  as  that  for  the  first,  namely,  152.46  foot  ]X)unfis , 
there  being  the  same  quantity  of  steam.  The  clearance  is  .42  foot,  and  the 
passive  work  in  the  clearance, 

for  the   ist,  ad,  3d,  4th  case, 

is  23.75  lbs. X 3 X. 41,    17.8ix3x.43,    15.83x3x.42,  11.87x3x.42, 
or       39.93,  22.44,  i9>959        '4-95  ^bat-pounds. 

The  works  in  the  second  cyUnder  are  calculated  from  these  data,  with  the 
ratios  of  expansion,  as  follows  :— 


ist  case: — 153.46  x  (1  +  hyp  log  3)  =  3i9<93 

less  the  work  in  rlffaranRfi,   39.93  390.01 

3d  case: — 152.46  x  (i  +hyp  log  2.25)  =  .....276.10 

less  the  work  in  clearance,  22.44  -253.66 

3d  case: — 152.46  x  (i-^hyrp  log  2)  =  258.13 

the  work  in  deaiance^   19  95  338.18 


4th  case: — 153.46  x  (i  +hyp  log  1.5)=  314.38 

less  the  work  in  clearance,   14.95  ^99^3$ 

The  total  net  work  in  both  eyllndei^  for  one  ■stroke,  is  found  \3fy  '^Mritg 
together  the  three  portions  of  work  for  teach  ca8e>— 

Vmr  WioMC  JLatio 
m  FooHpoundt.  ofNetWoric 

ist  case: — first  cylmder  above  final  pressure,  132.25 
intermediate,   0.00 

132.25 

second  cylinder,   290.01    422.26,  as  loo 

3d  case:— first  cylinder  above  final  pressure,  132.25 
intermediate,   35-64 

167.89 

second  cylinder,  253.66   421.55,  as  99.8 

3d  case: — ^first  cylinder  above  final  pressure,  132.25 
intermediate,   47-52 

179.77 

second  cylinder,  338.18  417.95,  as  99.0 

4th  case:— first  cylinder  above  final  pressure,  13 2. 25 
intermediate,   71.22 

203.47 

second  cylinder,   199-33    402.80,  as  95.4 
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Here  it  is  seen  that  the  redncticm  of  the  quantity  of  work  perfDnned  lot 
one  stroke  of  the  pistons,  by  intermediate  falls  of  pressure,  does  not 

exceed  i  per  cent,  when  the  fail  amounts  to  one-third  of  the  final  pressure 
in  the  first  cylinder;  and  it  is  less  than  5  per  cent,  even  when  the  fall 
amounts  to  half  the  final  pressure.  The  proportional  reduction  of  work 
is  something  less  with  clearance, — as  in  this  instance, — than  without  clear- 
ance, as  exeinplificd  at  page  859. 

The  work  for  one  stroke  may  be  calculated  in  terms  of  the  combined 
ratios  of  expansion  for  the  two  cylinders ;  making  allowances  for  the  loss  by 
doLtance,  and  the  gain  to  die  first  cylinder  by  the  intermediate  M  of 
pressure.   The  total  initial  work  for  expansion  is,  as  was  found  (page  863X 
153^6  foot-pounds;  and  the  xados  of  ezpansiQn  are  as  follows: — 

1st  case:— first  ratio  of  expansion,  i  to  2.653  ^-m, 

second       da   i  to  3.000     i  to  7.959 

ad  case: — first  ratio  of  esqumsion,......^...  i  to  2.653 

second       do.   z  to  3.350     i  to  5*969 

3d  case: — first  ratio  of  expansion,....  i  to  2.653 

second       do.   i  to  2.000      i  to  5.306 

4th  case: — first  ratio  of  expansion,  i  to  2.653 

second       do.   i  to  1.500     i  to  3.979 

With  respect  to  the  first  case,  it  is  obvious  fiom  an  inspection  of  the 
combined  diagram,  Fig.  347,  page  863,  that  the  calculation  of  the  work  in 
terms  of  the  initial  work  for  expansion,  and  the  total  ratio  of  expansion, 
oovecB  the  whole  area  of  the  dia^am,  including  the  cleatance^ieas,  thus: — 

153.46  X  (i  -I- hyp  log  7.959)  or  3.0743  =  468.71  foot-pounds. 

From  this  is  to  be  deducted  the  work  of  the  initial  clearance  in  the  first 
cylinder,  36.46  foot-pounds,  represented  by  the  area  cc'c^'o;  and  also  the 
work  of  the  excess  of  clearance  in  the  second  cylinder,  over  and  above 
that  of  the  clearance  in  the  first  cylinder,  calculated  on  che  pressure  in  the 
receiver.  As  the  clearance  of  the  second  cyhnder  is,  like  that  of  the  first, 
7  per  cent,  of  the  stroke,  or  .42  feet,  the  volumes  of  the  respective  clear- 
ances are  in  the  ratio  of  die  capacities  of  the  cylinders,  or  as  3  to  i,  and 
are  measured  by  tlie  spaces  00'  and  00"  on  the  diagram.  The  clearance 
steam  of  the  first  cylinder,  therefore,  when  transferred  to  the  second  cylinder, 
fills  only  one-third  of  its  clearance  space,  measured  by  00*%  and  of  the 
pressure  and  additional  steam  from  the  receiver,  of  the  same  pressure, 
is  required  to  fill  the  remaining  two-thirds  of  the  clearance  of  the  second 
cylinder,  or  .42  x  ^  =  .28  foot,  measured  by  The  work  of  the  two 
dearances,  to  be  deducted,  is,  then,  as  follows: — 

Work  of  clearance  of  first  cylinder,  ^rW,  63  lbs.  X  )      .  5  fo  ♦  nds. 

3  in.  X  .14  foot,  or  63  lbs.  x  i  in.  x  .42  foot  /     *  »oo'-pounas. 

Excess  of  clearance  of  second  cylinder,  h'o'o'\  \  _  , 

33.75  lbs.  X  3  in.  X.38  foot  f  -  '9-95  «io- 

■ 

Work  of  clearances,  46.41  do. 
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The  gross  work  of  the  diagiam  being,  as  above,  468.71  foot-pounds 

The  woik  of  dearances  to  be  deducted  is   46.41  da 


Net  work  for  one  stroke,  422.30  do. 

For  the  ad  case,  the  gross  work  is — 

152.46  x(i  +hyp  log  5.969)  or  2.7866  =  424.84  foot-pounds. 
Deduct  the  work  of  the  clearances,  as  above,...  49.41  do. 


378.43  do. 

To  this  is  to  be  added  the  compensatory  gain  by  the  fall  of  the  pressure 
in  the  reservoir,  which  is  equal  lo  5.94  lbs.  per  square  inch.  It  is  to  be 
multiplied  into  the  length  of  the  stroke  of  the  first  cylinder,  for  the  reduction 
of  back-pressure,  and  the  clearance  of  the  second  cylinder  for  the  saving  of 
passive  work  in  the  dearance.'  The  stroke  is,  as  reduced,  2  feet;  the 
dearance  is  .42  foot,  and  the  sum  of  these  is  2.42  feet  Then  the  work 
of  the  gain  is, 

5.94  lbs.  X  3  in.  X  a.42  feet      =  43. 1 2  footixnindsy 
which  is  to  be  added  to  the  remainder,  above,. . .378.43  da 


making  the  net  work  for  one  stroke  4^1*55  do. 

The  calculations  of  net  work  are  similarly  performed  for  the  3d  and  4th 
cases,  and  they  are  all  brought  together  for  the  four  cases  for  comparison, 
as  follows: — 

Foot-pounds. 

ist  case: — 152.46  x  (i  +h}'])  log  7.959)  or  3.0743    c 468.71 

deduct  for  dearances,   46.41  422.30 


2d  case: — 152.46  x (i  +  hyp  log  5.969)  or  2.7866  =424.84 
deduct  for  deaiances,   46.41 


37«.43 

add  for  £^1  of  receiver-pressure  5.94  lbs.  x 

3  in.  X  2.42  feet,   43.12  4*1-55 

3d  case: — 152.46  X  (i  4-  hyp  log  5.306)  or  2.6688  =406.87 
deduct  for  clearances,   46.41 


360.46 

add  7.92  lbs.  X  3  in.  X  2.42  feet   57'5o  4i7>96 


4th  case:—  1 5  2. 46  y  ( i  +  hyp  log  3*979)  or  2.3810   =  363.01 
deduct  for  dearances,   46.41 


316.60 

add  11.87  lbs.  X  3  in.  X  2.42  feet,   86.1S  402.78 


The  net  works  thus  obtained  are  the  same  as  those  that  were  deduced  from 
the  diagrams  treated  separately  (page  864). 
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CoiiPARATivB  Work  op  Stsam  in  the  Woolf  Engine  and  the 

Rbcbivbr-Enginb. 

It  has  been  shown  tlj^t  the  woik  of  steam  in  the  compound  engine,  when 
tliere  is  no  deannce  and  no  intennediate  fall  of  pressure,  is  the  same  in 
amount,  whether  performed  on  the  Woolf  system  or  the  receiver-system; 
but  that,  when  there  is  an  intermediate  fall  of  pressure,  with  the  enlaige- 
ment  of  volume  by  which  it  is  accompanied,  the  work  done  on  the  receiver- 
system  is  greater  than  that  on  the  Woolf  system;  that  is  to  say,  the  reduction 
of  work  by  fall  of  j)ressure  is  less  rapid  with  the  receiver  than  on  the  Woolf 
system.  This  is  aj)parent  in  the  following  comparative  note  of  the  perfor- 
mances, from  which  it  also  apj)ears  that,  whilst  the  receiver-engine  does 
more  work,  it  expands  the  steam  to  a  less  number  of  times  tiian  the  Woolf 
engine: — 

Woolf  Encinb  [no  deanutce}.  RKBivmK>ENGiMK  (ao  clearance). 

Ratio  of  EipMMoa.     NccWoik.  lUlioof  EipuHioii.  NeiWoik. 

i8t  case:— 9.0    402.85  ft-pds.          9.0    402.85  fi-pds^ 

3d  case: — 7.5    379-S8    6.75   398.10 

3d  case: — 7.0    37118    6.0    393-75 

4th  case:— 6.0    351.77    4.5    378.52 

In  fact,  it  was  found  that  the  reduction  of  work  in  the  4th  case,  when  the 
pressure  fell  to  one-half  intermediately,  was  about  13  per  cent  in  the 
VfooU  engine,  and  only  6  per  cent  in  tiie  receiver-engine.  The  apparent 
anomaly  that  the  engine  in  which  the  greater  expansion  of  steam  takes 
place,  performs  a  less  net  work,  is  explained  by  the  fact  that  in  the  former, — 
the  Woolf  engine, — much  of  the  initial  work  of  the  steam  for  the  second 
cylinder  is  lost  in  the  intermediate  space;  whilst,  in  the  latter, — the  receiver- 
engine, — there  is  no  loss  of  this  kind. 

By  the  addition  of  clearance  to  each  cylinder,  equal  to  7  per  cent,  of  the 
Stroke  at  each  end,  the  actual  ratios  of  expansion  are  sensibly  reduced 
as  compered  with  the  ratios  without  clearance, — in  the  Woolf  engine,  from 
9  to  7.4  when  there  was  no  intermediate  fall  of  pressure,  and  from  6  to  5 
when  there  was  a  fidl  of  one-half.  In  the  receiver-engine,  the  reduction  of 
ratio  is  less  than  in  the  Woolf  engine: — it  is  from  9  to  8  when  there  is 
no  fall,  and  from  4.5  to  4  when  there  is  a  fall  of  one-half  Thus,  the 
effect  of  the  addition  of  clearance  is  clearly  to  reduce  the  net  expansion. 
At  the  same  time,  it  increases  the  net  work  done,  as  appears  from  the 
following  statement : — 

Woolf  Cnginb>-7  %  domice.  Rkbivbr-Encinb^-7  %  cletumnce. 

Ratio  of  Expaaaioii.        NctWoifc.        Ratio  of  Expuulon.  NetWork. 

ist  case: — 7.44  43i*7i  ft-pds.  7.96  432.30  ft-pds. 

ad  case:-- 6.34  405."   *»   5-97  4«i.55  » 

3d  case:— 5.84   394*99   »»   5  3»  4i7  96  „ 

4thGase:— 5.05  372.93   >  3-9*  402.78  „ 

Taking  only  the  4th  case : — in  the  Woolf  engine,  the  net  work  is  raised,  by  the 
addition  of  clearance,  from  352  to  373  foot-pounds;  and,  in  the  receiver- 
engine,  from  378.5  to  403  foot-pounds. 

With  clearance,  as  without  clearance,  it  is  found  that  the  reduction  of 
net  work,  by  intennediate  fall  of  pressure,  is  less  in  the  *receiver-engine, 
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where  it  is  only  4j/^  per  cent.,  with  clearvince.  than  in  the  Woolf  engine, 
where  it  amuunts  to  about  14  per  cent,  when  the  pressure  falls  interme- 
diately one-half. 

As  the  combined  latiofi  of  expaasioa  in  the  recfiver-engine  are  less,  for 
each  case,  than  in  the  Woolf  engine;  so  the  tenninal  pressures  of  the 
expanded  steam  in  the  second  cylinder,  on  passing  to  the  condenser,  aie 
greater  in  the  receiveMigine  than  in  the  Woolf  engine: — 

For  the  ist,  2d,  3d,  4th  case,  with  7  per  cent  clearance, 
the  tenninal  pressures  in  the  second  cylinder  are,  for  the  Woolf  engine, 

S.47»        7.5  7»       7.19)      6.34  lbs.  per  square  inch, 
and  for  the  receiver-engine, 

1'9h        7-9«»       7-92,  7-9«- 

In  the  first  case,  the  terminal  pressure  in  the  Woolf  engine  is  greater 
than  in  die  receiver-engine;  for  there  was  no  intermediate  space  assumed 
in  the  former,  whilst  clearance-space  for  the  second  cylmder  was  assumed 
in  the  latter;  but,  in  the  other  cases,  the  terminal  pressures  in  the  former 
fall  consecutively  below  that  of  the  first  case.  They  also  fall  below  those 
of  the  latter,  which  remain  constant  for  all  the  cases.  This  constancy  of 
terminal  ])ressure  in  the  second  cylinder  of  the  receiver-engine,  simply 
follows  from  the  fact  that  the  terminal  volume  of  the  expanded  steam  is 
always  the  same, — that  of  the  second  cylinder  plus  the  clearance, — what- 
ever be  the  intennediate  ftll  of  pressure;  whilst  in  the  Woolf  engine,  on  the 
contrary,  the  terminal  volume  is  equal  to  that  of  the  second  cylinder, 
increased  by  the  vohmie  of  die  intennediate  space,  and  the  terarinal 
pressure  must  be  less  as  the  terminal  volume  is  increased. 

As  the  terminal  pressure  in  the  receiver-engine  is  thus  shown  to  be,  in 
all  prar  tical  cases,  greater  than  in  the  Woolf  engine,  other  conditions  being 
the  same,  it  directly  follows  that  the  work  peribmied  in  expanding  from  a 
given  initial  pressure  to  the  several  terminal  pressures,  must  be  greater 
in  tiie  receiver-engine  than  in  die  Woolf  engine. 

It  may  be  gathered  from  these  arithmetical  deductions  diat  the  leceiver- 
engine  is  an  elastic  system  of  compound  engine,  in  which  considerable 
ladtude  is  afforded  for  adapting  the  pressure  in  the  receiver  to  the  demaiids 
of  the  second  cylinder,  without  considerably  diminishing  the  effective  work 
of  the  enicine.  In  the  Woolf  engine,  on  the  contrary',  it  is  clearly  of  mucii 
importance  that  the  intennediate  volume  of  space  between  the  first  and 
second  ( ylinders,  which  is  the  cause  of  an  intermediate  iall  of  pressure, 
should  be  reduced  to  the  lowest  practicable  amount 

Supposing  that  there  is  no  loss  of  steam  in  passing  though  the  engine,  by 
cooUng  and  condensation,  it  is  obvious  that  whatever  steam  passes  through 
the  first  cylinder,  must  also  find  its  way  through  the  second  cylinder, 
neither  more  nor  less.  By  varsring,  therefore,  in  the  receiver-engine,  the 
period  of  admission  in  the  second  cylinder,  and  thus  also  the  volume  of 
steam  admitted  for  each  stroke,  the  steam  will  be  measured  into  it  at  a 
higher  pressure  and  of  a  less  Inilk,  or  at  a  lower  pressure  and  of  a  greater 
bulk:  the  ])ressure  and  density  naturally  adjusting  themselves  to  the 
volume  permitted  to  escape  from  the  receiver  into  the  cylinder.  With  a 
sufficiently  restricted  admission,  the  pressure  in  the  receiver  may  be  niaiii> 
tained  at  the  pressure  of  the  steam  as  exhausted  from  the  first  cylinder. 
On  the  contrary,  with  a  wider  admission,  the  pressure  in  the  receiver  msy 
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fidl  or  "  drop  "  to  three-fourths,  or  mn  onftJialf  of  the  pressuzc  of  the 
eadiaust  steam  from  the  first  cylinder. 

There  is  a  means  of  counterbalancing  the  loss  of  performance  by  inter- 
mediate fall  of  pressure,  by  so  enlarging  the  second  cylinder  as  to  eftect 
the  same  ultimate  ratit>  of  expansion  behiad  the  pistons,  as  would  be: 
effected  m  tfat  originally  designed  engiiie  if  tfaeie  were  no  intermediate 
ML  For  emnple,  whea  the  capadbes  of  the  first  and  second  cylindeis 
are  as  i  to  3,  and  the  steam  is  ttiitoff  in  each  at  one-tfaiid  of  the  stroke,, 
without  an]f  intermediate  fall,  the  steam,  if  there  be  no  detnnce,  is  expanded 
into  nine  times  its  initial  volume.  But,  when  there  is  an  intermediate  fall 
of  pressure,  of,  say,  one-fourth  of  the  final  pressure  in  the  first  cylinder,, 
involving  an  increase  of  volume  of  steam  in  the  ratio  of  3  to  4,  the  second 
cylinder  must  be  correspondmgly  enlarged  in  the  ratio  of  3  to  4,  in  order 
to  contain  the  charge  of  steam  for  expansion,  when  cut  off,  as  before,  at 
one-third  of  the  stroke  By  such  enlargement  of  the  second  cylinder,  in 
the  ratio  of  the  intermediate  enlaigement  of  the  steam,  the  same  ultimate 
ratio  of  expansion  is  secured,  and  an  equivalent  performance  is  effected. 
Such  a  remedy,  when  specially  applied  for  the  purpose  of  counterbalancing 
ineffective  ex[)ansion  of  steam,  involves  the  employment  of  enlarged 
cylinders,  and  entails  the  objections  of  increased  weight,  bulk,  and  cost 
of  machinery.  It  would  be  more  useful  as  a  remedy,  when  applied  to 
the  Woolf  engine,  than  to  the  receiver-engine. 

Formulas  and  Rules  for  Calculating  the  Expansion  and  the 
Work  of  Steam  in  Compound  Engines. 

In  view  of  the  preceding  discussions  of  the  ei^tansive  working  of  steam 
in  compound  cylinders,  the  following  algebraic  symbols  are  used: — 

0  a  the  area  of  the  first  cyfinder  in  square  inches, 
o'sthe  area  of  the  second  cylinder  in  square  inches. 

r=thc  ratio  of  the  area  of  the  second  cylinder  to  that  of  the  first  cylinder. 
L  =  the  length  of  the  stroke  m  feet,  supposed  to  be  the  same  for  both  cylinders. 
/  =  the  period  of  admission  to  the  first  cylinder^  in  feet,  excluding  clearance, 
r  =  the  clearance  at  each  end  of  the  cylinders,  m  parts  of  die  stroke  in  feet 
L'=^the  length  of  the  stroke  plus  the  clearance,  in  feet. 
/  =  the  period  of  admission  plus  the  clearance,  in  feet. 
s  =  the  length  of  a  given  part  of  the  stroke  of  the  second  cylinder,  in  feet. 
P«ithe  totiu  initial  pressure  in  the  first  cylinder,  in  pounds  per  square  inch, 

supposed  to  be  uniform  during  admission. 
P  =  the  total  pressure  at  the  end  of  the  given  part  of  the  Stroke, 
p  =  the  average  total  pressure  for  the  whole  stroke. 
Rsthe  nonunal  ratio  of  expansion  in  the  first  cylinder,  or  L'r^ 
R'  =  the  actual  ratio  of  expansion  in  the  first  cylinder,  or  L'-f-/'. 
R^Bthc  actual  combined  ratio  of  expansion  behind  me  pistons,  in  the  first  and 

second  cylinders  together. 
XTasthe  actual  ratio  of  expansion,  or  number  of  volumes  into  which  the  steam 
occupying  the  first  cylinder  at  the  end  of  the  strc^e,  is  expanded  in  the 
second  cylinder  at  the  end  of  any  part  of  the  return  stroke,  s\ — the 
special  initial  volume,  or  the  capacity  of  the  lirst  cylinder,  being  =  i. 
»  =  the  ratio  of  the  final  pressure  in  the  first  cylinder  to  any  intermediate  fall 

of  pressure  between  the  first  and  second  cylinders. 
Nsfiie  ratio  of  the  volume  of  the  intermediate  space  in  the  Woolf  engine 
reckoned  up  to,  and  including  the  clearance  of,  the  second  piston,  tO 
the  capacity  of  the  first  cylinder  plus  its  clearance, 
wsthe  whole  net  work  in  one  stroke,  in  foot-pounds. 
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Formulas  and  rules  may  be  constructed  on  the  basis  of  the  oombined 
ratios  of  expansion  behind  the  two  pistons: — the  combined  tatio  being  the 
product  of  Uie  actual  ratios  of  expansion  in  the  first  and  the  second  cylinders. 
When,  as  usually  happens  in  practice,  intermediate  expansion  takes  place 
between  the  cyhnders,  if  the  ratio  of  this  expansion  be  multiplied  into  the 
combined  ratio  of  expansion  behind  the  pistons;  or,  if  the  three  individual 
ratios  of  expansion  in  the  first  and  second  cylinders,  and  in  the  interme(iiate 
space,  be  multiplied  together,  the  product  is  the  ratio  of  total  expansion  of 
the  steam  within  the  engine,  to  the  end  of  the  stroke  of  the  second  cylinder, 
when  it  is  discharged  mto  the  condenser..  For  example,  if  the  steam  be 
expanded  to  three  times  its  volume  in  the  first  cylinder,  twice  in  the  second 
cylinder,  and  one-and-a-half  times  in  the  intermediate  space;  the  combined 
ratio  of  expansion  behind  the  pistons  is  the  product  of  the  first  and  second 
of  these;  that  is, — 


In  first  cylinder,   i  to  3, 

In  second  cylinder,   x  to  2, 


Combined  ratio  of  expansion  behind  I  •  ^  6  or  6 

pistons,   J  '   

Intermediate  expansion,   i  to  1.5,    or  1.5 

Ratio  of  total  expansion,*   x  to  9,    or  9 


Or,  the  individual  ratios  may  be  placed  consecutively  thus: — 


In  first  cylinder,  

Intermediate  exi)ansion,. 
In  second  cylinder,  

Ratio  of  total  expansion. 


I  to  3,    or  3 

I  to  1.5,    or  1.5 

I  to  2,    or  2 


X  to  9  or  9 


Conversely,  when  the  total  expansion  is  given,  the  expansion  behind  the 
pistons  may  be  calculated  by  dividing  the  total  ratio  by  the  ratio  of  inter- 
mediate expansion.    Thus,  if  the  total  ratio  be  9,  and  the  intermediate 

ratio  be  1.5,  the  combmed  ratio  behind  the  pistons  is      =6:  or  i  to  6. 

1.5 

Generally,  if  the  total  ratio  be  divided  by  any  one  of  the  individual  ratios, 

Uie  quotient  is  the  product  or  combination  of  the  two  others. 

Further,  if  two  ratios  be  equal  to  each  other,  the  combined  ratio  is  equal 
to  the  scjuare  of  one  of  them ;  and,  conversely,  the  square  root  of  a  gi\  cn 
ratio  is  the  value  of  two  elementary  ratios,  which  when  combined  yield  the 
given  ratio.    Thus,  if  there  be  two  ratios,  each  equal  to  3,  then     x  3,  or 

3'  =  9,  the  combined  ratio  formed  by  those  two.  Conversely,  (>v/9^  )  3 
is  the  value  of  two  elementary  ratios  which,  if  combined,  form  the  ratio  9. 
Similarly,  the  two  equal  raUos  which,  when  combined,  form  the  ratio  7,  are 

each  equal  to  7  =  2.65;  the  square  of  2.65,  or  2.65  x  2.65,  being  equal 
to  7. 
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To  find  the  actual  ratio  of  expansion  in  the  first  cylinder, — This  is  found 
by  the  fonnula,  page  828,  when  the  stioke,  the  period  of  admission,  and  the 
deaianoe  are  given.   It  is  equal  to 

7=R'  (IS) 

That  is  to  say,  the  actual  ratio  of  expansion  in  the  first  cylinder  is  equal  to 
the  quotient  of  the  length  of  stroke  plus  the  clearance  divided  by  the  period 
of  admission  plus  the  clearance.  For  example,  if  the  steam  be  cut  off  at 
one-third  of  the  stroke,  and  the  clearance  be  7  per  cent,  the  length  of  stroke 
being  ecjual  to  r ;  then  the  stroke  plus  the  clearance  is  equal  to  r.07,  and 

I  07 

the  period  of  admission  is  equal  to  .3333 +  .07  =  .4033;  and  '  =  2.653, 
the  actual  ratio  of  expansion.  '4033 

To  find  the  ratio  of  Intermeiliate  Expansion. — According  to  the  assumption 
that  the  volume  of  a  given  weight  of  steam  is  inversely  as  its  elastici^,  or 
its  pressure  per  square  inch,  the  enlargement  of  volume,  or  eacpansion,  may 
be  deduced  from  the  pressures  before  and  after  expansion.  Thus,  if  the 
pressure  be  reduced  from  20  lbs.  to  15  lbs.  per  s(^uare  inch,  the  volume, 
mversely,  is  enlarged  in  the  ratio  of  15  to  ao;  and,  if  the  initial  volume  be 

taken  as  i,  then,  by  proportion,  15  :  so : :  i :  1.33;  or  i  x  —  =  r.33.  Thus, 

in  reducing  the  pressure  the  volume  is  enlarged  ^d,  and  the  ratio  of 
expansion  is  1.33. 

By  the  notation,  n  is  the  ratio  of  the  final  pressure  in  the  first  cylinder  to 
die  intermedkite  fiill  of  pressure  between  the  first  and  second  cylinders ;  or, 
it  is  the  denomiiuitor  of  the  firactional  part  of  the  final  pressure,  expressing 
the  fall  df  pressure.   When  the  fall  is  ^th,  therefore,  11=4;  and  the 

remaining  pressure  is  ^ths,  and  is  as  3,  or    -  i.    The  pressures,  then, 

before  and  after  the  fall,  are  as  «  :  w  -  i ;  and,  inversely,  the  volumes  are  as 
Ji-  1        Taking  the  capacity  of  the  first  cyHnder  with  its  clearance,  as  i, 

the  expanded  volume  is  found  by  the  proportion  n  - 1 : » : :  i :  ;  and 
the  ratio  of  intennediate  expansion  is  equal  to  ^  ~  ' 

—   ( 16 ) 

»- 1 

Substituting  4  for  /i  m  this  expression,  the  ratio  of  expansion  in  the  preceding 
example,  is  — ^  =  A   i.tt,  as  aheady  found. 

It  is  necessary,  in  the  receiver-engine,  thus  to  reckon  backwards, — from 
the  observed  pressures  to  the  volumes, — in  order  to  find  the  intermediate 
ratio  of  expansion,  since  the  volume  of  the  receiver  aflfords  no  evidence 
whatever  of  the  amount  of  expansion  between  the  first  and  second  cylinders. 

The  same  process  may,  of  coturse,  be  applied  in  the  Woolf  engine,  to  find 
the  intermediate  expansion;  but  the  ratio  of  this  expansion  is,  otherwise, 
exactly  and  directly  determinable  by  the  volume  of  the  intermediate  space. 
The  ratio  of  the  capacity  of  the  first  cylinder  plus  the  clearance,  to  the 
intermediate  space,  is,  by  the  notation,  as  i  to  N ;  and  the  sum  of  these. 
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or  the  enlarged  volume,  is  as  (i  -f  N).  The  ratio  of  intermediate  expansion 
is,  tiietefore,  as  i  to  (i  +  N);  or  it  is 

(i+N).    (17) 

To  find  the  value  of  N  in  terms  of  the  intermediate  fall  of  pressure : — 
The  intennediate  ratio  was  found,  in  terms  of  the  ratio  of  pressure    to  be 

and  i+N  -   "  ;  so  tkat 

«- I  n-i 


(18) 


That  is,  the  volume  of  the  intermediate  space  relative  to  that  of  the  first 
cylinder  plus  its  clearance,  is  equal  to  the  quotient  of  the  final  pressure  in 
toe  first  qrlinder,  divided  by  the  ndnced  preasMW  after  the  ftU,  minus  i. 
For  eumpley  die  final  and  redooed  pmnuss  being  20  IbsL  and  15  IbsL 
respecdvelyy  20-5.15  =  1.33;  and  r.33— 1«»33,  which  is  the  value  of  N, 
the  intermediate  space,  relative  to  the  capacity  of  the  first  cylinder  plus  itg 
clearance,  taken  as  i.  In  this  calculation,  the  actual  values  of  the  pressures 
have  been  used,  instead  of  their  relative  values  as  indicated  in  the  above 
expression  (18);  but  the  result  is  the  same,  for,  putting  for  n  the  ratio  4, 

then,        =  i  « 1.33 ;  and  1.33  - 1  =  .33,  as  before. 

4-13 

The  capacity  of  the  intermediate  space  in  the  Woolf  engine,  is  found  by 
multiplying  that  of  the  first  cylinder  pkm  its  dcaxaoce  by  me  ratio  N. 

7}f  find  t/U  Jtatw  ef  Ea^amwn  m  tkt  stuml  ^Umkr.---In  th$  Woo^ 
engine.  This  would  be  expressed  by  the  ratio  of  the  capacity  of  the  fii^ 
<7iinder  to  that  of  the  second  cylinder,  if  there  were  no  deaiances  nor 
odier  intermedinte  space,  ^^'ith  clearances  and  intermediate  space,  the 
ratio  of  expansion  in  the  second  cylinder  is  less  than  that,  and  is  equal 
to  the  ratio  of  the  capacity  of  the  first  cylinder  plus  its  clearance  plus 
the  intermediate  space,  to  the  capacity  of  the  second  cylinder  plus  the 
intermediate  space,  this  last  being  taken  to  indude  the  clearance  of  dhe 
first  and  second  cylinders.  Taking  the  capacity  of  the  first  cylinder  plus  its 
dearance  as  i,  that  of  the  intemMdiate  space  is  N.  The  capacity  of  the 
second  cylinder,  with  its  deaiance,  is  expressed  by  the  ratio  r;  without 
clearance,  it  is  less  than  r  by  as  much  in  proportion  as  the  capacity  of  the 
cylinder  is  less  than  the  cylinder  plus  the  clearance,  or  as  L  is  less  than 

(L + (\  or  L'.  The  reduced  ratio  is,  then,  ^  ^  p;  an<l  the  rado  of  expansion 
in  the  second  cylinder  is  as  (i  +  N)  is  to  (r  x  ^)  +  or 

Katio  of  expansion  in  second  cylinder  =  — —   (  '9  ) 

That  is,  the  ratio  of  tlic  first  to  the  second  cylinder  is  multiplied  by  the 
length  of  stroke,  and  divided  by  this  length  plus  the  clearance;  and  the 
ratio  of  the  mtcraiediate  space  is  added  to  the  quotient,  making  a  sum,  say,  A. 
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To  the  ratio  of  the  intermediate  space  is  added  i ,  making  a  sum,  say,  B.  Sum 
A  is  divided  by  sum  B,  and  the  quotient  is  the  ratio  of  expansion  in  the 
second  cyfindo;  For  example,  let  3,  N  =  .333,  L^d  feet,  and  V^6 
ptuff  7p^oentof6»or6^.  Then 

(3  >^  T^J  +  333: 

 ^  ^a.J53, 

*+«3a3 

the  ratio  of  expansion  in  the  second  cylinder. 

/n  the  rectiver-tngine.  The  actual  ratio  of  expansion,  in  the  second 
cylinder,  is  not  affected  by  deaiancei  assumnig,  of  course,  that  the  per- 
centage of  clearance  is  the  same  as  in  the  first  cylinder.  When  there  is  no 
intermediate  &11  of  pressnie,  ^e  ratio  of  expansion  is  simply  that  of  the 
first  and  second  cylinders,  or  r.  But,  with  an  intermediate  fall,  this  ratio  is 

lednced  as  the  ratio  of  intennediate  expausion  b  mcreased,  nsmely 


-I' 


and  it  ia  as  this  zatio  invcssefy,  qk^ 

Ratio  of  expansion  in  second  cyimder  =  rx  Izi.  zSHzJlLI.   (20) 

For  example,  putting  the  ratio  of  the  cylinders,  r  =  3,  and  the  mtio,  of 
the  intennBdiate  iali  to  the  final  picssiire  in  the  first  cylinder,  -4it  as  beiiore; . 

then,  (£zi)^«liiis3.25,  the  actual  ratb  of  expansion  in  the  second 
4  4 

cylinder. 

7o  Jitui  the  total  adual  Ratio  of  Expansion  as  ice/I  as  the  combined  actual 
Ratio  of  Rxpatision  behind  the  two  pistons.  Tlie  total  actual  ratio  of  expan- 
sion is,  as  was  stated  (pa^e  870),  the  product  of  the  ratios  of  the  three 
consecutive  expansions: — m  the  first  cyimder,  in  the  intennediate  space, 
and  in  the  second  cylinder. 

Far  the  Woolf  engine.  The  expressions  of  these  expansiops  are  numbered 
(15),  (17),  and  (19),  and  their  product  is  as  follows: — 

^x(i  +  N)x_^-^;or, 

L'       L  T 
Total  actual  ratio  of  expansion  -  -jr'^  (''t  /  +        or  ^{r~  +  N) . . .  (21) 

That  is  to  say,  the  mtio,  r,  of  the  first  to  the  second  cylinder  is  to  be 
multiplied  by  the  kngih  of  stroke,  and  divided  by  this  length  plus  the 
dearanoe;  and  the  ratio-value  of  the  intermediate  space,  N,  is  added  to  the 
quotient  The  sum  is  then  multiplied  by  the  actual  ratio  of  expansion  in 
die  first  cylinder,  and  the  product  is  the  total  actual  ratio  of  expansioiL 
For  example,  let  the  steam  be  cut  off  at  a  third  of  the  stroke  of  the  first 
cylinder,  with  a  clearance  of  7  per  cent. ;  let  the  ratio,  r,  of  the  cylinders  be 
3,  and  the  ratio-value,  N,  of  the  intermediate  space,  .333  or  y^d.  Then, 
the  stroke  of  the  first  cylinder  being  =  i,  the  actual  ratio  of  expansion  in 
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it,  R',  as  was  exemplified  at  page  87 1,  is  1.07  -i-  .4033  ^  2.653.  modified 

ratio  of  the  cylinders  is  3  x  — —  =  2.804;  and  2.804  +  '333  =  3*  i37«  Finally, 

1.07 

2.653x3.137^8.333,  the  total  actual  ratio  of  expansioii.   It  may  be 

observed,  that  the  fraction,  ^— ,  above  employed,  is  equivalent  to  tlie 

ficactioD,        employed  for  the  same  puipose,  m  the  example,  page  873. 

The  combined  actual  ratio  of  expansion  behind  the  pistons,  in  the  Woolf 
engine,  is  the  product  of  the  first  and  third  of  the  above^nted  expressions, 
namely  (15)  and  (19),  or, 

 fl^  =  R'_k    (as) 

/        i+N  i+N  ^  ' 

That  is  to  say,  the  product,  as  above  found,  for  the  total  expansion,  is  to  be 

divided  by  the  ratio-vaUie  of  the  intermediate  space  plus  i ;  the  quotient  is 
the  combined  actual  ratio  of  expansion  behind  the  pistons.  For  example, 
resuming  the  data  of  the  preceding  example,  the  final  product  expressing 
the  total  actual  ratio  of  expansion,  was  found  to  be  S.322;  and  the  divisor 

to  be  applied  to  it,  is  i  +  .333  =  1.333.  Then,     —  =  6.342,  the  combined 

1.333 

actual  ratio  of  expansion  behind  the  pistons. 

JRfr  the  Reenver'tHgint,  The  total  actual  ratio  of  expansion  is  the  product 
of  the  expressions  of  the  three  consecutive  expansions,  numbered  (15)^  (16), 
and  (30);  their  product  is  as  follows: — 

]j,^J!-y.'£^^.r}^^r^   (,3) 

That  is  to  say,  the  ratio,  r,  of  the  first  and  second  cylinders  is  to  be  multi- 
plied by  the  actual  ratio  of  expansion,  R',  in  the  first  cylinder.  The  product 
is  the  total  actual  ratio  of  expansion.  For  example,  making,  as  before, 
r  =  3.  and  R'  =  2.653,  the  product  (3  x  2.653  =  )  7.959,  is  the  total  actual  ratio 

of  expansion. 

The  product  of  the  first  and  third  of  the  above  three  expressions,  namely 
(15)  and  (20^,  gives  the  value  of  the  combined  actud  ratios  of  expansion 
bdmnd  the  pistons;  thus, 

L',(^,»-,^j^,   ^^^j 

That  is  to  sa^,  the  ratio  of  the  first  and  second  cylinders  is  multiplied  by 
the  actual  ratio  of  expansion  in  the  first  cylinder,  and  by  the  ratio  of  the 

intermediate  fall  of  pressure  to  the  final  pressure  in  the  first  cylinder  minus  i; 
and  the  final  product  is  divided  by  this  ratio  simply.  The  quotient  is  the 
combined  actual  ratio  of  expansion  behind  the  pistons.  For  example, 
resuming;  the  product  in  the  last  preceding  example,  and  taking  //,  the  ratio 

of  the  intermediate  fall  of  pressure  ^4;  then  3  x  3.653  x  iJli  s  7>959  ^  - 

4  4 

s  5.969,  the  required  ratio. 
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Tb  find  the  Work  done  in  the  two  cylinders  of  compound  engines — The 
IVaoif  en^ne.  It  has  already  been  stated  that  the  formula  (  5  ),  page  828, 
for  the  woik  of  steam  expanded  in  one  cylinder,  applies  also  to  the  work  of 
steam  in  the  Woolf  engine,  when  the  combined  actual  ratio  of  expansion 
behind  the  pistons  in  the  two  cylinders,  is  given.  Thus,  the  net  total  work 
for  one  stroke  of  the  two  pistons,  quoting  that  fonnula,  is, 

w=flPt/'(i+hyptogR')-f|   (as) 

RULB  I.  *  TIr  find  the  nd  work  done  by  stmm  m  the  two  iyHnders  af  a 
Woolf  mginty  for  one  stroke^  with  a  gitm  combined  aetttal  ratio  of  expansion, — 
To  the  hyperbolic  logarithm  of  the  combined  actual  ratio  of  expansion 

behind  the  two  pistons,  add  i;  multiply  the  sum  by  the  period  of  admission 
to  the  first  cyHnder  plus  the  clearance,  in  feet;  and  from  the  product  subtract 
the  clearance.  Multiply  the  area  of  the  first  piston,  in  square  inches,  by 
the  initial  pressure  in  pounds  per  square  inch,  and  by  this  remainder.  The 
product  is  the  net  work  in  foot-pounds. 

For  example,  let  the  sd  case,  pages  860,  861,  be  calculated  by  this 
rale:— ^  P  =  i  x  63  -  63  lbs.,  /'  =  2.42  feet,  c  =  .42  foot,  and  R'^s  6.24. 
Then, 

flef=  63  [2.42  (1+ hyp  log  6.24) -.42] 

=63  r  {2.42  X  2.83 10) '.42] 

= 63  (6.85 1  -  .42} = 405.20  foot-pounds, 

as  was  before  calculated,  allowing  for  small  errors  of  approximation. 

The  Meeeher-engine, — A  complete  formula  for  the  work  of  the  receiver- 
engine  necessarily  comprises  three  elements: — First,  the  expression  of  the 

gross  work,  including  the  work  of  the  clearances;  second,  the  deduction 
for  the  passive  work  of  the  clearances;  third,  the  addition  for  the  gain  of 
work  by  the  reduction  of  the  back  pressure  on  the  first  piston  when  there 
is  an  intermediate  fall  of  pressure.  Beginning  with  the  first  case,  pages 
863,  864,  in  which  there  is  no  intermediate  &11  of  pressure,  the  total  initial 
woric  of  the  steam  admitted  to  the  first  qrlinder  is  expressed  by  0  P 
n^enoe  the  total  work  with  expansion  is 

tfPr  (i+hyplogR').    (a6) 

This  measures  the  total  area  of  the  diagram.  Fig.  347,  page  862,  iiKluding  the 
dearances.   The  work  of  the  clearance  of  the  fust  cylmder,  c€'<fo,  is 

Pr. 

The  work  of  the  clearance  of  the  second  cylinder  is  the  rectangle  hh'o'o^ 
which  includes  the  section  hoo'  of  tiie  first  clearance;  and,  deducting  this, 
the  remainder,  which  is  the  rectangle  A'^^,  is  to  be  added  to  the  first 
clearance.  To  express  this  remainder  algebraically,  the  volumes  of  the 
first  and  second  clearances,  00"  and  oo\  are  in  the  ratio  of  the  areas  of  the 
cylinders,  or  as  i  to  r,  and  the  volume  of  the  difference,  o''o'y  is  as  r  (r-  i). 
The  height,  oh\  is  the  Anal  pressure  in  the  hrst  cylinder,  and  is  equal  to  the 
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initial  pressure  divided  R',  the  actual  ratio  of  expansion  in  the  fint 
qrMnder;  or, 

P 

Therefore  the  work  of  the  eicess,  d'^^  oCthe-accond  deazance  is, 

MUX  tK  vKQ  wont  OB  toB  CIBDIIIGBS  MS  aDgguiCiy  * 

to  be  deducted  from  the  gross  work  by  expansion  (26).  Whence  the  equation 
for  the  net  work,  in  the  first  case: — 

a/  =  a  P  /'  (I  +  hyp  log  R^  -a  P  <r  (i  or 
«r=aP[/'(i+hyplogR')-^(i+^)].   («7) 

« 

when  there  is  no  intermediate  fall  of  pressure. 

Before  rcducinjr  this  formula  to  a  rule,  it  may  be  remarked  that  it  gives 
values  which  approximate  closely  to  the  true  values,  for  cases  in  which  there 
are  intermediate  falls  of  pressure — such  cases  as  usually  occur  in  practice: — • 
and,  for  ordinary  practical  purposes,  the  results  of  the  application  of  tliis 
fbnnula  will  be  sufficiently  near  to  exactness.  It  was  found,  m  fact  (page  864), 
that  the  reductions  of  work  by  intermediate  faUs*  as  compared  with  ihe 
work  done  whea  there  was  no  fidl,  were  as  follows: — ^When  the  pressure 
fidlsto 

jit      ^      }i  of  Ifae  final  pnmn  in  the  first  cylinder, 
ihe  redvction  of  work  is, 

0.2,      i.o,      4.6  per  cent  of  that  in  the  first  case. 

The  intermediate  fall  of  pressure  is  rarely  so  much  as  two-thirds;  and  even 
with  this  fall  the  reduction  of  work,  it  is  seen,  only  amounts  to  i  per  cent 

Theslightness  of  the  reduction  results  from  the  fact,  as  was  before  explained, 
that  though  the  actual  ratio  of  expansion,  with  intermediate  falls,  is  less 
than  when  there  is  no  intermediate  fall,  yet  the  loss  of  work  by  such  reduc- 
tion of  expansion  is  practically  compensated  by  the  gain  of  net  work  on  the 
first  piston  by  the  fall  of  back  pressure  against  it 

Adopting,  then,  the  formula  (27)  as  applicable  for  all  cases  of  receiver- 
engines  ansing  in  practice,  it  is  required  only  to  give  the  actual  ratio  of 
expansion  in  the  first  cylinder,  and  to  multiply  this  ratio  by  the  ratio  of  die 
capacities  of  the  two  cylinders,  to  arrive  at  the  ratio  of  expansion  to  be 
employed  in  the  formula.  This  is  literally  the  actual  combined  ratio  of 
expansion  for  the  first  rase,  without  intennediate  fall  of  pressure,  as  was 
found  (page  S65),  represented  by  R*  in  the  formula  (27). 
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Rule  2.  To  find  the  net  work  done  by  steam  in  the  two  cylinders  of  a 
receiver-engine  for  one  stroke^  with  a  givem  actual  ratio  of  expansion  in  the  first 
cylinder, — Multiply  the  actual  ratio  of  expansion  in  the  first  cylinder  by  the 
ratio  of  the  two  cylinders,  and  to  the  h3rperboHc  logarithm  of  the  compound 
ratio  add  i;  multiply  the  sum  by  the  initial  period  of  admission  to  the  first 
cylinder,  plus  the  clearance,  in  feet  (product  A).  Divide  the  ratio  of  the 
two  cylinders,  minus  i,  by  the  actual  ratio  of  expansion  in  the  first  cylinder; 
add  I  to  the  quotient,  and  multiply  the  sum  by  the  initial  clearance  in  feet 
(product  B).  Subtract  product  B  from  pru<.luct  A,  giving  the  remainder  C. 
Multiply  the  area  of  the  first  cylinder,  in  square  inches,  by  the  total  initial 
pressure  in  pounds  per  square  indi,  and  by  the  remainder  C.  The  paroduct 
IS  the  net  work  in  foot-pounds  for  one  stroke. 

This  rule  is  applicable  to  any  of  die  four  cases,  page  865:  a  =  i  square 
inch,  P  =  63  lbs.  per  square  inch,  ^  =  .42  foot,  /'=  2.42  feet,  R'=  2.653, 
"R^"  =  7  959>  ^=  3»  '^"^i  log  B."  =  2.0743.  Hien,  on  die  model  of  the 
given  formula  (27), 

a/  =  63  [2.42  (i  +  2.0743)  -  .42  (i  + ] 

2.053 

=  63  (7.440  -  .737)  =  422.29  foot-pounds, 

as  was  before  calculated  for  the  first  case.  Or,  following  the  wording  of 
the  rule: — The  combined  actual  ratio  of  expansion  is  7.959,  of  which  the 
hyperbolic  logaridim  is  2.0743;  adding  i  to  this,  the  sum,  3.0743,  is  multi- 
plied by  2.42,  the  initial  period  of  admission  ^lus  the  clearance,  and 
3.0743  X  2.42  s  7.440  (product  A).  Again,  the  ratio  of  the  cylinders  is  3, 
and  3-1  =  2;  the  actual  ratio  of  expansion  in  the  first  q^linder  is  2.653, 
and  2  ^  2.653  ^•754*  Adding  i  to  this  quotient,  the  sum  is  multiplied  by 
the  initial  clearance  .42,  or  T.754  x  .42  =  .737  (product  B).  The  difference 
of  products  A  and  B  is  (7.440  -  .737  =  )  6.703,  and  this.  nuiUii)lied  In'  63  lbs., 
the  initial  pressure  per  square  inch,  and  by  i,  the  area  of  the  piston  in  square 
inches,  gives 

6.703  X  63  X  I  =  422.29  foot-pounds, 
the  vork  of  one  stroke. 
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COMPRESSION  OF  STEAM  IN  THE  CYLINDER. 

The  work  expended  in  compressing  such  exhaust  steam  as  is  not  per- 
mitted to  escape  during  the  return-stroke  of  the  piston,  and  is  shut  into  the 
qrlinder  against  the  retiring  piston,  is  to  be  reckoned  against  the  quantity 
of  steam  thus  reclaimed.  For  every  phase  of  the  distribution  there  is  a  par- 
ticular period  of  compression,  by  the  adoption  of  which  the  resulting  effi- 
ciency of  the  steam,  for  a  given  distribution,  is  raised  to  a  maximum.  The 
method  of  determining  the  best  period  of  compression  will  be  given  in  the 
au  thor's  work  on  The  Steam  Engine,  'l  lie  following  tal)le.  No.  298,  contains  the 
best  periods  of  compression  for  several  periods  of  admission,  with  7  per  cent, 
clearance,  and  for  several  back  exhaust-pressures.  It  is  seen,  by  the  table, 
that,  the  more  expansively  the  steam  is  worked,  the  greater  should  be  the 
period  of  compression — that  is,  the  exhaust  port  should  be  dosed  the  earlier 
m  the  course  of  the  return-stroke ;  and  that  the  greater  the  proportion  of 
back-pressure  to  initiala>ies8ure^  the  less  should  be  the  period  of  compression. 


Table  No.  298. — Compression  of  Steam  in  the  Cylinder. 
Best  Periods  of  Compression  ; — Clearance  7  per  cent 


Total  Badi 

piitMuw,  in  Poraentai 

BM  of  the  Tbtal  Inidal  PreMurai 

Cut-off  in 

Percentages 

of  the 

1  ^ 

1  '° 

1 

1  " 

i 

Suoke. 

Periods  of  G 

DOipraiBOD, 

in  parti  of  the  Stroke. 

per  cent. 

per  cent. 

per  cent. 

per  cent. 

per  cent. 

peroniL 

percent 

percent 

10 

65 

57 

44 

32 

58 

52 

40 

29 

23 

so 

52 

47 

37 

27 

32 

as 

47 

4a 

34 

s6 

21 

17 

30 

42 

39 

3a 

as 

20 

16 

«4 

12 

35 

39 

35 

29 

23 

19 

15 

"3 

II 

40 

36 

32 

27 

21 

18 

14 

13 

I  r 

45 

33 

30 

25 

20 

17 

14 

1 2 

10 

50 

30 

27 

23 

18 

16 

13 

12 

10 

55 

27 

24 

21 

17 

15 

13 

II 

9 

60 

24 

22 

19 

15 

14 

I  2 

II 

9 

65 

22 

so 

17 

15 

14 

12 

10 

8 

70 

19 

17 

16 

14 

14 

12 

10 

8 

75 

17 

16 

14 

13 

13 

II 

9 

8- 

Notes  to  Table. — i.  I'ur  jjeriods  of  admission,  or  percentages  of  back-pressure^  other 
than  those  given,  the  periods  of  compression  may  be  readily  found  by  interpolation. 

9.  For  other  clearnncos.  t>u>  values  of  the  tabulated  periods  of  OtMnprOOioll  are  tO  be  altered 
in  the  ratio  of  7  to  the  given  percentage  of  clearance. 
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Actual  Performance  op  Steam  in  the  Steam-Engtne. 

In  working  steam  expansively,  the  practical  performance  is  atlected  by 
several  circumstances.  There  is  the  influence  of  the  wire-drawing  of  the 
steam  during  its  admission  into  the  q^deis;  of  the  needful  opening  of  the 
exhaust  passages  before  the  end  of  we  stroke,  for  the  escape  of  the  steam 
from  the  cylinder;  of  the  back  exhaust  pressure  on  the  piston,  and  the 
closing  of  the  exhaust  passage  before  the  end  of  the  return-stroke,  with  the 
ccmsequent  shutting  in  and  compression  by  the  piston  of  a  portion  of  the 
exhausting  steam.  These  influences  have  been  analyzed  and  measured 
by  the  author.  He  concluded  that,  when  the  cylinders  were  liberally  pro- 
portioned, first,  the  possible  loss  by  early  exhaust  was  of  no  importance,  and 
that  the  early  release  was,  on  the  contrary,  beneficial,  in  fiicilitating  a  complete 
exhaust  during  the  return-stroke;  second,  that  the  loss  by  wire-drawing  was 
of  litde  or  no  moment,  and  that,  as  wire^lmwing  was,  to  some  degree,  equivar 
lent  to  an  earlier  cut-off,  it  might  even  prove  advantageous  in  point  of 
economy;  third,  that  the  loss  by  back  exhaust  pressure  in  excess  of  the 
atmospheric  resistance  in  non-condensing  engines,  in  good  practice,  is  of 
little  or  no  importance.  These  conclusions  were  based  upon  the  jK^rformance 
of  locomotives,  fitted  with  the  link-motion,  and  worked  with  steam  of  loo  lbs. 
effective  pressure  per  square  inch  in  the  boiler;  but  they  are  applicable  to 
all  classes  of  steanohengine.^ 

The  only  obstacle  to  the  working  of  steam  advantageously  to  a  high 
degree  of  expansion  in  one  cylinder,  in  general  practice,  is  the  condensation 
to  which  it  is  subjected,  when  it  is  admitted  into  the  cylinder  at  the  begin- 
ning of  the  stroke,  by  the  less  hot  surfaces  of  the  cylinder  and  the  piston ; 
the  proportion  of  which  is  increased  with  the  ratio  of  expansion,  so  that  the 
economy  of  steam  by  expansive  working  ceases  to  inc  rease  when  the  period 
of  admission  is  reduced  down  to  a  certain  fraction  of  the  stroke,  and  that, 
on  the  contrary,  the  efficiency  of  the  steam  is  diminished  as  the  period  of 
admission  is  reduced  below  that  iiaction.  The  initial  condensation  here 
pointed  out,  is  succeeded  by  the  re-evaporation  of  a  portion  of  the  condensed 
steam  during  the  later  portion  of  the  period  of  exp,insion;  because,  as  the 
pressure  falls,  the  temperature  of  the  steam,  and  of  the  water  which  it  con- 
tains, also  falls,  until  it  ultimately  descends  below  the  actual  temperature  of 
the  cylinder,  when  the  heat  of  the  cylinder  is  absorbed  by  the  water,  and 

^  See  Jtaiimty  Maekinery,  1855,  pp.  69-99 ;  ^  P*per  on  '*  The  Expansive  Working 
of  Steam  in  Looomotives,"  in  the  PrtukHmgt  of  Uu  ImstiMwt  ofMtckamkal  Engimen, 
1852,  pp.  60-83,  and  109-128. 


Digitized  by  Google 


88o         PRACTICE  OF  EXPANSIVE  WORKING  OF  STEAM. 


evaporation  takes  place.  The  author,  in  185 1,  experimentally  demonstiited 

the  existence  of  this  condensation  in  the  cylinders  of  locomotives.  Its 
reality  and  importance  are  now  thoroughly  understood  and  admitted.^  He 
deduced  from  his  experiments  that,  in  jacketless  cylinders,  imperfectly  pro- 
tected, the  quantity  of  steam  condensed  amounted  to  from  11  to  42  per 
cent,  of  the  whole  of  the  steam  admitted  to  the  cylinders,  according  to  the 
period  of  admission,  ranging  from  7  5  to  12  per  cent  of  the  stroke.' 

The  author  also  deduced  that,  on  the  contraiy,  when  the  cylinders  of 
locomotives  were  thoroughly  protected  and  heated  in  the  smoke-box,  there 
was  no  evidence  to  prove  that  initial  condensation  took  place  in  the  cylinders, 
to  any  important  extent,  within  the  limits  of  the  expansive-working  that  was 
])raciised.  By  the  aj)plication  of  a  jacket  of  steam  from  the  boiler,  to  the 
cylinder,  a  material  increase  in  the  efficiency  of  the  steam  has,  in  most  cir- 
cumstances, been  effected.  But,  it  is  incontestable  that  the  jacket,  though 
it  diminishes,  does  not  wholly  prevent  initial  condensation  <ii  the  steam 
admitted. 

By  the  compounding  of  cylinders,  steam  may  be  woiked  more  expansively, 
and  with  a  greater  degree  of  efficiency,  than  in  a  single  cylinder;  for, 

obviously,  the  fluctuations  of  temperature  which  give  nse  to  the  condensa- 
tion that  interferes  with  the  action  of  steam  worked  exjjansively,  are  divided 
and  reduced  to  one-half,  in  each  cylinder,  of  what  they  amount  to  when  the 
whole  of  the  expansive  action  is  conffned  to  one  cyhnder. 

Data  of  the  Practical  Perforhanoi  op  Steam. 

SingU- Cylinder  Condensing  Engines: — Sieam-jaeketted  and  emfered, — ^The 
following  data  are  reduced  fironn  the  recorded  performances  of  the  engines  :* — 

*  The  author  w.i'^  the  first,  so  far  as  he  is  aware,  to  discover  and  demonstrate  the  exist- 
ence of  initial  condensation  in  steam^cylindexs,  and  to  prove  that  it  increases  rapidly  and 
to  a  formidaMe  extent  as  die  vMio  off  expansion  Is  iiioreased.  See  hb  i>aper  on  *' Ex- 
pansive Working  of  Stemn  in  Locomotives,"  in  the  Procivdin^s  of  the  hisUttUton  of 
Meclumu  al  Etti^ttuers,  1852,  pa|;e  109.  Sec  also  Kaihcny  Mac/iiticry,  1S55  : — "  Wlien 
Steam  is  admitted  to  the  cylinder  while  the  latter  is  comparatively  cold,  a  very  sensible 
condensation  of  the  steam  takes  place  daring  admission,  which  continues  to  a  certain 
extent  durini;  expansion.  The  heat  thereby  scpriratcd  is  absorb^  by  the  material  of  the 
cylinder,  and  raises  its  temperature.  A  portion  of  this  heat  passes  ofli^  and  is  irrecoverably 
lost;  the  remainder  is  re>abeorbed  by  the  precipitated  steam  daring  the  expansion  of  the 
existing;  steam,  if  the  expansion  belong  enough  continued—  that  is.  until  the  temperature 
of  the  latter  has  fallen  below  that  of  the  cylinder.  Tliis  is  clearly  proved  by  indicator- 
diagrams  taken  at  very  slow  speeds,  on  which  occasions,  the  cylinder  is  cold  enough  to 
exhibit  these  operations  in  iii|^  relief.** — 

'In  condensing  engines,  the  loss  by  initial  condensation  may  be  much  greater  tlian 
40  per  cent.,  for  which  examples  will  here  be  given.  Mr.  butcliffe  has  followed  the  same 
method  of  analysis  in  stationary  engines,  and  in  the  seventh  edition  of  Ihpkmsom  on  Air 
Indicator,  published  in  1875,  he  apjwars  to  have  predsely  adopted  tlie  conclusions  and 
even  the  language  of  the  author.  "  The  initial  condensation,"  he  .says,  page  298, 
"  relatively  to  the  initial  mea.sure  of  steam  used,  and  the  pressure  of  steam  found  at  the  end 
of  the  stroke,  is  greater  as  the  cut-off  is  earlier ;  by  the  diagrams  referred  to,  and  others 
from  the  same  enj;ines  [referring  to  the  Corliss  riii^ines  at  Sait  iirr],  we  find  the  initial  OOll* 
densation,  relatively  to  the  terminal  vano-thermal  line,  to  l>e  as  lullows: — 

**  At  7.4  expansions  =27.0  per  cent. 
9-«4      »       =36.67  percent 
it.4       „      =46.67  per  cent." 

*  For  Nos.  1,  2,  3,  4,  Proceeding's  c  f  the  Institution  of  Mechanical  Enpueers^  1862,  1867, 
1868.  For  No.  5,  Report  of  the  Antencan  QmmissUm  on  the  Vienna  Exh^Umtt,  toI.  itii» 
page  23. 
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Table  No.  299. — Work  of  Expanded  Steam: — Single-Cylinder 

Condensing  Engines. 


1  Corliss,  Saltaire,  

2  Allen  Engine,  

Do  

Do  

Crossness     Pumping  I 

Engine,  ( 

Do. 
Do. 

Crossness  averages,  

East  London  Pumping 
Engines : — 

72-inch  cylinder,  

Do.   

Do.   

Do  

Da   

SO'inch  cylinder,  

90  do. 

100  do.   

Sulzer  Engine  (Corliss  ) 
gear),  ( 


Aaual 
Ratio 
of 

Expan- 
sion. 


1-93 

2.80 

^.62 
4.38 
5.10 
2.81 
3.66 
3-65 
lao 


Weu(ht  of  Steam  per 


LH. 


As  cut  off. 


lbs. 

14.51 

15-43 
17.28 

17.83 
13.12 

14.66 

14.00 
14.28 

14-27 


16.24 
14.25 

12.92 
12.25 
1 1.60 

13.95 
11.33 
14.81 


At  expanded 


lbs. 

16.03 
20.97 

19.05 

17.20 

16.73 

18.28 

15-58 

16.95 


1574 

15.22 

14.91 

13.58 

U-77 
16.93 
14.44 
14.83 


Coal 
Con. 

sumed 

lIS.p. 


lbs. 
2.5 


2.2 


Total 
InUial 

Pressure 
at 


lbs. 

34>4 

55 

51 

50 

44 

43 

50 

47 


3-3 


46 


15 

19.75 

23.25 

27.25 

30.5 
17-5 
23 
29 

50 


With  regard  to  No.  i,  the  Corliss  engine  at  Saltaire,  it  is  stated  by  Mr. 
Hopkinson  that  6.96  ll)s.  of  water  were  evaporated  per  pound  of  coal.  For 
So.  3,  with  good  boilers,  allow,  say,  8|<  lbs.  of  steam  per  pound  of  coal. 
For  Nos.  5  and  6,  the  quantities  consumed  were  obser\ed.  Then,  the 
following  are  the  actual  quantities  of  steam  consumed,  compared  with  the 
quantities  indicated : — 

Steam  Cboamned  More  than  Sensible 

perI.H.P.perHottr.  Steam  cut  off. 

I.  Saltaire,   17.4  lbs   20  per  cent 

3.  Crossness  (estimated)   18.7    „    31  n 

4.  East  London : — 

72-inch  cylinder  (ratio  3.62),        20.72  „    60 

«o        »    21.38  „    53  „ 

90  „    18  82  „    66  „ 

100  „    20.08  „    35  „ 

5.  Sulzer,   19.6    „    — 

I  Compound  Conde/tsifig  Engina^  ivith  and  without  steam-jackets. — The 
following  data  are  deduced  from  particulars  supi^Iied  by  the  constructors: — 
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Table  No.  300. — Work  of  Expanded  Steam: — Compound 

Condensing  Engines. 


Actual  Ratio 

of 

Weight  of  Steam  per 
I.H.P.atper  ladicalor. 

Coal 

Cob- 

sumed 

Total 
Initial 
Pre»- 

Expansion. 

As  cut  off. 

As  ex- 
panded. 

i.Ilp. 

suie  at 
Qiuoff. 

4a.  Day,  Smnnei^  &Co.,  Reoeiver,  ) 

J  istcyl.  1. 715 
\  ad  cjrL  2.290 

DOtb  ^.aOJ 

lbs. 
14.74 

w>i7S 

lbs. 
17.00 
11.99 

lbs. 
2. 10 

lbs. 

5rt.  John  Elder  &  Co.,  Receiver,  ) 

j  istcyl.  1.850 
)  2d  cvL  I.8c2 

ISOtn  3' 

14.45 
13.21 

14.85 
14.85 

I.6I 

56 

6.  J.  &E.Woocl,  Receiver,  Station-  } 

i  istcyl. 4.010 
\  2d  cyl,  1.857 

DOin  7*440 

10.94 
1334 

10.77 
12.03 

2.14* 

7.  Donkin,  Woolf,  Stationary,  2'1  ) 
cylinder  only  steam-jacketted,  ...  ) 

\  Istcyl.  5.269 
(  2d  cyl.  2.590 

10.09 
11.12 

19.16 

1.9 

Both  13.050 

8.   Donkin,   Woolf;  Stationaiy,  ) 
fiteAm*iftdk£ttttL   ( 

j  Istcyl.  2.486 
)  2dcvl  1  221 

Both  8.007 

13.18 
I3.«7 

17.85 

9.  Donkin,  Woolf,  Stationary,  with-  j 

j  istcyl.  3. 165 
\  2d  cyL  3.221 

Both  10.200 

IS- 59 
18.73 

19.01 

48>i 

10.  Thomson,  Woolf,  Stationary,  ) 

j  Islcyl.  2.985 
f  2dc>'l.  3.384 

10.84 
12.71 

15.27 

36M 

Both  10.100 

^  This  Quantity  is  the  result  of  an  eatnnate.  The  actual  quantity  of  coal  oonsumed  per 
indicator  bone-power  was  2.67  lbs.,  from  which  one-fifth,  estimated  as  for  general  heating 
purposes^  was  deducted,  leaving  2.14  lbs*  per  indicator  horie*power,  as  consumed  by  the 

engine. 


The  quantities  of  steam  consumed  from  the  boiler  were  observed  in  each 
trial,  except  for  the  first  three,  and  were  as  follows : — 


WoOLr  EHtHNBS. 


More  than  Sensible 
Steam  cut  ofT. 


Steam  consuoted 
per  I  .H  .P. 

7.  Donkin, 2d  cylinder,  steam-jacketted,...  20.55    103  percent,  more. 

8.  „      steam-jacketted,  22.51  „    71  „ 

9.  „       no  steam  in  jacket   32.72   „    tlO  |, 

10.  Thomson,  steam-jacketted,...:  20.93  n    93  n 


Sin^k-Cylindcr  EngineSj  steam-jacketted ^  non-condensing. — The  trials  of 
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])ortable  engines  at  Cardiff,  in  1872,*  afford  various  eouunples,  from  which 
th<j;  following  deductions  are  made : — 


Table  No.  301. — Work  of  Expanded  Stbam: — Portable 

Engines. 


II 

13 

:i 

17 


Constructors. 


Marshall,  Sons,  &  Co...... 

Davey,  Paxman,  &  Co.,.. 

Brown  &  May,  

Taskcr,  

Reading  Engine  Works, . 

Turner,  

Ashby  &  Co.,  


Actual 
Ratio  of 


4.8 
5.0 

2.4 

3.8 
2.7 


Weight  of  Steam  per 
I.I1.P.,  M  per  ladicMPr. 

Toul 

As  cut  off. 

Ai  expanded 

aufett 

Cttt^off. 



lbs. 

lbs. 

lbs. 

16.87 
14.93 

29.82 

26.45 

74  to  80 
73 

20.52 

28.87 

73 

25.32 
18.54 

20.08 

16.28 

30.27 

23.93 
22.13 

29.98 

52 
72.5 
77.2 
1  63.0 

The  quantities  of  water,  as  steam,  actually  consumed  jjer  indicator  horse- 
power, are  subjoined;  together  with  the  efTective  mean  ]»rc^lSllres  in  the 
cylinders.  And,  to  make  a  comparison  with  what  the  performance  would 
amotint  to  if  the  atmospheric  pressure  were  removed,  as  if  the  steam  were 
condensed,  one  atmosphere,  or  1 5  lbs.  per  square  inch,  is  added  to  the  effec- 
tive mean  pressure,  as  given  in  the  second  last  column,  with  the  weight  of 
steam  per  total  indicator  horse-power  accruing,  in  the  last  column: — 


Eftctive 
Mean 

Pirasnupc 

Steam 
QoQsumod 
ptr  I.H.P. 

More  than 
Scn.-viblc 
Steam 
cut  oft 

Effective 

Mean 
Pressure 
ptatislbs. 

Steam  Con- 
sumcU  per 
Total  I.H.P. 

Ibi. 

lbs. 

per  cent. 

lbs. 

lbs. 

If 

31-25 

25.9 

54 

46.25 

17,4 

12 

33.9 

29.6 

99 

48.9 

20.7 

13 

29.2 

31-8 

55 

44-2 

21.2 

14 

29.7 

37.9 

50 

44-7 

25.2 

u 

37.0 

24.1 

30 

52.0 

17.2 

36.24 

37.6 

37 

51.2 

19.3 

17 

204 

43.* 

165 

35*4 

24.7 

Single- Cyl in Jer  Engines^  completely  an'ered  and  heated;  non-cottdifising. — 
Average  results  of  the  trials  of  the  "  Great  Britain  "  locomotive  made  in 
1850,  analyzed  by  the  author  in  1852,  and  published  in  1856,^  are  given  in 
^  the  following  table,  No.  302.    The  cylinders  are  "  inside,  '  being  placed 

I 

I     1  Thf  Trials  of  Portable  Sl,-am-en  rittfs  at  Cardiff.    Report  by  the  Judi^es,  1 872. 
'    ^Railway  Miuhmery,  1856,  page  80.    .See  also  a  paper  "On  the  Behaviour  of  Steam 
i  in  the  CyUnders  of  Locomotives  duting  Kxpamion,  by  D.  K.  Claik,  in  the  Mimaa 
ProcmUngs  oftki  IiutUuiwn  0/  Cwii  Ettgitutrs^  vol.  Ixxii.  1882-83;  P*8«  ^75* 
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wililin  the  smoke-box,  and  totally  sunottnded  by  the  atmospheie  of  hot 
burnt  gases.    The  cylinders  are  i8  inches  in  dSameter,  with  a  stroke  of 

34  inches;  and  8  feet  driving  wheels.  The  ratios  of  expansion  are  here 
reckoned  in  terms  of  the  whole  of  the  stroke,  though  they  were  not  so 
reckoned  in  the  original  investigation. 

Table  No.  302. — Work  of  Expanded  Steam — "  Great  Britain  " 

Locomotive. 


Notch. 

Cut-off. 

Actual  Ratio 
of  KxpMMton. 

Weight  of 
Steam  per 
Indicator 
Uone-powcr, 
as  per  Indi- 
cator. 

Total  Initial 
Pressure  per 
Square  lacb  at 
Cut-off. 

No. 

per  cent 

ntia 

Iba. 

Ihs. 

ISt 

3d 
5th 

67 

50 

29 

145 

1.90 
2.94 

28.97 
24.52 

19.74 

79-4 
72.6 
67.4 

The  general  effect  of  the  observations  was  that  there  was  no  material 
degree  of  initial  condensation  of  the  steam  in  the  cylinders  of  (he  "  Great 
Britain  "  confirmatory  of  the  results  of  the  author's  experiments  with  the 
well-protected  and  heated  inside  cylinders  of  locomotives  on  the  Edinbuigh 

and  Glasgow  Railway.^  Here  follows  a  statement  of  steam  ronsumed  per 
indicator  horse  power,  taking  the  initial  quantities  cut  off  for  the  quantities 
actually  consumed ;  showing  the  relative  quantities  that  would  have  been 
due  if  the  atmospheric  pressure  had  been  removed,  as  in  a  condensing 
engine: — 


Notch. 

K  fleet  ivc 
Mean  FrcsRure 
per  S^oare 

Steam 

Consumed 
per  l.H.P. 

Effective 
Mean  Pressure 
plus  15  lb*,  per 
Squaic  loch. 

Steam 
Consumed  per 
Total  l.H.P. 

lbs. 

Am. 

Iba. 

Ibt. 

ISt 

68.1 

28.97 

83.1 

23.7 

3d 

53-5 

24,52 

68,5 

19.2 

Sth 

3„\  I 

"^74 

47-1 

i.v5 

American  Marine  Engines} — Mr.  Emery  tested  the  condensing  engines 
of  the  U.S.  Steamers  Bache  and  Rush^  having  compound  cylinders  fully 
steam-jacketted  and  lagged,  and  the  DexUr  and  Dallas^  having  single 
cylinders  felted  and  lagged  only.  The  Bache  was  tried  in  four  ways: — with 
and  without  steam  in  the  jackets,  using  both  cylinders,  and  using  only  the 
second  cylinder.  The  following  are  the  best  results  of  performance  for 
each  series  of  trials: — 

*  Raihi'ay  Machintry^  page  82,  &c. ;  and  tlic  table  in  tlic  snme  book,  page  151. 

'  Journal  of  the  Franklin  Instituie,  February  and  March,  1S75.  See  also  notices  of  the 
trials  in  the  Proceedings  0/ the ImUtutiaM  of  Ciinl  EngituerSy  vol.  xl.  page  292,  and  v<4.  sdi. 
page  296. 
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Table  Na  303. — Work  op  Expanded  Steam: — ^American 

M A RIN  E  EnGI N ES — Co N 1 )  F  N  S I N  ( ; . 


Stbamsr. 


24 


Bache  (Woolf). 

Without  steam  in  jackets : — 

First  cylinder,  

Both  cylinders  

First  cylinder,  

Both  cylinders,  

First  cylinder,  

Both  c\linders,  

With  steam  in  jackets ; — 

First  cylinder,  

Both  cylinders,.  

First  cylinder,  

Both  cylinders,  

First  cylinder,  «..„... 

Both  cylinders,.  

First  cylinder,  

Both  cylinders,  

First  cylinder,  

Both  cylinders,.  

First  cylinder,  

Both  cylinders,  

First  cyhnder,  

Both  cylinders,  

Without  steam  in  jadcet : — 

Second  cylinder  only......... 

Do.  do*   

Do.  do.  

With  steam  in  jacket : — 

Second  cylinder  only,.  

Do.  do  

Do.  do.   

Do.  do  

Rush  'Receiver). 

Steam-jacketted : — 

First  cylinder,  

Both  cylinders,  

First  cylinder,  

Both  cylinders,  

Dexter  (single  cylinder). 

Felted  and  lagged,  

Do.  do  

Do.  do  

Dallas  fsin^^le  cylinder). 

Felted  and  lagged,  

Da  da   

Do.  do  


Actual 

Ratio  of 
£xp.an- 
Mon. 


375 
9.15 

273  \ 
6.66  i 

2.31  ) 
5.63) 

6.91  ) 
16.85  \ 

377  ! 
9.19 
2.86 
6.98 

2.35 
573 
2.34 

571 

2.09  \ 

5.10  S 

174  \ 
4.24  J 

11.82 
7.62 
S.32 

12.62 

8.57 
5.11 
2.18 


2.46) 
6.22  ( 
1.60  } 

4.03  J 


4.46 

3-49 
3.08 


5.07 

3.13 
2.32 


Indicator 

powcr. 

Weight  of  Stc.iiii 
per  I.U.P.perHour. 

Total 
intuu 

IndicAtor. 

Kirst 
Cyiindcr. 

Actually 

C-  on  - 
sumcd. 

bi]uare 
Inch. 

Ibi. 

Iba. 

Ibi. 

55.93 

15.41 

23,76 

about 
90 

77.06 

15.67 

23-04 

90 

46.40 

^5.37 

23.21  1 

90 

46.40 

'  14.55 

25.11 

7745 

T  A  Jf\ 

1^  iU 

ZU«/  1 

00 

99.18 

14.97 

2a33 

90 

I  10.50 

15.85 

20.37 

90 

104.03 

15.8s 

21.97 

90 

102.26 

14.85 

22.38 

1  ^ 

134*53 

17.27 

21.17 

47.24 

7175 1 
89.14 

21.03 

17  76 
1735 

35.08 

2Q  6'> 

26.25 

90 

90 

1  ^ 

54.84 

74.62 

I  1 A  0  f 

66.74 

16.42 

15-58 
16.25 

24.05 

27.11 

24.09 

23-15 
34.03 

90 
90 

90 

1 

82.3 

266.5 

I7.I 

18.4 

168.7 

197 

22.1 

50.2 

185.9 
292.4 
196.2 

16.2 
16.3 
20.3 

239 
23.9 
31.8 

804 
j  53.6 

138.0 
221.4  1 
234.3 

19.2 

2a  I 
22.8 

26.7 
26.9 
31.0 

47 
1  394 

Digitized  by  Google 


886 


PRACTICE  OF  EXPANSIVE  WORKING  OF  STEAM. 


French  Stationary  Eni^incs} — M.  Hallauer  reports  the  results  of  experi- 
ments on  a  24-inch  single-cylinder  engine,  worked  by  steam  superheated 
150  degrees,  and  lagged  and  felted — ^yielding  135  indicator  horse-power; 
and  his  own  experiments  on  a  Woolf  engine,  with  steam-jacketted  cylin- 
ders:— 

French  Stationary  Engines — Condensing. 


Actual 
Ratio  of 
Expannon. 

Stesm 

Consumed 
per  l.H.P 
per  Hour. 

Total 

Initial  Pres- 
sure in 
Cylinder. 

35 

26 

Him  (superheated  steam  in  ) 

single  cylinder)  \ 

Leloutre  ^  Woolf    engine,  \ 

4 
13 

lbs. 
24.83 

Iba. 
60 

General  Deductions  from  the  Data  op  the  Actual 

Performance  of  Steam. 

Single  Cylinders^  with  steam-jackets ;  condensing. — The  analysis  of  diagrams 
from  the  Allen  engine.  Xo.  2,  page  881,  indioites  that  the  expansion-ratio 
6.62  was  better  than  the  ratios  4.08  and  3.31.  Mr.  C.  1\  Porter  maintains 
that  the  ratio  8  is  l)est  for  the  Allen  engine.  For  the  Crossness  engines, 
No.  3,  the  ratio  6  appears  to  be  the  best;  though  perhaps  the  Corliss,  No.  i, 
with  the  ratio  5.2,  is  fully  as  good  as  the  Crossness.  The  Sulzer  (Corliss 
gear),  No.  5,  with  the  ratio  10,  is  not  so  efficient  as  these  others.  Of  the 
East  London  engines,  No.  4,  the  72-inch  engine  appears  to  have  greater 
eiiiciency  when  expanding  5.10  times  than  for  less  ratios,  and  of  the  expan- 
sion-ratios for  the  four  observed  consumptions  of  water  per  indicator  horse- 
power, the  highest  ratio,  3.66,  gives  the  greatest  etticiency.  Again,  the 
Bache  marine  engine,  No.  21,  i)age  885,  yielded  the  highest  observed 
efficiency  with  a  ratio  5. 11,  but,  by  plotting,  it  is  easily  shown  that  the 
efficiency  is  practically  the  same  for  a  ratio  of  6. 

Non-Condenstt^, — ^The  portable  ei^gines,  page  8S3,  supply  examples: — 

For  initial  pressures  between  70  lbs,  and  80  3s,,  omitting  No,  13  as  unequal. 


No. 

Expansion- 
ratio. 

W,-»tcr  per 
Normal  l.H.P. 
per  Hour. 

Water  per 
Toiat  I  H  P., 
if  Atmu^phere 
wee  removed. 

Iba. 

tbx. 

Ibi. 

16 

77.2 

2.7 

27.6 

"9^3 

15 

72.5 

3.8 

24.1 

17.2 

1 1 

74  to  80 

4.8 

25.9 

17.4 

12 

73 

5.0 

29.6 

20.7 

For  lower  initial  pressures. 

14 

2.4 

37.9 

25.2 

17 

I3 

SO 

43.3 

24.7 

^  "Recherch«s  ExpMmentales  Sur  les  >Tnchines  k  Vnpeur."  By  MM.  Halhiuer  and 
DweUhaaver-D^;  BultdtH  dt  la  SodHi  JndusiruUe    Mulhmue^  1877,  page  190. 
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It  is  seen  that  the  highest  efficiency  is  attained  with  an  expansion-iatio  of 
3.8,  whether  against  or  without  atmospheric  resistance. 

Single  Cylinders  without  sieam-jackcts :  condensing. — The  most  favouxable 
results  of  Nos.  20,  23,  24,  and  25,  are  here  abstracted: — 


No.  Ejci»iiuoii.ratio.  ^  LRP.°JS^«ir. 

20   5.32   26.25  Ihs. 

23   446    23.9 

»    3.49    23.9 

24   5.07   36.7 

n    313    26.9 

35   4.13   18.62— Steam  is  superheated. 


It  appears  that,  using  ordinary  steam,  expansion-ratios  within  the  limits 
of  35^  and  are  practically  of  equal  efficiency,  and  that  they  give  the 
highest  efficiency.  The  same  ratios  j^robably  ajtj^Iy  to  the  use  of  super- 
heated steam,  of  which  there  is  only  one  result.  No.  25. 

Non-Condensing. — The  results  from  the  cylinder  of  the  "Great  Britain'' 
locomotive,  page  884,  show  that  the  highest  ratio  of  expansion  that  was 
tried,  namely  3.94,  gave  the  highest  efficiency.  A  greater  ratio  of  expansion 
would  probably  have  given  a  still  greater  efficiency. 

Compound  Cylinders  with  steam-jcukets ;  condensitig. — Receiver-eftgines. — 
Comparing  the  marine  engines,  Nos.  and  5«,  it  appears  that  the  ratio  of 
expansion,  3.426,  gave  more  efficiency  than  3.807.  But  in  the  Bache  and 
the  Rush,  Nos.  19  and  22,  it  api)ears  that  a  ratio  of  from  6  to  7  was 
most  efficient.  With  Nos.  4a  and  5^7,  the  total  initial  pressure  was  49^  lbs. 
and  56  lb&  absolute  per  square  inch;  but  in  Nos.  19  and  22,  it  was  90  lbs. 
and  83  lbs. 

Wool/  Engines —The  ratio  13.65  for  No.  7  was  better  than  the  ratio 
8.007  ^01^       ^1  requiring  20.55  sa.^i  lbs.  of  water  per  indicator 

horse-power  respectively.    No.  10,  with  a  ratio  10.  i,  required  20.93 
water;  whilst  No.  26,  with  a  ratio  of  12,  recjuired  24.83  lbs.    The  most 
efficient  ratio  of  expansion  is  most  probably  about  10. 

Troportional  Ratios  of  Expansion  in  the  first  and  second  cylinders — Receiver- 
engines. — Comparing  Nos.  4^7,  5<z,  and  22,  the  best  action  is  seen  to  be 
obtained  with  equal  ranges  of  expansion;  for  Na  5  a  is  better  than 
No.  4«,  and  Na  33,  in  which  the  ratios  are  equal,  being  each  3)^,  is  ' 
the  best. 

Woaff  Engines, — Nos.  7,  8,  and  10  form  a  curious  series: — 


Expwuion-nuioL         Total  Expansion'  Steam 
ia  F^itCylttider.  ntm]  porLILP. 

8  3486*.  8.007  33.51  lbs.  or  71  per  cent  more 

than  per  diagram. 

10  2.985   10.100  20.93  „  or  93  „ 

7  5-269   13-650  20.55  w  or  m  n 


It  appears  that,  as  the  initial  proportion  of  steam  condensed  in  the 
first  cylinder  increases, — as  shown  by  the  percentages  in  the  last  column, — 
the  efficiency  increases.  The  best  performances  of  the  Bachty  No.  19,  are 
made  with  a  total  expansion  of  from  6  to  9,  having  from  3^  to  3)^  expan- 
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aion-iatio6  in  the  first  cylindeis,  and  a  >^  in  the  second.  No.  a6,  with  a  total 
expansion-iatio  12,  consumed  24.83  lbs.  of  steam  per  indicator  hoise-power 

per  hour;  and  the  Bac/t€,  No.  19,  for  an  eaqiansion-ratio  of  16.85,  consumed 
25.1 1  lbs., — the  highest  rate  of  consumption  recorded  for  Woolf  engines. 

Comf^ound  Em^ifus  u^ithout  steam  in  jackets;  coridmsing.  —  The  only 
example  of  rcceuer-cngine  is  No.  6,  which  is  not  provided  with  steam- 
jackets.  Nos.  9  and  18  are  examples  of  Woolf  engines.  The  results  are 
here  brought  together: — 


Na 


6.  Receiver. 


9.  Woolf. 


18.  „ 


n 


Total  Initial 
Ptvssureper 
Square  Inch. 


90 


90 


90 


Actual  Ratios 
of 


4.010 
1.857 

7.446 

3.221 
10.200 


Steam  Con- 
sumed per 
I.  H  P.  per 
Hour. 


32.72 


23.76 


23.04 


23.21 


Ctial  per 
LH.P.  per 
Hour. 


3.14  lbs. 

(estimated, 
see  note 
to  table. 

page  882;. 


In  the  Woolf  engines,  it  appears  fix)m  the  results,  that  the  highest  effi- 
ciency is  obtained  by  an  expansion-ratio  of  about  3  in  the  first  cylinder,  with 
a  total  ratio  of  7.  In  the  receiver-engine  No.  6.  the  ratio  in  the  first 
cylinder  was  carried  to  4,  with  a  total  ratio  of  7^2,  with  an  apparently 
excellent  result 


Conclusions  on  the  Actual  Performance  of  Steam. 

For  the  development  of  the  iiighest  efficiencies  of  steam,  as  used  in  the 
Steam-engine,  the  steam-jacket  or  other  means  for  protecting  the  steam 
from  the  cooling  and  condensing  action  of  the  cylinder,  must  be  emplo}  ed. 
The  superheating  of  steam  prior  to  its  introduction  into  the  cylinder  is 
probably  the  most  efficient  means  that  may  be  employed  for  this  pur- 
pose. The  api^lication,  to  the  cylinder,  of  hot  gases — hotter  than  the 
steam — is  probably  the  next  best  means;  and  next  comes  the  steam- 
jacket 
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The  importance  of  sustaining  the  temperature  of  steam  expanded  in  a 
cylinder,— preventing  its  falling  low  and  leading  to  the  cooling  of  the 
cylinder, — is  strikingly  proved  by  the  foregoing  hypothedcai  calculations 
of  the  consumptioa  cxf  steam  per  indicator  horse-power  in  non-oondensii^ 
cylindeiSy  on  the  assumption  that  the  resistance  of  the  atmosphere  is  removed, 
— ^likening  the  conditions  to  those  of  condensing  engines.  In  the  cases  of 
the  portable  engines  and  the  locomotive,  the  consumptions,  on  this  supposi- 
tion, amounted  only  to  17.2  lbs.  per  indicator  horse  power  per  hour,  for 
the  portable  engine  (No.  15),  with  an  expansion-ratio  of  3.8  ;  and  to  14.8  lbs. 
for  the  locomotive  (No.  18),  with  an  expansion-ratio  of  2.94.  These  results 
are  below  anythmg  that  has  been  recorded  of  single-cylinder  condensing 
engines  for  the  same  ratios  of  expansion;  and  their  superiority  is  due 
doubtless  to  the  fact  that  the  temperature  of  non^ndensing  cylinders 
never  fidls  below  sia^ 

It  is  dedudble  fix>m  tlie  results,  that  the  compound  steam-engine  is  more 
efficient  than  the  single-cyhnder  engine,  and  that,  of  the  two  kinds  of 
compound  engines,  the  receiver-engine  is  more  efficient  than  the  Woolf 
engine.  The  reasons  for  the  su{)eriority  of  the  receiver  engine  have  been 
partly  pointed  out  in  the  comparative  analysis,  page  867.  'I'here  is  another 
reason  in  the  fact  that  whilst  the  temperature  of  the  first  cylinder  of  the 
receiver-engine  never  (alls  below,  nor  even  down  to,  that  of  the  receiver, 
which  stands  at  a  constant  pressure  and  temperature;  in  the  Woolf  engine, 
on  the  contrary,  the  average  temperature  in  the  first  cylinder  must  be  that  of 
the  steam  expanding  into  the  second  cylinder,  which  falls  continuously  with 
the  expansion. 

The  most  efficient  ratios  of  expansion,  together  with  the  quantities  of 
steam,  or  water,  from  the  boiler,  consumed  i)er  indicator  horse- j)uwer  i)er 
hour, — deduced  from  the  foregoing  analyses, — are  placed  for  comparison  in 
the  table  No.  304. 

It  is  scarcely  necessary  to  observe,  that  the  evidence  of  the  initial 
condensation  of  steam  daring  the  period  of  its  admission  into  the  cylinder, 
is  of  great  importance,  and  tfiat,  clearly,  there  is  a  wide  margin  for  economy 
in  the  employment  of  steam  for  the  production  of  power.  Mr.  Bramwell, 
in  an  excellent  and  interesting  paper  on  marine  engines,  in  1872,^  showed 
that  the  average  consumption  of  coal  per  indicator  horse-power  per  hour, 
by  steam-ships  with  coinpniuKl  engines  in  long  sea  voyages,  varied  from 
2.8  lbs.  to  1.7  lb.  m  nineteen  steamers,  for  which  the  average  consumption 
amounted  to  a.  11  lbs.  The  foregoing  deductions  are  consistent  with,  and 
are  corroborated  by,  these  facts. 

In  the  same  paper,'  Mr.  Bramwell  states  that  in  H.M.S.  Britm^  fitted  with 
compound  engines  on  the  system  of  Mr.  £.  A.  Cowper,  the  steam  was 
heated  within  a  steam-jacket,  on  its  passage  from  the  first  to  the  second 
cylinder,  and  that  the  consumjition  of  coal,  at  nearly  maximum  power,  was 
1.98  lbs.  per  indicator  horsepower  ])er  hour,  and  that,  at  a  third  of  the 
power,  the  consumption  of  coal  was  as  low  as  1.30  lbs.  This  evidence  is 
confirmatory  of  the  conclusion  that  the  work  of  steam  is  most  efficiently 
developed  when  it  is  previously  sui)erheated. 

'  "On  tlic  Procuress  effected  in  the  Keonomy  of  Fuel  in  Steam  Navigation,  considered 
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From  the  foregoing  and  other  evidence  discuased  in  the  author's  work 
on  the  Stmrn'-^^int,  the  following  summary  table  has  been  prepared, 
showing  the  most  economical  results  of  performance  of  single-cylinder  and 

compound-cylinder  steam-engines  under  various  conditions.  These  results 
are  not  put  forward  as  final  ;  but  simply  to  indicate  the  directions  in  which 
the  best  action  of  the  steam-engine  may  be  obtained. 

Table  No.  304. — Practical  Performance  or  Steam  •Engines:— The 
MOST  EmaBNT  Ratios  of  Expansion,  and  the  Quantities  of 
Water  Consumed  from  the  Boiler  per  Indicator  Horss-Power. 


Dncmimoic  or  CvuNons. 


Single  cylinder,  with  steam>jacket,  condensing :— 
Tl,«»«ghJy  rteam-jwketted  j  ^^C^  ^stroke:::: 

side-jackcued   1  .^llf,  tT^V": 

Single  cylinder,  with  steani-j.icket,  non-condensing, 
Single  cylinder,  without  jacket,  condensing : — 

Long  stroke  

'  Short  stroke.... 

I  Single  cylinder,  without  jacket,  condensing,  steam  ) 

superheated   ) 

Single  cylinder,  without  jacket,  non-condensing,  \ 

cylinder  well  protected  ) 

Compound  cylinder,  steam-jackctted,  condensing:— 

Receiver  

Woolf.  


Compound  cylinder,  no  jackets,  condensing : — 

Receiver  

Woolf  


Moflt  Efficient 

Ratio  of 
Kxpan&ion. 

^1      m  car 

Water  irom  the 
Builcr,  con- 
sunicd  per 
I.H.P.  per 
Hour. 

initial  volume 

SI. 

pottBda. 

4 
6 

3.2 

S 
4 

21 

2a6 
21.7 

• 

4.5 
4.25 

20 

25 

4 

4 

10 
12 

15  to  16 
14  to  iS 

9^ 

23 
21 

FRicnoNAL  Resistanqb  of  Steam  Engines. 

See  page  951. 
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DISCHARGE  OF  GASES  THROUGH  ORIFICES 

Air. 

Gases  and  vapours  act  like  liquids  in  flowing  through  orifices  and  tubes, 
in  virtue  of  the  difference  of  the  inside  and  outside  pressures;  and  the 
velocity  of  flow  is  regulated  with  respect  to  the  fundamental  formula  for 
gravity,  page  279, 

«f  =  8>v///    (i) 

For  liquids,  the  height  through  which  the  water  falN,  to  the  orifice  of  flow, 
can  be  ascertained  by  direct  measurement;  whilst,  for  gases,  it  is  necessar)' 
to  find  the  height  for  calculation,  thus: — The  head  due  to  the  ditterence  of 
pressures  per  square  inch  of  the  gas  or  vapour,  is  equal  to  the  height  of  a 
column  of  the  gas  inside,  i  inch  square,  of  which  the  weight  is  equal  to  the 
difiefence  of  pressure;  and  if  this  net  pressure  per  square  inch  be  divided 
by  the  weight  of  a  prism  of  the  gas,  i  inch  square  and  i  foot  high,  the 
quotient  is  the  height  in  feet,  of  the  equivalent  column  of  gas,  from  which 
the  velocity  of  flow  is  to  be  calculated. 

Flow  of  Air  throuf^  an  orifice  due  to  small  differences  of  pressure. 

The  velocities  of  flow  due  to  small  differences  of  pressure  measured  by  a 
water-^auge,  are  given  by  the  expression, — 

V=y?^x  773.-(-',^^)x^  

in  which  V  =  the  velocity  in  feet  per  second,  2^^64.4,  /t  the  height  of 
die  ccdumn  of  water,  in  inches,  measurii^  the  difference  of  pressure,  /stfae 
temperature,  and  /«>the  barometric  pressure  iii  inches  of  mercury.  The 
quantity  773.2  is  the  volume  of  air  at  53%  and  under  a  pressure  of  29x^3 
inches,  when  that  of  an  equal  weight  of  water  at  33^  F.  is  taken  as  i.  Tne 
expfession  may  be  reduced  to  the  simpler  form — 

Veheity  of  Flow  of  Air  through  an  orifia, 

for  small  differences  of  pressure. 

V  =  3S2\/  (i+.oo303(/-32))x4   (3) 

/ 

For  the  temperature     63^  F.,  the  formula  becomes,  by  substitution, 

V=363-v/|   (4) 
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For  the  temperature  F.,  and  the  pressure  /  =  29.92  inches  of  mer- 
cury— ^Uie  most  usual  values — the  fonnula  becomes, 


V  =  66.35VA    (5) 

These  values  must  be  multiplied  by  the  coefficients  pertaining  to  differ- 
ently formed  orifices,  which  are  given  by  VVeisbach,  as  follows : — 

OunCB.  COEFPICIKHT  OF  JLtTIMX. 

Conoidal  mouth-piece,  of  the  form  of  the  contracted  vein, ) 

with  effective  pressuir  of  from  .23  to  I.l  atmospheres,  j  '^^ 

Circular  oriticcs  in  thin  plates,   .56  to  .79 

Short  cylindrical  mouth-pieceS|   .81  to  .84 

The  same,  rounded  at  the  inner  end,  »   .92  to  .93 

Conical  converging  mouth-pieces,   .90  to  .99 


Anemometer. 

When  a  current  of  air  Hows  through  a  tube,  which  is  restricted,  or 
reduced  to  a  smaller  diameter  at  some  portion  of  its  kngtli,  the  velocity 
of  the  current  is  accelerated  in  passing  into  the  restricted  portion,  and  is 
retarded  in  passing  out  of  it  into  the  tube  of  normal  diameter;  and,  if  the 
restriction  be  so  formed  as  toaccekrate  and  retard  the  current  without  shock, 
there  is  no  loss  of  head  in  the  operation.  M.  Arson  ^  employs  this  principle 
in  his  anemometer;  but  he  modifies  tlie  fonn  of  the  restriction,  in  so  far  that 
whilst  the  approach  to  the  restriction  is  gradually  contracted,  the  exit  from 
it  is  square,  so  that  the  current  passes  abruj)tly  from  the  orifice  into  the 
tube  of  full  bore.  The  pressure,  or  rather  tlie  degree  of  "  vacuum  "  at  the 
exit,  is  measured  by  a  water-gauge  attached  at  the  entering  angle  or  comer; 
and  the  difference  of  the  heists  (A^-A)  due  respectively  to  the  external  or 
barometrical  pressure,  and  me  internal  pressure,  is  eqpai  to  the  difference 

 ^1  due  to  the  normal  and  the  maximum  velocities; 

that  18^ 

2g  2g 

M.  Arson  so  adjusts,  by  preference,  the  sectional  area  of  the  restriction, 
that  —  =  2     ;  whence  Ae  difference  (A.- A),  becomes  equal  to  3l.  The 

dift'erence  is  measured  directly  by  the  water-gauge;  and  thus,  by 

simple  computation,  the  normal  velocity,  that  is,  the  velocity  of  tlie  wind 
blowing  through  the  tube  when  fairly  directed  towards  it,  may  be  determined. 

That  the  quantity  — -  may  be  equal  to  2  — ^ ,  the  sectional  areas  of  the  tube 

^g  2^ 

and  the  restriction  must  be  as  i  to     2,  or  i  to  1.4 14.    F^xmi  direct 

observation,  it  appears  that  the  results  obtained  by  the  formula,  say 

formula  (  2  ),  page  891,  are  to  be  reduced  by  the  coefficient  0.94,  to  give 

the  actual  velocities. 

'  Conipu  Rendu  de  la  SocuU  da  Inghtimrs  CivilSf  1876,  page  505. 
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Outflow  of  Steam  through  an  Orifice.' 

The  flow  of  steam  of  a  greater  pressure  into  an  atmosphere  of  a  less 
pressure,  increases  as  the  difference  of  pressnre  is  increased,  until  the  out- 
side pressure  is  reduced  to  58  per  cent  of  the  absolute  pressure  in  the 
boiler.   The  flow  of  steam  is  neidier  increased  nor  diminished  by  reducing 

Ae  outside  pressure  below  58  per  cent  of  the  inside  pressure,  even  to  the 
extent  of  a  perfect  vacuum.  In  flowing  through  a  nozzle  of  the  best  fonn, 
the  steam  expands  to  the  outside  pressure,  and  to  the  volume  due  to  this 
pressure,  so  long  as  it  is  not  less  than  58  per  cent  of  the  uiside  pressure. 
For  an  outside  pressure  of  58  per  cent,  and  for  lower  pressures,  the  ratio 
of  expansion  is  i  to  1.624.  The  following  table  is  selected  from  Mr. 
Brownlee's  data  in  the  '*  Report  on  Safety  Valves,"  to  exemplify  the  vary- 
ing discharges  under  a  constant  initia]  pressure  in  the  boiler,  into  various 
outside  pressures.  The  formulas  by  means  of  which  die  results  of 
the  table  were  calculated  are  given  by  Mr.  Brownlee  at  page  30  of  the 
"  Report" 

Table  No.  305. — Outflow  of  Steam  : — From  a  given  Absolute 
Initial  Pressure  into  Various  Lower  Pressures. 


Initial  Pressure  in  Boiler,  75  lbs.  per  squaie  inch. 


f'rcssure  in 
Boiler,  per 
Square 
Indi. 

1 

Outside 
Pressure,  per 
Square  Inch. 

1 

Ratio  of 
ExDansion 

in  Nonle.  i 

1 

 .  

Velocity  of 
Efflux  at  Con- 
^  stant  Denaity. 

Actual  velocity 
of  Efflux, 
Ejqwndea. 

1 

WcikIu  dis- 
cliaiKcd  per 
S(|uare  Inch 
of  Oriliceper 
Minute. 

lbs. 

lbs. 

ratio. 

feet  per  second. 

feet  per  second. 

pounds. 

75 

74 

I.OI2 

227.5 

230 

16.68 

75 

72 

1.037 

386.7 

401 

28.35 

75 

70 

1.063 

i  490 

521 

35-93 

75 

65 

1. 136 

660 

749 

48.38 

75 

61.62 

1. 198 

736 

876 

53-97 

75 

60 

1.219 

765 

933 

56.12 

75 

50 

1-434 

i  873 

1252 

64 

75 

1.575 

1  890 

1401 

65.24 

75 

}    43-46  ( 

)  (58  p.  cent.  j  r 

1.624 

i  890.6 

1446.5 

65.3 

75 

15 

1.624 

1  890.6 

1446.5 

65.3 

75 

0 

1.624 

89a6 

1446.5 

65.3 

\\Tien,  on  the  contrary,  steam  of  varying  initial  pressures  is  discharged 
into  the .  atmosphere, — ^pressures  of  which  the  atmospheric  pressure  is  not 

^  See  on  the  >;u1>iect  of  the  efflu.\  of  steam,  Mr.  Wm.  Froude's  paper  on  the  "Dis- 
charge of  Elastic  Fluid-s  untler  rressure,"  in  the  /'rthCt-./itti^s  of  (he  Institutioti  of  Chil 
En^Tuers,  vol.  vi.,  1847,  page  356;  also,  Mr.  R,  I).  Napier  . s  account  of  his  experi- 
ments, 1866;  Dr.  Rankine,  in  The  Knginm-^  November  and  December,  1869;  and  the 
"Report  on  Safety- Valves,"  in  the  Transiutiotis  of  the  Institution  of  Engineers  and  Ship- 
Buiidos  m  Scotland^  vol.  xviii.,  1874-75,  page  I3»  from  the  la.st  of  which  the  particulars 
given  in  the  text  are  derivetl;  also  Eli  W.  Blake,  in  The  Em^ineer^  December,  1869, 
page  418;  Wilson  on  Elastic  Fluidi^  in  Enghuerimg^  voL  xiii,  page  35,  &c,  1872. 
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more  than  58  per  cent, — the  velocity  of  efflux,  at  constant  density,  that  is, 
supposing  tihe  mitial  density  to  be  maintained,  is  given  by  the  foimula, — 

«'  =  3.5953    (6) 

z/=  the  velocitv  of  outtlow  in  feet  per  minute,  as  for  steam  of  the  initial  density. 
j|»the  hd^t  m  feet  of  a  colunm  of  steam  of  the  given  absolute  initial  pressure, 

<k  unifonn  density,  the  weight  of  which  is  equal  to  the  pressure  on  the 

unit  of  base. 

The  lowest  initial  pressure  to  which  the  formula  applies,  when  the 
Steam  is  disdiaiged  into  the  atmosphere  at  14.7  lbs.  per  square  inch,  is 

(14.7  xi^  =  )  35.37  lbs.  per  square  inch.   A  number  of  examples  of  the 

application  of  the  fonnula  are  given  in  table  No.  306,  for  initial  absolute 
pressures  of  from  25.37  lbs.  to  100  lbs.  per  square  inch. 

The  truth  of  the  formulas  is  confirmed  with  a  surprising  degree  of  exact' 
ness  by  the  experiments  of  Mr.  Browniee. 


Table  Na  306. — ^Vblocity  of  Efflux  of  Steam  into  the  Atmosphere. 


1 

Absolute 

Initial 
Pressure 
per  Square 
Indi. 

Oatnde 

Pressure 
per  Square 
1  Indi. 

Ratio  of 
Expansion 
in  Noule. 

Velocity  of 
HfHux,  as  at 
Comtant 
Dcmity. 

Actual 
Velocity  of 

EIRux, 
Expandad. 

Weight  of 
Steam  dis- 
charged per 
Minute,  per 
Square  lodi. 

lbs. 

lbs. 

ratio. 

feet  per  second. 

feet  per  second. 

pounds. 

25.37 

14^7 

1.624 

863 

1401 

22.81 

30 

14.7 

1.624 

867 

1408 

36.84 

40 

14.7 

1.624 

874 

1419 

35.18 

45 

14.7 

1.624 

877 

1424 

3978 

1^ 

14.7 

1.624 

880 

1429 

44.06 

60 

14.7 

1.624 

885 

1437 

52.59 

70 

14.7 

1.624 

889 

1444 

61.07 

75 

14.7 

1.624 

891 

1447 

65.30 

90 

14.7 

1.624 

895 

77-94 

100 

14.7 

1.624 

898 

H5y  1 

86.34 

Flow  of  Aik  through  Pipes  and  other  Conduits. 

Mr.  Hawksley^  states,  ns  the  result  of  varied  experience,  that  the  formula 
put  forward  by  him  for  the  flow  of  water  in  pipes,  given  at  page  933,  may 
be  employed  also  for  the  flow  of  air  in  pipes.    It  is, 

»=48  y/^i   (7) 

in  which  v  is  the  velocity  in  feet  per  second,  //  is  the  head  in  feet  of  air, 
^  is  the  diameter  in  feet,  and  /  is  the  length  in  feet.  But,  it  is  convenient 
to  express  the  head  in  inches  of  water.    Taking  the  density  of  water  as 

*  Procetdin^s  of  the  Inslituticn  of  Civil  Engineers^  vol.  xxxiii.,  page  55. 
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815  times  that  of  air,  the  multiplier  =  )  68  is  to  be  placed  under  the 
sign,  when  r  =  48  ^ and  by  reduction, — 

/3Sw  o/Atr  through  pipes. 


^    (8) 


V  =  velocity,  in  feet  per  second. 

A  =  the  head,  in  inches  of  water. 

</  =  the  diameter  in  feet. 

/  -  the  length  in  feet 

c^tbt  penmeter  in  feet 

a  =  the  sectional  area  in  square  feet. 

Q^v^a-  the  quantity  of  air  discharged,  in  cubic  feet  per  second. 
H-the  horse-power  required. 

For  passages  or  conduits  of  irregular  forms,  as  shafts  and  air-ways  in 
mines  and  tunnels,  the  perimeter  and  the  sectional  area  become  (actors  in 
the  formula:' — 

of  Air  through  passages  of  any  form  of  section* 


1^=796   (10) 

>i=^i^  (11) 

633,000  a 

The  quantity  of  air  discharged  is  expressed  by  the  product  of  the  velocity 
in  formulas  (  8 )  and  ( 10 ),  and  the  sectional  area,  or  by  (v^a)\  m^ence, 
by  reduction. 

Quantity  of  Air  discharged 

fhd^ 

fix>mapipe,   V  "7   (") 

from  a  passage  of  any  form  of  section,  Q  =  796      — -   (  13  ) 

The  effective  horse-power  expended  on  the  net  work  done  in  drawing 

air  through  a  pipe  or  other  passage,  is  expressed  by  the  product  of  the 
sectional  area  by  the  velocity  in  feet  per  second,  and  by  the  head  or 
"drag"  in  pounds  per  square  foot,  divided  by  550.   That  is  to  say,  H  = 

ZM<^j<^//  X  5^  in  which  i  inch  of  water  is  taken  as  equivalent  to  a  pres- 
550 

'  These  formulas  have  been  worked  out  from  Mr.  llawksley's  fundamental  fcirmula, 
!>y  the  author,  in  the  ProcMlin^^s  of  the  lustitutioti  oj  Cn'ti  Engiiucrs^  vol.  .xliv.,  page  90^ 
in  their  application  to  tunneli;  and  also  in  Sinimi  Practical  Tunnelliit^^,  3d  edition. 
Mr.  Hawkdey  states  that  his  fonnnlM  apply  with  ocactDeis  to  the  shafts  and  air-ways 
of  mines. 
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sure  of  5.20  lbs.  per  square  foot,  for  any  passage.  By  substituting  .7854^ 
for  a,  the  expression  is  adapted  for  pipes.   Reducing,  the  formulas  are, — 

Effective  horse-power  in  net  work  of  discharge  of  air  from  straight  passages: — 

from  a  passage  of  any  form  of  section,  H  =        -   ( 14  ) 

too  100 


from  a  pipe,   H  = 


135 


(15) 


Substitute  in  these  fornnilas,  the  values  of  //,  (  9  )  and  (  r  i  ),  and 
horse-power  is  given  in  terms  of  the  velocity,  perimeter,  and  length : — 


the 


from  a  passage  of  any  form  of  section,  H  = 
from  a  pipe,   H  = 


67,000,000 
21,300,000 


(16) 

(17) 


Fkw  of  Compressed  Air  through  pipes, — ^Aoocnding  to  the  experiments  of 
d'Aubuisson,  and  those  of  a  Saidinian  commission,  on  the  resistance  of  air 
through  long  conduits  or  pipes,  the  diminution  of  pressure  is  very  nearly 
directly  as  the  length,  and  as  the  square  of  the  velocity,  and  inversely  as 
the  diameter.  The  resistance  is  not  varied  by  the  density.  A  table  of  the 
loss  of  pressure  in  i)ii)es,  for  a  length  of  1000  metres,  and  for  diameters  of 
from  10  to  35  centimetres,  at  velocities  of  from  i  to  6  metres  per  secoiul.  is 
given  by  Mr.  Cornut,'  and  is  here  reproduced  in  English  measures.  The 
absolute  pressure  is  not  stated. 

Table  No.  307. — Loss  of  Pressure  by  Flow  of  Air  in  Pipes. 

Lei^lth  of  pipe,  1000  metres,  or  328Q  feet 


Diameter  of  Pipe^  io  Inches. 

Velocity  at  the 
Entrance  to  the  Pipe. 

4 

6 

8 

1 

1  " 

1  H 

L«MSQfnreMureiB  lbs.  per  Square  Inch.  j 

metres  per 
aeoMia. 

feet  per 
second. 

Ibi. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs.  1 

I 

2 

3 
4 

5 
6 

3.28 
6.56 

9.84 
13-12 

16.40 
19.68 

.114 
.500 
1.183 
2.060 

3.200 
1  4446 

.076 

•343 
.800 

1.374 

2.160 

2.964 

.057 
.250 
.592 
1.030 
I.610 
2.223 

.057 

.210 

•477 
.840 

1.290 

1.778 

.038 
.172 

.394 
.687 
I. ICQ 
1.482 

.038  ' 

.IS3 

.343 
.600 

•923 
1.280  ' 

At  the  works  for  exravntinc  the  Mont  Cenis  Tunnel,  the  supply  of  com- 
pressed air  was  convc\ed  in  a  cast-iron  pipe  75.4  inches  in  diameter.  The 
loss  of  pressure,  and  leakage  of  air,  from  the  supply  j^ipes,  in  a  length  of 
1  mile  15  yards,  was  only  3^4  per  cent,  of  the  head: — tlie  absolute  initial 
pressure  was  5.70  atmospheres,  and  it  was  reduced  to  5.50  atmospheres, 

*  Sec  M.  Comut'<:  pnper  on  "  Corapressed-air  Madiinery,"  BuUetin  de  ia  Seeky  Indux- 
trulU  AJituralef  1866-67,  201. 
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wliilst  there  was  an  expenditure  at  the  rate  of  64  cubic  feet  of  compressed 
air  per  minute.  In  the  middle  of  the  tunnel,  through  a  length  of  pipe  of, 
say,  20,000  feet,  or  3.80  miles,  the  absolute  pressure  onl^r  fell  from  6  atmo- 
spheres to  5.7  atmospheres,  or  to  95  per  cent,  of  the  original  pressure. 

Resistanxe  of  Air  to  the  Motion  of  Flat  Si  rfaces. 

Mr.  James  C.  Fairweather^  found  by  experiment  that  the  law  of  tlie 
resistance  of  air  to  flat  vanes  moving  through  it  perpendicularly  to  their 
|)lanes,  was  correctly  expressed  by  Dr.  Hutton:— "In  the  case  of  slow 
motion,  nearly  as  the  square  of  the  velocity;  but  gradually  increasing  more 
u.nd  more  above  that  proportion  as  the  velocity  increases."  From  the 
results  given  In  table  No.  30 7 a,  it  may  be  inferred  that  the  resistance  per 
square  K>ot  increases  with  the  total  area  of  sur&ce  exposed.  These  results 
are  considerably  in  excess  of  those  of  Colond  Beaufoy,  heretofore  accepted. 


Table  No.  307A. — Resistance  or  Air  to  the  Motion  of  Fxat  Vanes. 

In  lbs.  pressure  on  the  given  surface. 
(Reduced  ftom  Mr.  Fairweatber's  Experiments.) 


Lineal 

Area. 

seed.  Id  CbM  ner  mom 

«5 

5 

10 

20 

side  of  square. 

sq.  iocbes. 

sq.  feet. 

Jbl. 

lb*. 

lbs. 

lbs. 

54-85 

.38 

•5S 

3-25 

57 

94 

I4X> 

12.9 

166.3 

1. 155 

1-3 

5-5 

13.6 

18.58 

34S-2 

2.40 

3.25 

13.0 

diameter  of 

circle. 

• 

7.24 

41.15 

.286 

2.6 

4.6 

7.4 

10.9 

12.65 

125.8 

.87^ 

M 

3.85 

9.1 

164 

18.36 

264.8 

1.840 

2.4 

10.0 



— 

1 

Ascension  of  Air  by  Difference  of  Temperature. 

Mr.  Hawksley-  gives  the  following  fonnula  for  the  velocity  of  air  in  the 
up-ca.st  shaft  of  a  mine,  due  to  the  different  weights  of  the  columns  of  air, 
of  different  temperatures,  in  the  upxast  and  down-cast  shafts,  comprising 
ailowanoe  for  fictional  resistances. 


(T  +  448)  /.gv 
W/+368/  *  ' 

T^thc  temperature  of  the  air  in  the  up-cast  shaft,  in  Fahrenheit  degrees. 

/  =  thc  temperature  of  the  air  in  the  down-cast  shaft. 
D  =  the  depth  of  the  shaft,  in  feet. 
Mae  the  periphery  of  the  air-course,  in  feet. 

j  =  the  section  of  the  air-course,  in  square  feet. 

/=the  length  traversed  by  the  current,  in  feet. 

v  =  the  velocity  of  the  current,  in  feet  per  second. 

*  < '  Resistance  of  Air/*  ProcmUtigs  of  the  Royal  SociOy  of  Edinbttrgh,  1872-75 ;  vol.  viiL» 

page  351. 

^  Proceedtni^s  of  the  IitstUntton  of  Civil  Aiti^ineers,  1847,  voL  vi,,  page  192.  Mr. 
Hawksley  states,  vol.  xxx.,  page  304,  that  the  fonnula  tallies  exactly  with  the  results  of 
Mr.  Nidiolas  Wood's  expemnents  on  the  ventilation  of  collieries. 
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In  this  investigation  of  the  work  of  air  by  compression  and  by  expansion, 
the  following  symbols  are  employed: — 

/» the  temperature  of  the  gas  in  Fahrenheit  degrees. 
T»thc  absolute  temperature  of  the  gas  =  /  +  46r. 

A  =  the  specific  heat  of  the  gas,  under  constant  pressure. 
A'  =  the  specitic  heat  of  the  gas  under  constant  volume. 
K  »the  specific  heat  of  i  pound  of  the  gas,  under  constant  pressure  in  foot- 
pounds. 

K' « the  specific  heat  of  i  pound  of  the  gas,  under  constant  voliune,  in  fcot* 

pounds.  r  YT 

y  =  the  ratio  of  the  specific  heats  of  a  gas  =  -r,  = 

J  =  the  mechanical  equivalent  of  a  unit  of  heat    772  foot-pounds. 
P  =  the  total  pressure  of  the  gas,  in  pounds  per  square  foot. 
p  =  the  total  pressure  of  the  gas,  in  pounds  per  square  inch. 
V  =  the  volume  of  the  gas,  in  cubic  feet.  , 
z/  =  the  volume  of  clearance  at  each  end  of  the  cylinder. 
W  =  work  done  in  foot-pounds. 

It  was  stated,  page  349,  that  the  product  of  the  volume  and  the  pressure 
of  I  pound  of  a  gas,  is  e<|ual  to  the  product  of  the  absolute  temperature 
and  a  constant  coet!icient;  or, 

VP  =  «T,    (i) 

V/  =  a'T,    (a) 

in  which  a  and  c£  are  the  constants  to  be  used  respectively  for  the  pressures 

P  and  /.  The  values  of  a  have  already  been  given  for  several  gases,  in 
table  No.  114,  page  349,  at  pressures,  /,  per  square  inch.  For  the  values, 
a,  due  to  pressures,  P,  ])cr  s(]uare  foot,  those  values  of  a  are  to  be  multi- 
plied by  144;  or  the  values,  may  be  deduced,  independently,  from  the 
respective  densities  of  the  gases.  The  two  series  of  values  of  the  constants 
a  and  ti,  are  here  annexed  for  several  gases : — 

Consunt  a.  Constant 
One  Pound  of  Gai.  Formula  ( I  }•  Formula  (  a  }. 

Hydrogen,   767.4    5.33200 

Gaseous  steam,   85.4   59372 

Nitrogen,   54.72   38027 

defiant  gas,   53.98   37506 

Air,   53.15   36935 

Oxygen   48.07   33406 

Carbonic  acid  (ideal),   35'00  24322 

Do.       (actual),   34.76   24155 

Sulphuric  ether  vapour  (ideal),   20.49   14246 

Vapour  of  mercury  (idesd),   7.62   05296 
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It  follows  from  the  general  equations,  as  was  stated  at  page  345,  that  the 
pressure  of  a  gas  varies  inversely  as  the  volume,  when  Uie  temperature  is 
constant;  and  that  the  product  of  the  pressure  and  the  volume  is  propor- 
donal  to  the  absolute  temperature.  When  the  temperature  is  uniform, 
therefore,  the  product  of  the  pressure  and  volume  of  a  given  weight  of  a 
gas  is  also  uniform;  and,  if  the  gas  be  either  compressed  or  expanded,  it  follows 
the  hy[)erl>olic  ratio.  The  resulting  hyperbolic  curve  of  expansion  or  of 
compression  is  called  an  isoi/icrmai i  urrt\  or  cux\q  for  constant  temperature. 

W  hen  a  mass  of  a  gas  is  either  compressed  by  or  expanded  on  a  piston 
within  a  cylinder,  of  non-conducting  materials,  so  that  heat  is  neither 
received  nor  given  out  by  the  gas,  the  curve  of  compression  or  of  expansion 
is  called  an  adiabaHc-curve.  The  work  of  compression,  as  internal  work,  is 
converted  into  heat,  which  pervades  the  gas  and  raises  its  temperature ; 
and,  reversely,  a  portion  of  the  heat  of  the  gas  is  converted  into  the  work 
of  exjxansion,  as  internal  work,  and  the  temperature  is  lowered. 

The  general  equation  for  air,  with  the  values  of  the  constants  a  and  a\ 
are 

VP  =  53.15  T   (3) 

V/  =  .36935  T   (4) 


WORK  OF  DRY  AIR  AT  CONSTANT  TEMPERATURE, 

OR  ISOTHERMALLY. 

When  the  temperature  is  constant,  say,  at  62**  R,  the  absolute  tempera- 
ture is  461°  +  62**-  523%  and  the  value  of  the  constant  products  in  formulas 
(3)and(4),are,-- 

VP-53.15  T=27,8oo   (5^ 

V/  =  . 36935  T  =  193.2   (6) 

Since  V  P  =  V  F,  in  which  V  and  F  are  any  other  corresponding  volume 
and  pressure,  at  the  same  temperature,  the  relation  stands  as  follows: — 

Isothermal  Compression  or  Expansion  of  Air, 



The  hyperbolic  ratio  of  expansion,  or  of  compression,  followed  by  air  at  a 
constant  temperature,  has  already,  page  822,  been  taken  as,  practically,  the 
ratio  according  to  which  steam  is  expanded  in  the  cylinder;  and  the  nature 
of  the  relation,  and  the  deductions  from  it,  which  have  there  been  con- 
sidered, apply  also  to  the  case  of  air. 

Work  of  Compression  of  Air  at  Constant  Temperature, 

W I  r  \\^^\^  r  C  LEAR  A  X  C  E. 

If  there  be  no  clearance,  and  if  there  were  no  back-pressure,  the  work  of 
simple  compression  in  one  stroke,  calculated  in  terms  of  the  initial  work 
P'V,  or  the  equivalent  PV: — 

W^PVhyplogX,,   :  (8) 


900  WORK  OF  GASES  CX>MPR£SS£D  OR  EXPANDED. 

represented  by  the  area  E    B  D,  Fig.  348.    Ikn  there  is  an  assisting  pres- 
|_c   sure  P', — the  initial  atmosjjheric  i)ressure, — the  work 
of  which  IS  (P'xV),  represented  by  tlie  rectangle 
lI  D  F,  which  is  equal  to  (i'  -  P')  V,  the  rectangle  C  G; 
^  and  the  net  work  for  simple  compression^  is 
u 

W  =  PVhyplogX-^r  -P)V'.    (9) 

af  c:Sr!ri"m Jcr-^  M  One  Strokt>  of  mi  Air-coinpres5or.~ 

mturc.  or  isotherniaiiy.  There  is  to  bc  added  the  work  of  ei^peliing  the  air 
from  the  cyhnder  into  a  reservoir,  equal  to, 

(P'-P)V',    (10) 

and  the  sum  of  ( 9 )  and  ( 10 ),  reduced,  is: — 

Total  Net  Work  for  One  Stroke  of  the  Air-compressor^  isothermaUy^ 

without  Ciearance* 

W  =  PVhyplog^,;    (11) 

0iiW=PVhyplQg2'   (la) 

Work  of  Compr£88ION  of  Air  at  Constant  Temperature, 

WITH  Clearance. 

The  work  of  compression  in  one  stroke,  leaving  back-pressure  out  of 
calculation,  is, 

W  =  P(V  +  P)hyplog^   (13) 

Deduct  the  work  of  atmosj^jheric  hack-pressure,  or  (P'-P)  (V'  +  7');  and 
add  tlic  work  expended  in  expelling  the  air  from  the  cylinder  into  a 
reservoir,  equal  to, 

(P'-P)V'   (14) 

The  resultmg  total  net  woifc  is, 

Total  Net  Work  for  One  Stroke  o  f  thr  A  i  r-eompressor^  isolhermally^ 

with  Uearancc. 

W  =  P(V  +  z')hyplog^7^^,-{P'-P)t;   (15) 


Work  of  Expansion  op  Air,  at  a  Constant  TF^MPERATtnts. 

When  the  pressure  of  the  air  at  the  end  of  the  stroke  is  reduced  by 
expansion  to  an  equality  with  the  back-pressure,  the  equations  ( S )  to  ( 15 ), 
for  compression,  express  also  the  relations  of  pressure,  volume,  and  work, 
for  expansion — represented  also  by  Fig.  348. 
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ToUt/  Ntt  Work  far  One  Stroke  of  a  Compressed-air  Engine^  when  the 
air  is  expanded  dawn  to  the  back-pressure: — 

V 

Without  clearance...  W  =  P  V  hyp  log-^   (16) 

With  clearance          W-P  (V  +  z/)hyp  lQg-Ylii!-(P-P')2;...  (17) 

AMicn  the  back-pressure  P"  is  less  than  P',  the  lower  limit  of  the  positive 
pressure,  there  is  a  sudden  fall  of  ])resi>ure  at  the  end  of  the  Stroke,  from 
P  to  P  ',  and  the  expression  for  the  total  net  work  is: — 

W  =  P(V  +  z;)h>rplog^^-t?-P^V'  +  PV.   (18) 


WORK  OF  DRY  AIR  IN  A  NOX  CONDUCTING  CYLINDER, 

ADIABATiCALLY. 

The  specific  heat  of  i  lb.  of  air  in  foot-pounds  of  work,  is 

Unit  PoM<|xniiidt. 

At  constant  pressure,  2377  x  773  » 183.45  >=  K. 

At  constant  volume,  1688x772=130.3  sK'. 


Difference,   53. 1 5  =  <l  =  K -  K'.  ' 

The  difference,  53.15  foot-pounds,  is  equal  to  the  value  of  the  constant 

formula  (  i  ),  for  air,  as  given  in  formula  ( 3 ),  page  899. 

The  ratio  of  the  sj)ccific  heats  at  constant  pressure  and  constant  volume 
is  as  1.408  to  I,  or  1.408,  whether  they  are  expressed  in  heat-units  or  in 
foot-pounds. 

Adiabatic  Compression  of  a  Gas. 

Suppose  that  the  gas,  having  the  initial  pressure  P,  volume  V,  and 
temperature  T,  is  compressed  adiabatically,  and  attains  the  pressure  P\ 
\  f)lume  \' .  and  temperature  the  relations  of  the  pressure,  volume,  and 
temperature  are  as  follows: — 

AdiabaHe  Compression, 

P'     /VV  -     .    F  /V\»4o8 

r  /vy-'      c    •  T'  /VV408 


-.i,^^^,      forai.,f  =  (^r   (ax) 


t  ^P 


Showing  that,  for  air,  the  pressure  according  to  the  adiabatic  curve,  varies 
inversely  as  the  1.40S  power  of  the  volume: — that,  in  fact,  the  product 
P     is  a  constant  quantity ;  and  that  the  absolute  temperature  varies  as 
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the  .39  power  of  the  pressurei  and  inversely  as  the  .408  power  of  the 
volume.   For  instance, 

when  the  pressure  is  doubled,  or  as   i  to  2 

the  volumes  are  inversely  as  i  to  1.636,  or  directly  as,  i  to  .6it 
the  absolute  temperatures  are  as   i  to  i  .333 

Table  No.  308  contains  the  relative  values  of  the  ratios  of  the  initial 

T*  V         '  P' 

and  final  temperatures  ^,  and  volumes     for  given  ratios  ^  of  initial 

and  final  pressures,  1.2  to  10  times,  calculated  by  means  of  formulas 
([  31 )  and  ( 19 ),  with  columns  of  differences  to  fisidlitate  the  calculation  of 
mteipolations  when  required.^ 

Table  No.  308. — Compkkssion  or  Expansion  of  Air  withoitt 
Keceiving  or  Giving  Out  Heat. 


Corresponding  ratios  of  pressure,  temperature,  and  volume^  aocoiding 

to  ecjuations  (  19  )  and  (  21 ). 


Kaiio  of 
(keater  to 
Less 

1 

Ratio  of  Greater  to 
Less  Absolute 
Temperature*. 

lavene  of  these 
Ratiot. 

Ratio  of  Less  to 
Greater  AlonUite 
Tcrn^KTratures. 

Ratio  of  Greater 
to  Less  Volume. 

Inverse  of  tliese 
'  Ratios. 

Ratio  of  Lew  to 
Gieater  Volumes. 

numbers. 

differ. 

numbers. 

diricr. 

numbers. 

differ. 

numbers. 

diflTer. 

1.2 

1.054 

48 

.948 

41 

1.138 

132 

1  .879 

91 

14 

1. 102 

44 

.907 

34 

1.270 

126 

.788 

72 

1.6 

1  1. 146 

40 

.873 

30 

1.396 

122 

.716 

57 

1.8 

1  1.186 

36 

.843 

25 

I.518 

118 

.659 

48 

2 

1.222 

35 

.818 

22 

1.636 

114 

.611 

40 

2.2 

1.257 

32  i 

.796 

20 

1.750 

112 

.571 

34 

3.4 

1  1.289 

30 

.776 

18 

1.862 

109 

•537 

30 

2.6 

i-3«9 

29 

.758 

16 

I.97I 

106 

.507 

26 

2.8 

1.348 

27 

-742 

»5 

2.077 

105 

.481 

23 

3 

1-375 

26 

.727 

'3 

2.182 

102 

.458 

20 

3-2 

1.401 

25 

.714 

»3 

2.284 

100 

.438 

19 

34 

j  1426 

24 

.701 

It 

2.384 

99 

419 

16 

3.6 

1  1450 

23 

.690 

2.483 

97 

.403 

»5 

3.8 

1-473 

.679 

10 

2.580 

96 

.388 

14 

4 

1.495 

21  i 

.669 

9  1 

2.676 

94 

.374 

»3 

1  4-2 

1.516 

21  ' 

.660 

9 

2.770 

93 

f  -361 

12 

4.4 

'  1-537 

20 

.651 

9 

2.863 

93 

I  .349 

1 1 

4.6 

1-557 

19 

.642 

7 

2.955 

9' 

I  .338 

10 

4.8 

1.576 

19 

•635 

8 

3-046 

89 

.328 

9 

1 

1  \'M\ 

86 

.627 

3-»35 

434 

.319 

39 

77 

•595 

3569 

412 

.280 

29 

7 

1.758 

70 

.569 

22 

3.981 

396 

.251 

23 

8 

1.828 

63 

.547 

18 

4-377 

382 

.228 

18 

9 

,  1. 89 1 

59 

.529 

16 

4.759 

370 

.210 

15 

10 

•513 

5.129 

.195 

I 

2 

3 

4 

S 

*  This  talile  i*;  abstrncled  from  a  masterly  paper,  "  fjiide  Theorique  sur  Ics  Machines  ft 
Air  Comprime ;"  by  M.  }Az\\aLt<i  {Bitiiettn  de  ia  Si>t ieti     l' In Jitstne  AftnMi^Cf  1866-67). 
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Let  mn  be  the  length  of  a  cylinder  filled  with  i  lb.  of  gas,  having  the 
initial  pressure  \\  volume  V,  and  temperature  W  Let  the  gas  be  com- 
pressed adiabatkally  by  a  piston  into  the 
volume  V,  to  the  pressure  and  the  tem- 
perature T'.  1  he  work  of  compression  is 
measured  by  the  area  dgnd\  and  as  shown 
bjr  Mr.  J.  H.  Cotterill,^  it  is  expressed  by 


foralr,  130.3  (T  -T)    ^7 ("> 


t 

 \ 

T 

1 
1 

 -     ▼  4 

Add  the  work  of  driving  the  compressed  air 
out  of  the  cylinder  into  the  reservoir,  mea- 
sured by  the  rectangle  dm^  equal  to  VP'; 
and  subtract  the  work  contributed  by  the  air 
from  the  initial  source, — ^the  atmosphere,  for 
instance, — ^which  presses  on  the  other  face  of  the  piston,  measured  by  the 
rectangle  gm^  equal  to  V  P.   The  net  work  expended  is,— 


Fig.  349.  —Compression  of  Air 
adnbtticaUy. 


W  =  K'  (T'  -T)-f-V'P'_VP.  ) 
For  air  W  =  130.3  (T'  -  T)  +  VP'  -  V  P.  / 


(«3) 


iiy  formula  (  i ),  V'P'  =  (K-K')  T',  and  V  P  =  (K-K')  T,  (a  being  =  K 

V'P'_VP-(K-K')  (T'_T);  ) 
forair,VP'-VP  =  53.i5(T'-T)  / 


(23«) 


Substituting  the  value  of  V'F-VP,  in  equation  (33),  and  reducing,  it 
becomes, — 

Work  expended  in  Compressing  \  pound  of  Dry  Gas^  in  terms  of  the 

tempenOures. 

W  =  K(T'-.T);   for  air,  W=  183.45  (T'-T)   (24) 

That  is,  the  net  work  expended  in  compressing  i  pound  of  gas,  is  equal  to 
the  increase  of  temperature,  or  the  difference  of  the  initial  and  final  temper- 
atures, in  Fahrenheit  degrees,  multiplied  by  the  specific  heat  in  foot-pounds 

at  constant  pressure.  r^, 

When  the  initial  temperature  only  is  given,  T'  -  T  =  T      - 1),  and  by 

substitution  in  formula  ( 34 ),  the  final  temperature  may  be  found  when  the 
pressures  are  given: — 

Work  of  Compressing  i  pound  of  Dry  Gas  {formula  to  aid  in  finding  t/ie 

final  tetnpcraturc). 

W-KT  (1'  - 1);  forair,  W- 183.45  T      -  i)   (  ) 

P  1" 

Coirespondmg  to  the  ratio  of  the  pressures  -p-,  the  value  of  is  found 
for  air,  in  the  table  No.  308;  thence  the  work,  and  also  the  final  temperature. 

^         on  the  Thmry  o/the  SUttm-Engine.  1871. 
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To  express  the  work  in  terms  of  the  pressures,  PV  =  (K-K')  T,  by  for- 

P  V 

mula  ( I ),  and  T  -         , .  Substitute  this  value  of  T  in  formula  (24) ;  and 

/  p'  \  .29 

also  y-^)    for        then,  by  reduction, — 

IVorJk  of  Compressing  i  pound  of  Dry  Gas,  in  terms  of  pressures  and 

initial  volume, 

^  =  K-^^^^\(^^>''-Oa   

forair,W  =  3.45PV((-^r-i)  j 

The  vahie  of  V,  the  volume  of  a  pound  of  air,  may  be  found  for  vanous 
pressures  and  temperatures  by  the  formulas  (  i  ),  (  a  ),  page  898. 

PV  P'V 
Again,  substitute  the  value  of  T  =  |^j^„  and  T'  =  — -gy,  in  equation 

(  24 );  and  reduce: —  "  " 

Work  of  Compressing  i  pound  of  Dry  Gas,  in  terms  of  pressures  and  volumes. 

W  =  (P'  V  -  P  V);   for  air,  W  =  3.45  (P'  V'-P  V)  (  27  ) 

To  exemplify  the  rise  of  temperature  by  adiabatic  comjjression,  take 
atmospheric  air  at  62^  F.,  or  (461+62  =  )  523"  F.  absolute  temi)erature. 

P' 

In  doubling  the  pressure,  the  ratio  -p-  -  ^^^^^  3<^^} 

corresponding  ratio  of  the  absolute  temperatures  is  1.222  ;  whence,  523^  x 
1.222  =  639^  the  increased  absolute  temperature,  and  639-461  ^  178^  F., 
the  final  temperature. 

For  ratios  of  jjressure,    2,          3,          4,          5,  10, 
the  ratios  of  the  initial  and  tinal  absolute  temperatures  are, — 

1.222,    1.375,   I-495*  i-595» 
and  when  the  initial  temperature  is  62**  F.,  the  final  temperatures  are, — 

178°      258'*      321'^      373°  559^ 

It  may  be  noted  that,  in  this  example,  for  the  ratios  of  pressure,  2,  3,  4,  5, 
and  10,  the  final  temperatures  are,  very  roughly,  3,  4,  5,  6,  and  9  times  the 
initial  temperature  62  '. 

Adiabatic  Expansion  of  Gases. 

Adiabatic  expansion  is  a  duplicate,  in  reverse,  of  the  adiabatic  compres- 
sion of  a  gas  against  a  piston,  and  the  primary  formula  ( 1 ).  page  S98, — 


PV=tfT, 
PV 


with  its  derivatives  (19)  to  (27),  are  apj)licable.  by  reversing  the  order  of  the 
symbols  of  initial  and  hnal  pressures,  volumes,  and  temperatures,  dchned  at 
page  898. 
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The  compressed<ur  engine  differs  from  the  compressing  engine,  in  being 
coDtrolled  by  a  valve  by  which  the  supply  of  air  to  the  cylinder  is  cut  off  at 

any  point  of  the  stroke,  and  any  degree  of  expansion  is  effected.  The  air 
may  thus  be  worked  in  three  ways: — ist,  when  it  is  comi)leteIy  expanded 
down  to  atmospheric  pressure  before  it  is  exhausted;  2d,  when  it  is  admitted 
for  the  whole  of  the  stroke,  and  exhausted  at  full  pressure;  3d,  when  it  is 
only  partially  expanded,  and  exhausted  at  a  pressure  above  atmospheric 
pressure. 

Referring  for  explanations  to  the  discussion  of  adiabatic  compression,  it 
is  sufficient  now  to  repeat  the  formulas  for  compression,  as  adapted  for 
adiabatic  expansive-working. 

When  a  gas  is  completely  expanded  behind  a  piston  from  the  pressure  P, 
volume  V,  and  temperature  T,  to  P',  V,  and  T',  the  relations  are  as 
follows: — 

Adiabatic  Expansion  ef  a  Gas, 

V         '     for  air,  ^  =  [-^)    ( 30  ) 

T^P^)-';     forair4.(p-   (3t) 

The  tal)lc.  No.  ^cS.  contains  corresponding?  values  of  ratios  of  pressures, 
volumes,  and  temperatures,  to  save  calculation. 

1ST.  When  the  Gas  is  Comi  i.k  i  i  i.v  Kxpaxoki)  down  to  an  Equality 

WITH   THK  JJaCK-PrESSURK. 

In  the  diagram,  Fi^^  349,  let  ;//  n  be  the  length  of  the  stroke  of  a  cylinder, 
into  which  i  pound  of  a  gas  of  the  pressure  P  is  admitted,  occupying  the 
portion  of  the  stroke  ai,  or  the  volume  V;  and  let  the  gas  be  expamled  to 
the  end  of  the  stroke,  and  the  vohnne  V,  and  the  j^ressure  P',  eijual  to  the 
pressure  of  the  surrounduig  medium,  constituting  back-pressure.  The  initial 
work,  during  admission,  is  measured  by  the  rectangle  dm,  equal  to  V  P,  and 
the  back-pressure  by  the  rectangle  gm,  equal  to  V  F.  The  work  of  ex- 
pansion between  the  initial  and  final  temperatures  T  and  T,  is  measured  by 
the  area  dgnd*,  and  is  expressed  by, 

J  h'  (T  -  T)  =  K'  (T  -  T  );   for  air,  130.3  (T  -  T')  (  32  ) 

That  is,  the  work  by  simple  ex|\insion  is  equal  to  the  fall  of  temperature, 
or  the  difft'rence  of  the  initial  and  final  temi)eratures  in  Fahrenheit  degrees, 
multiplied  by  the  specific  heat  in  foot-pounrls  at  constant  volume. 

Add  the  initial  work,  and  deduct  the  work  of  back-pressure,  and  the  net 
total  work  expended  is, 

W  =  K'(T'-T)  +  VP-V'F,     )  ,  V 

for  air,  W  =  130.3  (T'  -  T)  +  V  P  -  V  P'  / ^  ^ 

By  substitution  and  reduction,  as  was  done  for  coDipressiou,  page  903: — 
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lyor/k  performed  by  One  Found  of  Dry  Gas  expanded  down  to  the  baek- 
pressure^  in  terms  of  the  temperatures, 

W  =  K(T-r);  for  air,  W:=  183.45  (T-T)   (34) 

That  is,  the  net  work  performed  is  equal  to  the  fall  of  temperature^  or  the 
difference  of  the  initial  and  final  ti  mpcratures^  in  FahrcfihHt  degreeSf  mul- 
tiplied by  the  specific  heat  in  foot-pounds  at  constant  pressure, 

When  the  initial  temperature  only  is  given,  T-T'  =  T  (i-  — and 
by  substitution  in  formula  (  34): —  * 

Work  performed  by  One  Found  of  Dry  Gas  expanded  down  to  tlw  back- 
pressure (formula  to  aid  in  finding  the  final  temperature), 

W  =  KT(i-X);  forair,W-i83.45T(i- J^)   (35) 

The  value  of      corresponds  in  table  Na  30S,  column  3,  to  the  ratio  of 

P 

the  initial  and  final  pressures,  I'hence  the  work  may  be  found;  also  the 
final  temperature.  " 

To  express  the  work  in  terms  of  the  pressures,  PV  =  (K-K')  T,  by 

PV 

formula  (  28 ),  and  T  =  — — — ^   Substitute  this  value  for  T  in  formula 

Jv  ~  Jv 

/  p'  \  .39  T" 

(  35  );  and  also  V"p"/  *^^»     reduction, — 

Work  performed  by  One  Pound  of  Dry  Gas,  in  terms  of  pressure  and 

initial  volume* 

forair,W-3.45PV(i-(-L.)  ) 

P  V  P*  v 

Again,  substitute  the  value  of  T  =  g3g>»         =  in  equation  (34)- 

and  reduce, —  ~  ~ 

Wor/i  performed  by  Om  Found  of  Dry  Gas,  in  terms  of  pressures 

and  volumes. 

W=g^j^,{PV-P'V);  forair,W-3.45(l'V-P'r)....  (38) 

To  exemplify  the  fall  of  temperature  by  adiabatic  expansion,  take  atmo- 
spheric air  at  62°  F.,  or  (461+O2-)  523"  F.  absolute  temperature.  In 

p 

reducing  the  pressure  to  a  half,  the  inverse  ratio  =  2,  and  the  correspond- 
ing ratio  of  temperatures,  column  3,  table  No.  308,  is  .818;  whence  523''  x 


Digitized  by  Google 


ADIABATIC  EXPANSION.  90/ 

.818=428%  the  filial  absolute  temperature,  and  461-428=  -33*"  F.» 
the  final  temperature.  Similarly, 

for  inverse  ratios  of  pressoie,    2,        3,         4,         5,  10, 
the  ratios  of  the  initial  and  final  absolute  temperatures  are^ 

.818,     .727,      .669,      .627,  ,513, 
and  when  the  initial  temperature  is  62°  F.,  the  final  temperatures  are, 

-33%             -"1%    -133",  -i93*'F. 

These  instances  illustrate  the  limitless  possibilities  of  producing  cold  by 
the  eipansion  of  air.  It  is  clearly  as  impracticable  to  work  a  compressed- 
air  ei^pne  in  such  low  temperatures,  when  even,'  particle  of  moisture  and 
lubricant  would  be  frozen,  as  amongst  the  high  temperatures  previously 
noticed. 

2i>.  Whkn  the  Gas  is  Admitted  to  the  Cylinder  for  the  Whole 

OF  THE  Stroke. 

In  this  case,  there  is  no  expansive  working,  and  the  gas  is  exhausted  at 
full  pressure.   The  work  dont  by  x  pound  of  dry  gas  is — 

W  =  V(P-P'),    (39) 

in  which  P  and  P'  are  the  initial  and  the  exhaust  pressures.  P  V  = 
(K  —  K')  T,  by  formula  (  28 ),  page  904,  and,  by  inversion, 

y^(K-K')T.   forair,V=5M5_l'j    (40) 

and,  bjr  substitution  and  reduction, 

W  =  (K-K')T(i-?;);   forair,W  =  S3.i5T(i-J').  ••  (41) 

A-gain,  the  general  equation  for  the  work  done  by  i  pound  of  dry  gas  is 
(formula  ( 34 ),  page  906), 

W  =  K(T.T');   andW-KT(i-I'),    (42) 

in  which  T  and  T'  are  the  initial  and  the  final  temperatures. 

Equating  these  expressions  for  W,  ( 41 )  and  (  42 ),  and,  redudng,^ 

r    .     K-K\^,K-K'  P\. 
Tr  =  (i— |^)-H(-^xp-);or, 

T     K      K.  —  K.'  P* 

T^  k  "^^    l^-"Xp);       for  air,  — =.71 +  .29  p.;    (43) 

T'  =  T(|'  +  (*i^'x|.'));  forair,r  =  T(.7i+.29  J)...(44) 

By  either  of  these*  formulas,  (43,  44),  the  final  temperature  T  is  found, 

.         .  P' 

when  the  initial  temi)erature  T  is  given.  For  a  ratio,  for  air,  =  i/^,  or 
P 

p  s  2,  for  instance,  with  the  initial  temperature  62'*  F.,  or  absolute  tempera- 

'  Thi^  method  of  finding  the  final  temperature,  by  equating  the  two  expressions  for  W, 
is  borrowed  from  M.  Mallard.    See  the  preceding  note,  page  902. 
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ture  523%  the  final  temperature  T  =  523  (.71  +  .29  x  >4)  =  523  x  .855  =  447**; 

and  461  -  447  =  -  14"  F. 

To  facilitate  calculation,  by  means  of  formula  ( 43  ),  the  values  of  the 
ratios  of  the  absolute  temperatures  coirespoDding  to  given  ratios  of  the 
pressures,  are  given  in  table  No.  ^09. 


Table  No.  309. — ^Cumhressed-Air  Engine: — Air  AoiMmted  vur  the 
Whole  of  the  SrROKE.— Corresponding  Ratios  of  Pressures 
AND  Temperatures. 


Ratio  of  the 

Final  to  the 
Iniiial  Prc»urc 

Ratio  of  the 

Initial  to  the 
F"iii;il  Prcihure. 

Ratio  of  the 
Final  to  the 
Initial  Absolute 
Temperatures. 

Ratio  of  the 
Final  to  the 
Imtial  Pteuure. 

Ratio  of  the 
Initial  to  the 
Final  Pressure. 

Ratio  of  the 
Final  tu  the 
Initial  Absolute 
Tcmperaiureji  | 

I 

I 

•/6 

6 

•758 

2 

'ill 

■I 

7 

•751 

3 

8 

.746 

4 

.782 

■■/: 

9 

.742 

5 

768 

10 

•739 

The  final  temperatuies  of  air  tinder  adiabadc  expansion,  and  also  when 
exhausted  at  full  ))ressurey  without  expansion,  due  to  given  ratios  of  pres- 
sure, are  detailed,  for  comparison,  in  table  No.  310,  in  the  second  and  third 
columns.  The  retluced  ethciency  by  adiabatic  exjiansion,  su|)posing  the  initial 
temperature  to  fall  to  62'  F,,  given  at  jKi^e  910,  is  here  given  in  column  4. 
The  same,  for  full  pressure,  without  expansion,  is  given  in  column  5.  It  is 
calculated  thus,  in  the  first  instance,  for  example: — The  final  temperature, 
column  3,  is  -  r4**  P.,  and  is  (62  + 14  = )  76°  below  62% — ^being  the  range  of 
the  temperature  in  doing  work.  But  the  range  of  temperature  in  compress- 
ing the  air  adiabatlcally  to  twice  the  initial  pressure  is  (178°  (as  at  page  904) 

76 

-62  =  )  116°;  and  (jY^x  100  =  )  66  per  cent  is  the  reduced  efiidency 
without  expansion,  as  in  column  5.  The  ratios  of  these  reduced  efficiencies, 


Table  No.  310. — Compressed- Air  Engine: — ^Air  Expanded  Adiabati- 

CALLY,  AND  AlR  ADMITTED  FOR  THE  WHOLE  STROKE. — COMPARA- 
TIVE Final  Temperatures,  and  Reduced  Efficiencies. 


Initial  temperature  =  62*  F. 


Ratio  of  the  1 
Initial  to  the 
Final  Pressure.  ^ 

final  Tcmpenture. 

Rftdiiood  EfEeicncy. 

Ratio  of  Reduced 
Efficienctea !— > 

NVithout  Expan- 
sion  and  with 
Complete 
Expansion. 

Wlth^Adiabatic 

Without 
Expansion. 

1  With  Adiabatic 
Expanaion. 

Without 
Expanskm. 

1 

Fahr. 

Fahr. 

per  cent. 

per  cent 

per  cent. 

2 

iir 

-14*' 

82 

66 

80 

3 

-40 

73 

52 

4 

-rii 

67 

44 

66 

5  = 

- 133 

-60 

63 

39 

62 

10 

1 

-193 

-75 

27.5  1 

1  54 
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in  columns  4  and  5,  are  given  in  the  last  column;  found  thus,  in  the  Arst 
example,  for  instance: — (^^  x  100  = )  80  per  cent   These  ratios  may  also 

be  calculated  as  tiie  ratios  of  the  ranges  of  temperature  in  the  two  cases.  In 
the  first  instance,  fer  example,  (  -  33  +  62  = )  95*,  and  ( -  14  +  62  =^ )  76*,  are 

the  ranges  for  adiabatic  expansion,  and  without  expansion;  and  (^^  x  100  =  ) 

95 

80  per  cent,  is  the  ratio  of  the  reduced  effi(  iencies.  The  table  indicates, 
generally,  the  economical  disadvantage  of  working  compressed  air  without 
expansion. 

3D.  When  the  Gas  is  but  partially  Expands 

The  absolute  temperature  of  tlie  gas,  when  expanded,  falls  from  T  to  T' 
at  the  end  of  the  stroke.  Here,  it  is  siuldeBly  exhausted  into  the  aurround« 
ing  medium,  and  the  temperature  &lls  still  ftuther,  to  T'.  The'  work  done 
by  I  i)ound  of  gas,  in  terms  of  the  extreme  temperatures,  is,  by  the  general 
formula  ( 34 ),  page  906, 

W^Krr-r');  for  air,  W=  183,45  (T-T")   (45) 

whence,  as  in  ( 35  ), 

W  =  KT(i-f);  fiM:air,W  =  i83.45T(i-p   (46) 

or.W  =  KT(i-(^>cI));  forair, W- 183.45 t(i -(^x I')).  (47) 

When  the  successive  pressures,  P,  P',  P",  are  known,  the  ratios  of  the 

temperatures  in  these  last  two  formulas  are  easily  found  in  the  table  No.  308, 

p"       p"  p' 

page  902,  from  the  ratios  of  the  pressures       or  p?,  and  ^    when  the 

calculation  for  the  work  may  be  completed. 

The  temperatures  T  and  T'  may  be  found  from  T;  first,  for  T,  by 
inverting  equation  ( 31 ),  page  905, 

1^=^  (  pT^;      forair.r=T(P^   (48) 

Thence,  the  value  of  T^,  the  ultimate  temperature,  is  found  according  to 
formula  ( 44 ),  page  907,  to  be, 

r  =  r  (  J'  +  X  p  ) ;  for  air,  T'^  T  (.71 +.29  p  ( 49 ) 


EFFICIENCY  OF  COMPRESSED-AIR  ENGINES. 

The  work  by  expansion  would  be  an  exact  duplicate,  in  reverse,  of  the 
work  expended  for  compression,  and  the  two  works  would  be  equal  to  each 
other,  if  the  reverse  actions  took  place  between  the  same  temperatures, 
pressures,  and  volumes.   The  efficiency  of  the  combined  compressor  and 

motor  would  be  equal  to  100  per  cent.,  irrespective  of  losses  by  friction  and 
clearance.    But,  under  practical  conditions,  the  initial  temperature  for 
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expansion  is  not  more  than  that  of  the  surrounding  atmosphere;  and,  in 
working,  by  expansion,  back  to  atmospheric  pressure,  even  between  the 
same  extremes  of  pressure,  the  volumes  are  smaller,  since  the  temperatures 
are  lower;  and  the  efficiency  must,  of  course,  be  less  than  loo  per  cent 

In  working  air,  under  these  conditions,  between  two  given  pressures, 

first  compressively,  and,  second,  expansively,  let  the  ratios  of  the  pressures, 

p 

which  are  the  same  in  both  actions,  be  p,  P  being  the  higher  pressure,  and 

P'  the  lower,  or  atmospheric  pressure.  Put  for  the  higher  temperature 
by  adiabatic  compression,  whilst  1'  is,  as  before,  the  atmospheric  tempera- 
ture,  and  T'  the  final  temperature  by  expansion.    Then,  according  to  for- 


mula (31),  —  =  —  =  ( -J )   ;  that  is  to  say,  the  ratios  of  the  absolute  temperar 

L      I  /P\-»9 
tures  are  equal  to  each  other,  since  they  are  each  equal  to  \p)  .  It  follows 

that, 


T'  :  T  :  :  T  :  T';  and  that  T'-T  :  T-T'  :  :  T'  :  T; 

that  is  to  say,  the  range  or  difference  of  the  temperatures  for  compression, 
(T"  -T),  is  to  the  range  for  expansion  (T-T'),  in  the  ratio  of  the  higher 
absolute  temperatures.  and  T,  for  compression  and  for  expansion  respec- 
tively; and  the  loss  of  efficiency  by  the  intermediate  fall  of  the  temperature 
of  the  ( 0111  pressed  air  from  that,  T*,  due  to  the  compression,  to  T,  the 
atmospheric  temperature,  is  simply  the  proportion  which  this  fall,  T*-T, 
bears  to  the  maximum  temperature  T*. 

It  is  so,  because  the  volume  is  as  the  absolute  temperature  T',  and  the 
loss  of  temperature  T*-T,  indicates  the  loss  of  volume  by  contraction, 
under  the  same  pressure.  For  instance,  in  compressing  dry  air  at  62°  F., 
to  two  atmospheres  of  pressure,  in  a  non-conducting  vessel,  the  temperature 
is  raised  to  1 78  ,  and  the  fall  in  reverting  to  62  is  (i  78  -  62  =  )  1 16^  The 
loss  of  efficiency  is  the  proportion  of  116"  to  (461  + 178  =  )  639"^,  the  maxi- 
mum absolute  temperature,  thus: — 

(461  +  178  =  )  639- 
(461+  62=)  523 

Difference,  or  loss,....  ii6^b  18  per  cent  of  the  maximum  absolute  temperature. 
Leaving   523  -82        „  „ 

For  ratios  of  pressure,  or  atmospheres 

u  ^   .  2»  3,      ,   4,  5,  10^ 

the  nnal  temperatures  for  compression  are« 

178^        258^        32I^        373°,  559°Fahr.; 

and  the.  reduced  efficiency,  supposing  the  initial  temperature  for  expansion 

becomes  62*  F.,  is 

82,        73,        67,        63,         51  percent, 
whilst  the  loss  of  efficiency  is 

i8»         27,         33,         37,         49  » 

Here  it  is  obvious  that  the  lower  the  degree  of  compression  applied  to  the 
air,  the  less  is  the  rise  of  temperature,  the  less  is  the  loss  of  heat  by 
dissipation,  and  the  greater  is  the  efficiency  of  the  machine.  When  an 
initial  temperature  can  be  maintained  for  the  expansion-engine,  higher  than 
that  of  the  surrounding  atmosphere,  the  range  of  temperature  within  which 
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the  air  may  be  expanded  before  it  arrives  at  the  freezing-point,  as  a  lower 
limit,  is  greater  than  if  it  commence  at  atmospheric  temperature;  and  the 
perfonnance  is  also  greater  in  the  same  proportion. 

When  the  compression  is  carried  to  10  atmospheres,  the  efficiency  for 
working  in  a  compressed-air  engine,  above  indicated,  is  only  51  per  cent 

Add,  that  the  efficiencies  of  the  machines  themselves, — the  compresscr 
and  the  power-engine, — are  factors  for  the  calculation  of  their  resul- 
tant efficiency;  and  if  the  efficiency  of  each  machine  be  taken  at 

80  per  cent,  the  combined  percentage  of  the  two  machines  is  (^^  ^     = ) 

ICQ 

64  per  cent.,  or  two-thirds;  and  64  per  cent  of  51  per  rent.,  is  33  per  cent., 
the  resultiuit  efficiency  of  the  combined  compressor  and  engine,  working  to 
10  atmospheres.  Similarly,  it  is  found  that  the  resultant  efficiency,  working 
to  2  atmospheres,  is  52  per  cent  The  less  the  degree  of  compression,  the 
greater  is  the  efficiency;  because  the  less  is  the  proportional  loss  from  the 
intermediate  reduction  of  temperature.  In  general  practice,  the  resultant 
efficiency  rarely  exceeds  30  per  cent. 

Af.  PiuarcVs  illustratioti. — M.  Piccard'  happily  illustrates  by  examples 
the  difference  ot  the  conditions  and  the  efficiency  of  the  work  of  compressed 
air,  in  three  cases,  for  which  he  adopts  the 
initial  temperature  32°  F.  He  supposes  that, 
in  the  ist  and  2d  cases,  the  pressure  and 
temperature  are  raised  adiabatically  during 
compression;  and  that  the  temperature  re- 
lapses to  the  normal  point,  32°  F.,  before 
the  air  is  applied  to  work,  illustrated  by 
Figs.  350  and  351;  and,  in  the  3d  case, 
that  the  temperature  is  constant  at  32^^  F.,  0 
whilst  the  air  undergoes  compression  iso- 


thermally;  Fig.  35a. 


Fig.  350.  —  ist  case — 
ConpressoD  Adiabatically. 


Pig.  3$t.^-«d 
CompieHioii  Adiabadcally. 

HlatirtfaM  of  AdialMtic  and  iMdwnnal 


Fjg.  35a.— 3d  case— 
Compfcsnon  IsotheiuMlly. 

of  Air:  widi  Adiabatic  Expamion. 


ist  case: — Air  compressed,  cooled,  and  expanded  within  the  same 
cylinder,  without  any  reservoir.  2d  case,  Compressed  air  cooled  in  a 
reservoir.  3d  case,  ^  cooled  during  compression.  The  pressure  to  which 
the  air  is  compressed  is,  in  each  case,  6  atmospheres;  whilst  the  final 
volumes  to  which  it  is  compressed,  taking  the  initial  volume  as  i,  are, — 

*  "Du  Rendement  de  I'Air  Comprime,"  BuUtlin  de  la  i^uU  yaudoise  dcs  Jnginiturs  et 
des  ArekUictet,  Janct  1876,  jpage  10;  abstracted  in  the  ProueMngs  of  the  InsHUtUim  of 
CwU  Etiipment  vol  xW.,  1875-76,  page  373. 
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FindVohme.  '^"voiumi"^           Dwini  die  Im^nd 

I  St  case,...  0.281  or      1/3.5      pressure  falls  to  3.56  atmosphofcs. 

2d  case,..,  0.281  or        V3.5       ^^^^  volume  reduced  to  '/e  initiaL 

3d  case^...  0.167  ox       s/6       pressure  and  volume  stationary. 

The  final  pressures^  volumes,  and  temperatures  are  subjoined;  and  to  these 
are  added  the  efficiency  for  each  case,  or  the  ratio  of  tiie  useful  work  done 
to  l^e  work  expended  in  producing  the  supply  of  compressed  air: — 

i>H'!!!^..       vli^^  *      1  cmpenuurc.  fifRdencjr. 

Pre«ure.       Vohuae.  Compfwsloii  =  t. 


Aimospheres.  Totalsi. 

ist  case,          I    J69    - 1 19*^  F.    36.4  per  cent 

2d  case,   i   595    -168    59.2  ^ 

3d  case,   I   595    -168    78.0  „ 

m 

Ordinary  practical  conditions  osctUate  between  cases  2  and  3;  and  it 
is  clear  that,  the  more  the  air  is  cooled  during  tiie  process  of  compression, 
the  less  is  the  expenditure  of  work  on  compression,  and  the  greater  is  the 
resultant  efficiency.  M.  Piccard  gives  the  following  for  the  res|)ecti\'e 
efficiencies  for  various  pressures: — in  the  3d  case,  and  in  the  case  when 
the  air  is  admitted  for  the  whole  of  the  stroke,  without  expansion : — 


Pressures.  Efficieocy  in  the  jd  Cms.  Eflicieiicy,  without  ExponiioB. 

atmospheres.  per  cent.  per  cent. 

I    100    100 

^  ^  ««••■•••••••««••••  82.4  54*' 

6      •••«•••••••      •       ^S*o      «•••«•*•■••«•  ^|i6«o 

8      «««••»••••»•••••«•       7S*^  ^Svi 

10    72.9    39.1 

It  may  be  inferred  that,  under  every  condition,  the  efficiency  is  reduced 
as  the  pressure  is  multiplied. 

Compression  and  Expansion  of  Moist  Air. 

M.  Mallard  has  investigated  the  influence  of  moisture  in  air  upon  the 
variations  of  temperature,  and  on  the  work  of  compression  or  expansion. 
The  principal  results  of  the  investigation  are  here  given.  It  is  assumed 
that  the  vapour  generated  from  the  moisture  is  always  in  the  condition 

of  saturation. 

Temperature  in  Compression, — The  rise  of  temperature  is  much  less  when 
moisture  is  present  in  the  air,  than  when  the  air  is  dr}',  and  is  compressed 
adiabatically.  Atmospheric  air  at  68^  F.  initial  temperature,  when  com- 
])ressed  to  7  ^  2  atmospheres,  rises,  if  dry,  to  490'^  F.;  and,  if  sufficiently  moist, 
to  194^  F.  only. 

Work  for  CompressUm* — The  work  is  the  same  for  drjr  air  and  moist  air 
«t  68^  F.  when  compressed  to  \%  atmospheres.  For  a  less  degree  of 
compression,  it  is  rather  less  for  dry  air;  but  fear  higher  compressions,  it  is 
less  for  moist  air.    For  7^  atmospheres,  it  is  14  per  cent  less. 

Proportion  of  Moisture  in  Saturation. — The  weight  of  saturated  vapour 
in  moist  air  at  68°  F..  compressed  to  from  i  J4  to  lYi  atmospheres,  is  from 
2^  to  6|2  i)er  cent,  of  the  weii^ht  of  the  air. 

Particulars  of  the  compression  of  air,  dry  and  moist,  are  given  in 
table  No.  311  :— 
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Table  No.  311. — Compiuession  of  Air,  Dry  and  Moist. — Temperature 

AND  Work. 


(Deduced  from  M.  Mallard's  data.) 


I 

( 

Final  Teini 

H.-r.itiircs  for  (1 

1 

Mill  urc 

Final 

Cuiiiiirc^Mon.  1 

Work  bxpcudcd  in  Cora- 

Keijuircd  to 

P)rciMiics« 

ptessing  t  pound  of  Air. 

Produce 

inituu  lempcrature=6b  rahr. 

Saturation  in 

imnai  jres* 

Diins  01  mc 

sure  =  t 

Air  with 

Air  with 

Weight  of 

Atmoapihcfa. 

l>ry  iUr. 

SuiRcteiU 

Dry  Air. 

aumcieni 

the  Air  Com. 

MoLittiK. 

Moisture. 

■liiMHiilirm 
*  /» 

Fahr. 

Fahr. 

fbot<iioiiBdi. 

fiBofr^omds. 

ptroanL 

133** 

94' 

I3,3<» 

13,200 

2 

185 

III 

23.500 

22,500 

30 

229 

1245 

30,500 

29,000 

3.6 

266 

135-5 

37,000 

35»ooo 

4.0 

u 

300 

145.4 

43,200 

40^500 

4^ 

4.8 

330 

153.5 

48,500 

45,000 

357 

161.6 

53,600 
58,500 

40.000 

5.1 

3«3 

167 

52,500 
56,500 

5.4 

u  i 

407 

173 

1  03f200 

V 

6 

428 

179 
184 

67,000 

60,000 

6>^ 

440 

71,000 

6.2 

7 

470 

190 

75,000 

()6,ooo 
68,300 

6.4 

7K 

490 

194 

J  78,300 

6.6 

fVorJis  in  Expansion  -  There  is  a  slight  gairi  in  work  done,  by  the 
presence  of  vapour  in  the  air,  in  a  State  of  saturation;  but  it  may  be 
neglected  in  ordmary  calculations. 

Table  No.  312. — Expansion  of  Air,  Dry  and  Moist. — 

Temperatures. 


(Reduced  from  M.  Mallard's  data.) 


Tempmturet. 

Ratio  of  Ejqtannoo. 

FinaL 

Initial. 

Dry  Air. 

Air  with  Suffi- 
cient Moisture. 

Fahr. 

32° 

32 

32 

32 

32 

32 

32 

32 

32 

32 

32 

32 

32 

Fahr. 

40^ 

50 
60 
62 

68 

70 
80 
90 
100 
1 10 
120 
130 
140 

ratio. 

1  1.05 

'•'3 
1.22 

1.23 

1.28 

1.30 

'•37 
1.47 

1.57 

1.67 

1.76 
1.88 

2X)0 

ratio. 

I.IO 

1.24 

1.3S 
I.41 
1.50 
1.56 

«-75 
2.00 

2.28 

2.63 
3.00 

345 
4.00 

AS 
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Temperature  in  Expansion. — When  moisture  is  present  in  air  in  the 

condition  of  saturation,  the  fall  of  temperature  during  expansion,  is  greatly 
less  thin  what  takes  place  when  dry  air  is  expanded.  That  a  compressed- 
air  engine  may  work  without  the  freezing  of  any  moisture  or  va]JOur  in  the 
air,  it  should  not  exhaust  at  a  temperature  lower  than  the  freezing  i^oint. 
Table  No.  312,  page  913,  shows  a  few  examples  of  the  maximum  ratio  of 
expansion  that  may  be  practised,  with  given  mitial  temperatureSi  when  the 
final  temperature  is  to  be  32^  F. : — 

The  table  shows  iJiat  air  at  120^  F.  may  be  introduced  into  the  cylinder 
at  a  pressure  of  3  atmospheres,  and  expanded  to  atmospheric  pressure, 
without  risk  of  interference  from  the  freezing  of  moisture;  whilst  with  dry 
air.  the  maximum  pressure,  under  the  same  condition,  is  only  1.76  atmo- 
spheres. 
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MACHINERY  FOR  COMPRESSING  AIR,  AND  FOR  WORKING 

BY  COMPRESSED  AIR. 

Compression  of  Air  by  Water  at  Mont  Cenis  Tunnel  Works 

(COMPRESSEURS  X  COLONNE  D'EAU).* 

The  motive  power  was  derived  from  the  fidl  of  a  column  of  water,  having  a 
head  of  85^  feet,  acting  on  the  principle  of  a  hydraulic  nun,— the  water,  by 
the  power  of  its  fall,  compressing  a  given  quantity  of  air  at  each  stroke. 
There  were  1 1  rams,  to  each  of  which  the  water  was  conducted  from  the 

reservoir  by  a  24-inch  pipe.  Ka(  h  ram  mack-  from  2^2  to  3  strokes  per 
minute,  ami  the  air  was  comjjressed  to  6  atmospheres  of  total  pressure. 
The  volume  of  air  at  atmosi)heric  ])ressure,  shut  in  and  compressed  for 
service  at  each  stroke  of  the  ram,  was  measured  by  a  column  in  the  air-limb 
of  the  pipe,  2.04  feet  in  diameter  and  14.1  feet  high,  making  a  volume  of 

46.1  cubic  feet  of  atmospheric  air,  or  (46.1-^6  = )  7.68  cubic  feet  of  com- 
pressed air.   The  volume  of  compressed  air  for  a  ^  strokes  per  minute  was 

19.2  cubic  feet  per  minute.   The  net  horse-power  is 

[  (6x  15)  X  144  X  19.2  X  hyp  log  6]4-33ooo  =  13.51  horse-power. 

The  total  expenditure  of  power  in  the  water  for  generating  compressed 
air  was, — 

2.04^  X.  7854  X  14.1  x62>^  lbs.  X  85    feet  X  2>^  strokes  -  ,g  e  h  p 

33000 

The  efficiency  was,  thus,  equal  to  73  per  cent. 

Compression  of  Air  i?v  Dirkct-action  Steam-Pumps. 

In  the  temporar)'  machines  used  at  the  works  for  the  St.  Gothard  tunnel, 
the  steam-piston,  19.7  inches  in  diameter,  was  lixed  to  the  same  rod  with 
the  air-piston  of  17.73  inches,  with  a  stroke  of  4  feet.  The  air-pumps 
worked  in  water.  The  minimum  number  of  double  strokes  per  minute 
was  5,  but  the  machine  could  make  20  per  minute.  In  compressing  air 
to  3  atmospheres,  the  efficiency,  according  to  the  indicator-diagrams,  was 
84  i)er  cent 

These  pumps  have  been  replaced  by  others  on  CoUadon's  system,  in 
whirh  the  air-cylinder  is  kejjt  cool  by  exposing  every  piece  that  is  in  contact 
with  the  air  when  undergoing  compression,  to  currents  of  <  old  water.  The 
pump  makes  90  revolutu)ns  ])tr  minute,  and  is  maintained  sufficiently  cool 
in  compressing  air  to  8  atmospheres  of  ])ressure. 

>  Simms'  J^actkal  TuntftUing,  3d  edition,  1877,  page  261. 
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COMPRESSKD-AiR   MaCUIN'KRV   AT   PoWELL  DUFFRVN   Coi  I  IKRIES.* 

This  machinery  was  constructed  by  Messrs.  J.  Fowler  0\:  Co.,  for  Sir  deorge 
Elliott.  There  is  a  pair  of  horizontal  air-compressing  engines  connected  to 
one  siuiti,  tlie  steam-cylinder  and  the  an-cylinder  being  in  one  line,  on  the 
same  rod.  The  steam-qrynders  are  34  inches,  and  the  air-cyiinders  40  inches 
in  diameter,  with  a  stroke  of  6  feet  The  engine  is  worked  with  steam  of 
70  lbs.  effective  pressure,  cut  off  at  one-fourth,  and  is  fitted  with  Cornish 
steam-  and  exhaust-valves,  8  inches  and  9  inches  in  diameter.  The  engines 
make  20  turns  per  minute,  giving  240  feet  of  piston  per  minute,  to  indicate 
482  horse-])ower,  against  a  pressure  of  air  of  40  lbs.  per  square  inch  above 
the  atmosphere.  The  air-cylinders  are  immersed  each  in  a  cold-water 
bath,  open  at  the  upper  side. 

Experiments  were  made  with  a  double-cylinder  air-compressing  engine, 
similar  in  arrangement  to  the  above,  having  16-inch  cylinders  for  steam  and 
for  air,  of  30  inches  stroke,  with  an  air-recdver  5  feet  in  diameter  and  24 
feet  long.  The  steam  was  cut  off  at  80  per  cent  The  air-engine  was  an 
ordinary  semi-portable  engine,  having  two  lo-inch  cylindecs  of  12  inches 
stroke,  cutting  off  at  three-fourths.  The  air  from  the  receiver  \vas  led 
into  and  passed  ihrougli  the  boiler  of  the  portable  engine,  and  was  thereby 
cooled  down  to  within  5^  of  the  atmospheric  temperature  before  it  i)assed 
into  the  cylinder.  The  principal  results  ot  the  trials  are  quoted  from  the 
paper  and  given  in  table  No.  313;  in  which  the  two  lines,  7  and  12,  have 
been  calculated  and  added  by  the  author. 

Table  No.  313.  —  Air-Comprkssinc.  Knc.ines,  and  Compressed-Air 
Engines,  ai  Powell  Duefrvn  Colliery — Re.sults  of  Trials. 


Pressure  of  Air  in  Receiver,  Effective,  lbs.  !  40.0  34.0 


I. 
2. 

3. 
4- 
5- 

6. 

7- 
8. 

9. 
10. 

II. 
12. 


Effective  mean  pressure  instcam-cylindcrs,  lbs. 
Do.  do.         air-cyluulers,.  ...lbs. 

Speed  of  piston,  per  minute,  feet 

EfTectivc  iiican  |)rcssurc  in  air-engine,  lbs. 

Speed  of  piston,  per  minute,  feet 

Air-compressing  engine — 

In  sleam-cyliiulcr  (A),  I.  H.  P. 

In  air-cylinder  (H),  ••   l.H.K 

Air-engine,  cvlmder  (C)  l.H.P. 

Do.,       brake  (D),  H.P. 

Efficiency  of  H  in  parts  of  A,  pi  r  cent. 

Do.       C       „       A,  percent. 

Do.      B      „       A,  percent 


26.3 
24.0 
190 
35-6 
108 


59.4 
52.6 

18.3 
15.3 

,0.8 

7-7 


«4 


Toinl  I're'^Mire  in  receiver,  atmospheres 

Acm.nl  lin.il  volume  in  air — cylinder  of  com- 
pressing engine,  initial  voL  mtt 

15.  Final  volume  according  to  the  adiahatic 

curve  initial  vol.  =  i 

16.  Final  volume  according  to  the  hyperbolic  , 

airve,  initial  voL  =r  i  < 

Actual  mean  pressure 

From  indicator-diagram,  ll>s. 

By  the  a<liabatic-curve,  lbs. 

19.       By  the  hyperbolic-curve,  lbs. 


3- 72 
.380 

.393 
.269 

24.0 
23.5 

19.3 


25.1 
22.7 

'55, 

29.8 

IQ4 

46.2 
40.7 
147 
12.5 

27.1 
31.8 
88.0 


2S.5 


3.31 
.425 

.427 

.309 

22.7 

2I.I 
17.6 


21.5 
'95 
140 
24.7 
104 

35-8 
32.2 

12.2 

10.2 

28.5 

34. » 

89.8 


2.94 
.470 

•465 

.340 

'2-5 
18.6 

159 


10  7 
16.5 
110 
21.0 
108 

25.8 

21.7 
10.8 
9.0 

.>4-9 
41.9 

843 

2.63 
.518 

•503 
.380 

16.5 
16.4 
14.2 


«9 


16.6 

60 

17.0 
88 

11.8 

10. 1 

71 
5-4 

60.2 
i^5-4 

2.29 

•575 

•555 

•437 

13.8 
12.2 


*  FrocemUit^s  0/  th*  ImtUuH&n  0/  Mechameal  Enpnten^  1874. 
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HOT-AIR  ENGINES. 

Engines  worked  by  heated  air  are  of  two  classes: — ist.  Those  in  which 
the  air  is  heated  and  cooled  ahernately  by  contact  with  hot  and  cold 
surfaces;  and.  2d,  those  in  which  the  air  is  mixed  with  the  hot  products  of 
combuitiou  when  heating  surface  is  not  used. 

1ST  Class. — ^Rider's  Hot-Air  Engine. 

In  this  engine,  which  is  called  a  compression-engine,  two  single-acting 
Cjriinders  are  placed  vertically,  a  little  apart,  connected  at  the  upper  part 
by  a  regenerator  composed  of  thin  plates.  One  of  these  is  the  working 
or  hot  cylinder,  under  which  a  fire  is  maintained,  the  other  is  the  air-pump, 
or  cold  cylinder,  surrounded  by  water  to  cool  the  air  which  is  drawn  into 
it,  and  which  is  pumped  back  into  the  hot  cylinder.  The  plungers  of 
these  cylinders  are  worked  by  cranks  placed  at  an  angle  of  95''  on  a  shaft 
overhead.  The  working  plunger  of  the  i  horse-power  engine  has  a  dia- 
meter of  6?i|'  inches,  with  a  stroke  of  9^^  inches;  the  pump-plunger  is 
6^  inches  in  diameter,  with  a  stroke  of  8.6  inches. 

"  The  compression  (pump)  piston  first  compresses  the  cold  air  in  the 
lower  part  of  the  compression-cylinder  into  about  one-third  of  its  normal 
volume,  when,  by  the  sidvancing  or  upward  motion  of  the  power  (working) 
piston,  and  the  completion  of  the  down-stroke  of  the  compression-piston, 
the  air  is  transfened  from  the  compression-cylinder,  through  the  regenerator, 
and  into  the  heater,  without  any  appreciable  chanLH'  of  volume.  The  result 
is  a  greater  increase  of  pressure,  corresponding  to  the  increase  of  tcniperaiure, 
anfl  this  imj)els  the  power-piston  up  to  the  end  of  its  stroke.  The  j)ressure 
still  remaining  in  the  power-cylinder,  and  reacting  on  the  compression- 
piston,  forces  the  latter  upward  till  it  reaches  nearly  to  the  top  of  its  stroke, 
when,  by  the  cooling  of  the  charge  of  air,  the  pressure  falls  to  its  minimum 
[about  atmospheric  pressure],  the  power-piston  descends,  and  the  compres- 
sion again  begins.  In  the  meantime  the  heated  air,  in  passing  through  die 
regenerator,  has  left  the  greater  portion  of  its  heat  in  the  regenerator- plates, 
to  be  ])icked  up  and  utilized  on  the  return  of  the  air  towards  the  lienter." 

From  indicator  diagrams,  taken  at  120  turns  ])er  minute,  it  a]>pc;irs  that 
the  effective  mean  pressure  in  the  working  cylinder  was  16.S  11  >s.,  and  that 
in  the  pump  was  7.15  lbs.  per  s<}uare  mch.    Reducing  the  pump-pressure 

8  6 

in  the  ratio  of  the  strokes,  it  becomes  7.15  x  -  ==^6.47  lbs.;  then  (16.8 

9-5 

-  6.47  - )  10.33  l^s*  V^^  square  inch  is  the  net  effecdve  pressure  on  the 
working  plunger,  from  which  the  power  is  to  be  calculated.  The  area  of 
the  plunger  is  35.78  square  inches,  and  the  net  indicator  horse-power  is — 

35.78  lbs.  X  10    lbs.  X  .80  foot  X  120^  ^^^^  horse-power. 

33*000 

It  is  stated  that  the  quantity  of  coal*  consumed  is  from  2  to  3  lbs.  per 

net  indicator  horse-power. 

An  engine  of     horse-power  was  tested  to  deliver  from  650  to  700  gallons 
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of  water  per  hour,  90  feet  high,  with  a  consumption  of  4  lbs.  of  coal  per 
hour.^  Taking  a  mean  of  675  gallons,  the  peiformance  is  equivalent  to 
(675x10  lbs.  X  90  feet-$-6o»)  10,125  foot-pounds  per  minute,  or  to 
( I  o,  1 2  5  -r  33,000  = ) .  30  7  horse-power  of  net  duty,  for  which  (4  lbs.  -r  .307  «  ) 
13  lbs.  of  coal  was  consumed  per  horse-power. 

2D  Class. — Belou's  Hot-Air  Engine  at  Cusset. 

The  air  is  supplied  by  a  feeding  cylinder,  i  metre  in  diameter,  with  i  ^3 
metres  of  stroke,  in  which  it  is  compressed,  and  from  which  it  is  discharged 
into  a  dose  furnace,  where  it  is  heated  by  the  combustion  produced  by  it 
Thence,  it  is  passed  to  the  working  cylinder,  1.4  metres  in  diameter,  with 
1 1 J  metres  of  stroke,  where  it  acts  with  full  pressure  and  expansively,  after 
which  it  is  exhausted  into  the  atmosphere.  These  cylinders  are  double- 
acting.  The  feeding  cylinder  draws  i  cubic  metre  of  air  at  each  stroke. 
The  furnace  is  inclosed  in  a  horizontal  cast  iiun  cylinder  ;  the  grate  is 
inclined,  and  has  an  area  of  .80  square  metre,  or  8.6  square  feet.  The 
greater  portion  of  the  air  passes  through  the  grate.  The  engine  makes  - 
23  turns  per  minute,  giving  a  speed  of  pistons  of  225  feet  per  minute.  The 
temperature  in  the  chimney  is  480°  F. 

The  absolute  pressure  in  the  feeding  cylinder,  is  raised  to  1.94  atmo- 
spheres, for  which  the  period  of  compression  is  51.5  per  cent,  of  the  stroke. 
In  the  working  cylinder,  the  initial  pressure  is  1.68  atmospheres;  the  air  is 
cut  off  on  the  upper  side  at  39  per  cent,  of  the  stroke,  and  expanded 
exactly  to  atmosplieric  i)ressure  at  the  end  of  the  stroke;  on  the  lower  side, 
the  admission  is  longer,  to  compensate  for  the  weight  of  the  piston — about 
2  tons.  The  difference  of  the  pressures,  ( 1.94  -  1.68  » )  .26  atmosphere,  or 
3.8  lb&  per  square  inch,  represents  the  resistance  in  the  furnace  and  the 
passages.  The  average  effective  pressures  are,  in  the  feeding  cylinder, 
9.4  lbs.,  and  in  the  working  cylinder  7.13  lbs.  per  square  inch;  yielding 
respectively  80,62  and  119.74  indicator  horse-power.  Thus,  it  is  seen  that 
two-thirds  of  the  working  indicator  power  is  expended  in  supplying  air 
to  the  working  cylinder.  Allowing  only  10  per  cent,  of  the  indicator  power 
for  general  resistances,  and  so  reducing  it  to  107.77  horse-power,  the  net 
useful  work  is  107.77  -80.62  =  27.15  horse-power,  which  is  22.67  per  cent, 
of  the  indicator  power. 

The  quantity  of  coal  consumed  is  88  lbs.  per  hour,  being  at  the  rate  of 
.73  5  I])s.  per  indicator  horse-power,  or  3.24  lbs.  per  net  horse-power,  as  at 
the  brake.^ 


GAS-ENGINES. 

Gas-engines  are  worked  by  the  explosion  of  a  mixture  of  coal-gas  and  air, 
which  acts  on  a  piston  within  a  cylinder.  They  may  be  double-acting  or 
single-acting,  and  the  explosion  may  be  effected  by  means  of  an  electric 
battery,  or  of  lighted  jets  of  gas  placed  in  communication  with  the  mixture. 

'At  the  meeting  of  ilie  Ko)al  .\gticultliral  Society  at  Birmingham;  Messrs.  Erxstons 
and  Anderson,  Kn^'ineers. 

*See  the  Antia/e;  du  Cou  -n-  atcire  dcs  Arts  ft  Mi'ticv!,  vol.  vii.,  for  fuU  parliculan  of 
Belou's  engines.    The  data  above  given  are  drawn  from  this  source. 
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Lenoir's  Double-acting  Gas-Engine. 

Two  horizontal  engines  of  this  kind,  fired  by  electricity,  were  tested  by 
M.  Tresca.^  During  a  part  of  the  stroke,  the  gas  and  air,  in  fixed  propor- 
tions, are  admitted  into  the  cylinder,  and  then  exploded  by  an  electric 
spark.  By  the  explosion,  heat  and  pressure  are  generated,  and  the  pressure 

acts  on  the  piston  during  the  remainder  of  the  stroke.  During  the  return- 
stroke,  the  gaseous  products  are  exhausted  into  the  atmosphere;  whilst  the 
explosive  action  takes  i)lace  on  the  other  face  of  the  i)ision.  The  heat  of 
the  cylinder  is  reduced  by  a  contuiuous  current  of  cold  water  applied  on 
the  outside. 

In  the  first  engine,  the  cylinder  was  7.1  inches  in  diameter,  with  a  stroke 
of  4  inches.  The  mixture  of  gas  and  air  was  cut  off  at  half-stroke,  and  the 
maximum  absolute  pressure  in  the  cylinder  was  a  little  less  than  6  atmo- 
si^res.  The  average  speed  of  the  engine  was  139  turns  per  minute, 
giving  a  speed  of  piston  of  153  feet  per  minute.  The  power  measured  by 
the  brake  was  .57  horse-jiower,  and  the  (juantity  of  gas  consumed  amounted 
to  112  cubic  feet  ])er  brake  horse-power  per  hour.  The  gas  and  air  were 
mixed  in  proportions  of  i  to  10.  Fifty-three  per  cent,  of  the  heat  gener- 
ated in  the  cylinder  was  carried  off  by  the  water  outside.  The  combustion 
of  the  gases  was  very  nearly  complete. 

For  the  second  trial,  the  engine  had  a  cylinder  9^  inches  in  diameter, 
with  a  stroke  of  4  ^  inches.  The  weight  of  the  engine  complete  was 
14  cwts.  The  speed  ot  the  engine  was  100  turns  per  minute,  giving  158  feet 
of  piston  per  minute.  The  period  of  admission  was  a  little  more  than  half- 
stroke,  and  the  maximum  absolute  pressure  was  5.36  atmosjiheres.  The 
quantity  of  gas  consumed  amounted  to  97  cubic  feet  per  brake  horse-i)Ower 
per  hour;  the  power  developed  at  the  brake  being  about  i  horse-power. 
The  gas  and  air  were  mixed  in  the  proportion  of  i  to  1 1 1^ ;  and  the  volume 
of  gas  admitted  for  each  stroke  was  24}^  cubic  inches,  the  heat  of  combus- 
tion of  which  is,  according  to  M.  Tresca,  96  English  units.  It  is  not  sur- 
prising that  the  temperature  and  the  pressure  after  explosion,  are  lowered, 
as  is  shown  by  diagrams,  almost  instantaneously  by  contact  with  the  metal; 
and  it  is  for  this  reason,  probably,  that  the  stroke  is  made  so  short  in  pro- 
portion to  the  diameter.  The  (quantity  of  water  consumed  for  cooling  the 
cylinder  amounted  to  4 1^  cubic  feet  per  horse-power  per  hour,  the  temper- 
ature being  raised  140*  r. 

M.  Tresca  has  estimated  the  distribution  of  the  heat  generated  in  the 
cylinder  as  follows : — 

Heat  carried  off  by  the  water  and  the  products  of  combustion,  69  per  cent. 

Heat  converted  into  work  at  the  brake,   4  „ 

Losses,  not  estimated,  27  „ 


100 

The  net  efficiency  at  the  brake  is  thus  taken  as  4  per  cent 

Otto  and  Langen's  Atmospheric  Gas-Engine — SiNOLE-AcriNa 

In  this  engine,  the  cylinder  is  vertical,  open  to  the  atmosphere  at  the  upper 
end ;  it  has  a   free  piston,"  its  principal  feature,  which  is  impelled  upwards 

*  Annaks  du  Couservaiffin  da  Arts  et  MHurs,  vol.  i.,  1861,  page  894. 
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against  the  atmosphere,  by  the  explonon  of  gaa  below  it  The  stress  of  the 

explosion  of  gas  is  intense,  but  momentary,  and  the  free  piston  mounts 
instantly  and  quickly  against  the  atmospheric  resistance,  whilst  yet  the 
explosive  force  continues.  Thus  the  explosive  force  is  utilized  efficiently, 
and  the  power  is  derived  from  the  pressure  of  the  atmos})here,  by 
which  the  piston  is  driven  downwards  against  the  partial  vacuum  formed 
under  the  piston  by  the  collapse  of  the  gaseous  products.  To  cool  and 
contract  the  gases,  the  lower  half  and  the  bottom  of  the  cylinder  are 
jacketed  with  cold  water.  The  piston-rod  is  formed  as  a  rack,  and  gears 
into  a  pinion  loose  on  the  Ay-wiMel  shaft.  The  pinion  tarns  loose  with  the 
rack  during  the  ascent,  but,  during  the  descent  it  engages  with  and  turns 
the  shaft  by  means  of  a  friction-clutch,  making  two  revolutions  during  one 
descent  The  routine  of  the  engine  is  as  follows: — i.  The  piston  is  lifted 
through  '  ,,th  of  the  stroke  to  receive  the  charge  of  gas  and  air.  2.  The 
mixture  is  lircd  by  a  gas-light,  3.  The  piston  makes  the  up-stroke.  4.  The 
plenum  under  the  piston  becomes  a  vacuum  of  22  inches  of  mercury,  at 
the  beginning  of  the  down-stnAe.  5.  The  down-stroke  is  made  under  an 
eflfective  pressure  of  1 1  lbs.  per  square  inch,  and  the  force  is  transmitted 
to  the  shaft.  6.  When  the  piston  arrives  near  to  the  bottom,  the  vacuum 
becomes  a  plenum,  by  compression  of  the  gases;  and,  by  the  weight  of  the 
piston  and  rack,  the  gaseous  products  are  ex]>clled  from  the  cylinder.  The 
intermittent  motion  is  workeid  by  a  tappet  on  the  rack  to  raise  the  piston 
for  the  next  charge. 

Accordmg  to  Mr.  Crossley,^  for  a  }4  horse-power  engine,  the  cylinder  is 
6  inches  in  diameter,  with  a  stroke  of  40  inches;  and  the  explosions  are 
made  at  vailoas  rates  up  to  that  of  30  per  minute.  The  mixture  consists  of 
6}4  volumes  of  air  to  i  volume  of  coal-gas.  He  takes  the  heating  power 
of  I  lb.  of  coal-gas,  of  density  .40,  at  24,000  units  of  heat;  and,  for  a  con- 
sumption  of  1.05  cubic  feet  of  gas  per  minute,  the  heat  supplied  to  the 
engine  is  equivalent  to  584,000  foot-pounds,  of  which  70,000  foot-pounds, 
or  12  per  cent.,  is  yielded  at  the  brake.  The  power  at  the  brake  is 
(70,000  -  33,000  ^  )  2.1  2  horse-power,  and  the  consumption  of  gas  is  at  the 
rate  of  (1.05  x  60  -r  2.12  =  )  30  cubic  feet  per  horse-power  at  the  brake  per 
hour.  From  indicator-diagrams,  it  appears  that,  in  the  down-stroke,  the 
effective  pressure  varies  from  1 1  lbs.  per  square  inch  to  zero  at  four-fifths  of 
the  stroke,  averaging  9  lbs.  for  four4Sfihs,  or  about  7  lbs.  for  the  whole  of 
the  stroke. 

M.  Tresca^  tested  a  6-inch  single-acting  gas-engine,  in  which  the  power 
at  the  brake,  making  81  turns  per  minute,  was  .456  horse-power.  The  gas 
consumed  per  hour  was — 

Per  Minute.  Brake  Horse-power 

(  CI  .Mimitc. 

For  work  in  cylinder,   20.09  cubic  feet.        44  0^  cubic  feet. 

For  inflaming,   2.08       „  4.57  „ 

22,17       „  48-63  „ 

The  water-jacket  absorbed  only  800  English  units  of  heat  per  hour. 
M.  Trcsca  allows  a  heating  power  of  only  6000  French  units  per  cubic 

*See  a  paper  by  Mr.  F.  W.  (  ru^sley,  on  "Otto  and  Langen's  Gas-Ei^iae,*'  in  the 

Proce(iIi>t[^s  of  the  /nsfitution  ofM  .  •uinical  Eu  ^uurrs,  1S75,  page  191. 
^  AnnaUs  du  Conservatoire  ucs  ArU  et  AlfUcrs^  vol.  vii.,  page  028. 
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metre  of  coal-gas,  equivalent  to  (6000  x  4  x  ^  = )  21,000  English  units  per 

35 

pound  of  30  cubic  feet,  in  round  numbers.  The  quantity  of  beat  generated, 

according  to  this  allowance,  was,  then,  (2 1,000  x-  =)  14,000  units  per 

30 

hour.  The  work  at  the  brake  was  (.456  x  33,000  x  60  4*  772  « )  1 1 70  units 
per  hour,  which  represents  an  effidency  of  (i  170  x  loo-r  i4,ooo» )  8.4  per 
cent 

The  Otto  Gas-Engine. 

Whilst  the  Otto  and  Langen  atmospheric  gas-engine  superseded  the 
Lenoir  gas-engine,  it  was  in  its  turn  superseded  by  the  "Otto  Silent 
Gas-engine,"  the  invention  of  Dr.  Otto,  of  Deutz:  called  silent  in  com- 
parison with  other  gits-engines,  but  now  known  as  the  Otto  Gas-engine. 
A  novel  and  important  feature  was  the  compression  of  the  explosive 
mixture  before  being  fired:  effecting  economy  of  gas  by  increase  of 
efficiency,  and  faciHtating  the  use  of  engines  of  greater  power  than 
before.  Constructed  by  Crossley  Brothers,  Manchester,  the  Otto  engine 
is  horizontal  in  its  disposition,  resembling  generally  a  steam-engine.  It  is 
single-acting,  having  the  cylinder  open  at  one  end,  with  a  trunk-piston. 
The  cyde  of  operations  is  fourfold:  in  the  first  out-stroke  a  charge  of  gas 
and  air  in  mixture,  in  the  ratio  of  i  to  16,  inchiding  the  burnt  gases,  is 
drawn  in;  and  in  the  first  in-stroke,  following,  the  chart^e  is  compressed 
until  it  reaches  a  pressure  of  35  lbs.  ptr  sijuare  inch;  at  the  beginninn  of 
the  second  out-stroke  the  coinj)re.sscHi  charge  is  ignited  and  exploded,  and 
acts  on  the  piston  for  propulsion,  during  this,  the  working  stroke;  by  the 
second  in-stroke  the  gaseous  pnxlucts  of  combustion  are  expelled  from  the 
cylinder.  Thus  there  are  one  chaige  and  one  e}q>losion  for  every  four 
single-strokes,  or  two  double-strokes  or  revolutions.  Strictly,  therefore,  the 
engine  is  half  single-acting;  and  a  heavy  fly-wheel  is  necessary,  to  work  the 
piston  through  the  negative  part  of  the  cycle.  The  cylincier  serves 
alternately  as  a  compression-pump  and  as  a  motor-cylinder.  It  is  jacketed 
with  cold  water  to  prevent  overheating,  although  it  is  estimated  that  a 
loss  of  42  per  cent  is  thus  incurred. 

The  ignition  of  the  charge  has  been  efifected  by  means  of  a  slide*valve, 
carrying  a  gas-jet,  kept  constantly  burning.  This  form  has  recently  been 
superseded  by  a  system  of  ignition  within  a  tube  opening  to  tiie  cylinder, 
cliaiged  with  a  strong  igniting  mixture.  Space  is  provided  for  the  com- 
pressed charge  by  a  prolongation  of  the  closed  end  of  the  cylinder.  The 
initial  pressure  in  the  ( ylinder  varies  from  I20  lbs.  to  190  lbs.  per  square 
inch  above  the  atmosphere. 

The  Otto  engine  is  constructed  witli  a  single  cylinder,  of  various  nominal 
power,  of  from  ^2  h.p.  to  20  h.p.,  indicating  from  2  H.i'.  to  50  h.p.  ;  and 
with  double  cylinders,  indicating  from  16  h.p.  to  100  H.P.  The  12  if.H.P. 
engine  has  been  proved  to  develop  28  i.h.p.,  and  23  h.p.  at  the  break,  or 
82  per  cent  of  the  indicator  power;  with  a  consumption  of  20  cubic  feet  of 
gas  per  indicator  horse-power  per  hour,  or  24.3  cubic  feet  per  brake  horse- 
power. The  total  consumption  of  gas  was  at  the  rate  of  560  cubic  feet  per 
hour;  when  running  without  load,  100  cubic  feet  per  hour.  In  a  4  h.I'. 
engine,  23.3  cubic  feet  was  consumed  per  brake  horse-power.    In  the  use 
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of  Dowson  gas  instead  of  ordinary  coal-gas,  i  }i  pounds  of  anthiacite  coal 
is  consumed  per  indicator  horse-power  per  hour.  The  consumption  has 
occasionally  heen  only  i.i  pounds. 

Clerk's  Gas-Engine. 

The  gas-engine  of  Mr.  Dugald  Clerk  is  single-acting.  A  charge  is 
exploded  at  every  out-stroke,  the  mixture  of  gas  and  air  being  as  i  to  9. 
admitted  for  the  lirst  half  of  the  stroke.  During  the  second  half-stroke 
pure  air  is  admitted.  In  order  to  effect  the  explosion  at  every  out-stroke 
a  displacer  cylinder  is  employed,  and  the  charged  air  is  compressed  till  it 
attains  a  pressure  of  38  lbs.  per  square  inch,  when  it  is  exploded  and  bums 
during  the  out-stroke.  The  exhaust  takes  place  near  the  end  of  the  stroke, 
and  as  the  piston  returns,  the  pure  air  of  the  charge  is  exhausted  through 
the  pipe,  which  is  cooled. 

GASEOUS  FUEL. 
The  Wilson  Gas-producer. 

The  Wilson  gas-producer,  introduced  by  Mr.  Bernard  Dawson,  is  an 
upright  cylindrical  chamber  of  firebrick,  having  a  solid  hearth,  kept  nearly 
full  of  small  bituminous  coal.  A  mixture  of  air  and  steam,  comprising 
about  20  parts  of  air  to  i  part  of  steam  by  weight,  is  delivered  into  the  lower 
part  of  the  chamber,  the  air  being  induced  by  two  small  jets  of  steam  from 
a  steam  boiler.  The  fuel  is  resolved  into  combustible  gases,  hydrogen, 
carbonic  oxide,  and  hydrocarbons,  in  the  manner  of  the  ordinary  gas- 
furnace;  and  the  gases  ]»ass  through  a  number  of  openings  above  the  level 
of  the  fuel,  into  an  annular  llue,  whence  they  are  conducted  by  an  under- 
ground conduit  to  the  place  of  consumption.  The  fuel  is  charged  in  at  the 
top,  which  is  closed  by  a  pendulous  conical  valve  or  plug. 

As  applicable  for  supplying  heat  to  steam  boilers,  the  results  of  a  test- 
trial,  in  November,  1886,  at  Apsley  Paper  Mill,  Hemel  Hempstead,  con- 
ducted by  the  author,  may  be  noticed.  Four  Cornish  boilers  were  fitted 
with  two  4-cwt.  Wilson  gas-producers,  for  generating  steam  by  gas-firing. 
The  boilers  are  each  5)2  feet  in  diameter,  with  a  3-feot  furnace-tube,  and 
21  feet  long;  having  eight  (Galloway  tubes  in  each.  The  producers  stand 
side  by  side  in  an  open  yard  adjacent  to  the  boiler-house.  Each  producer 
is  cylindrical,  8  feet  in  diameter,  9  feet  high,  of  firebrick  cased  in  plate-iron. 
The  internal  hearth  is  5  feet  in  diameter,  having  20  square  feet  of  area,  the 
fuel  space  above  the  hearth  is  4}(  feet  deep,  and  the  gases  pass  through 
openings  into  the  annular  flue  surrounding  the  neck  or  upper  part  of  the 
furnace,  whence  they  are  conducted  underground  to  the  boilers.  Here  the 
supply  of  gas  to  each  boiler  is  regulated  by  means  of  a  valve.  The  gas  is 
delivered  through  the  doorway,  together  with  air,  into  the  furnace-tube,  and 
combustion  takes  place. 

The  four  steam  boilers  are  set  in  a  row.  No.  i  boiler  was  separated 
from  Nos.  2,  3,  and  4,  and  was  devoted  to  the  generation  of  steam  for 
supplying  the  blast  injector  attached  to  each  gas-producer.  The  three 
other  boilers  were  connected  for  the  supply  of  steam  to  the  factory.  The 
fcedwater  was  measured  separately  into  No  i  boiler.  The  coal  used  in  the 
producers  was  cobbles  from  Wyken  Colliery,  broken  up  by  hand;  charged 
into  each  hopper  about  four  times  per  hour. 
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The  leading  results  of  the  test-trial  are  as  follows;  and  for  comparison, 
the  results  of  a  six-days'  test  of  the  same  boilers,  which  had  previously  been 
made  with  hand-firing,  are  prefixed.  In  this  case,  the  fire-grates  were  4  feet 
8  inches  long,  presenting  an  area  of  14  square  feet  for  each  boiler. 


Hand'firiaff.  GM^ring. 

Coal  consumed  per  boiler  in  full  steam  per  hour,    163  lbs.  258.6  lbs. 

Water  evaporate  d       do.  do.  do.        14-93  cub.  ft.  24.94  cub.  ft. 

Water  per  pound  of  coal  from  and  at  212  F          6.79  lbs.  7.16  lbs.  (net) 


It  is  shown  that  the  boilers  in  full  steam  did  two-thirds  more  evaporative 
duty  by  gas-firing  than  by  hand-firing;  and,  with  5  I2  per  cent,  more  evapo- 
rative efficiency  net,  after  allowance  made  for  steam  consumed  in  blowing 

the  producers. 

It  is  also  shown  that  the  weight  of  steam  consumed  by  the  producers 
was  equal  to  8,29  per  cent,  of  the  total  quantity  generated  in  the  four 
boilers. 

The  total  evaporative  efficiency  of  the  boilers  with  gas-firing,  if  no  deduc- 
tion be  made  for  the  demands  of  the  producers,  is  expressed  by  6.56  pounds 
of  water  per  pound  of  coal,  or  an  equivalent  of  7.81  pounds  from  and  at 

212°,  which  is  (7. Si  -6.79  .98  pound,  or  14.4  per  cent,  more  efficiency 
than  was  obtained  by  hand-firing,  l  iiis  is  an  expression  of  the  absolute 
difference  of  efficiency  in  favour  of  gas-firing.  Ihe  practical  ditference, 
after  making  the  needful  allowance,  is,  as  above  stated,  5  V2  per  cent. 

At  intervals  no  smoke  was  visible  with  gas-firing;  and  there  is  no  good 
reason  why,  with  good  draught,  gas-firing  should  not  be  conducted  entirely 
without  smoke. 

Comparative  trials  have  been  made  at  Plas  Power  Colliery,  by  Mr.  John 
H.  Darby,  in  which  it  was  shown  by  the  best  result  that  a  greater  absolute 
evaporative  efficiency  was  attained  of  9.85  per  cent,  in  favour  of  gas-firing. 
The  following  was  the  average  composition  of  the  gases  produced: — 


Carbonic  acid   6.36 

Oxygen   0.00 

Hydrogen   14.68 

Carbonic  oxide   23.98 

Marsh  gas   4.72 

Nitrogen   50-36 


100.00 

The  Dowson  Generator  Gas. 

It  is  known  that  highly-heating  non-luminous  gases  can  be  produced  by 
decomposing  steam  in  the  ])resence  of  carbon:  passing  steam  and  air 
through  a  fire  of  incandescent  fuel.  Mr.  J.  Emerson  Dowson  j)ractises 
this  system;  and,  in  addition,  he  emi)loys  special  means  of  generating  and 
superheating  the  steam.  The  steam  producer  and  superheater  consists  of 
a  long  coil  of  tube,  of  such  a  form  that  nearly  all  of  it  is  exposed  to  the 
action  of  gas  flame.  Water  is  forced,  under  a  pressure  of  from  30  lbs. 
to  25  lbs.  per  square  inch,  into  the  coil,  in  which  it  is  converted  into 
superheated  steam.  The  gas  required  for  heating  the  coil  is  drawn  fit>m 
the  gas-holder.  The  retort  or  generator  is  of  iron,  lined  with  ganister. 
The  fuel,  anthracite,  rests  on  a  grate,  above  an  inclosed  chamber,  into 
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whkh  a  jet  of  superheated  steam  is  directed  through  a  small  opening 

carrying  \vith  it,  by  induction,  a  current  of  air  into  the  furnace,  for  combos' 
tion.  The  gas  produced  contains  by  volume,  approximately,  20  per  cent, 
of  hydrogen,  30  per  cent,  of  carbonic  oxide,  3  per  cent,  of  carbonic  acid,  and 
47  per  cent,  of  nitrogen.  The  gross  quantity  of  fuel  consumed  in  working 
Otto  Gas-engines  averages,  as  before  stated,  1.3  pounds  per  indicator  horse- 
power. Professor  VMtz,  of  Lille,  tested  a  9  horse-power  gas-engine  on  the 
DekuDare^Debouteville  system;  and  proved  a  consumption  of  89  cubic  feet 
of  the  Dowson  gpts,  or  1.33  pounds  of  coal  per  brake  horsepower  per  hour. 


FANS  OR  VENTILATORS. 

Common  Centrifugal  Fan. 

The  ordinary  fan  consists  of  a  number  of  blades  fixed  to  anns,  re- 
volving on  a  shaft  at  high  speeds.  It  appears  from  the  results  of  Mr. 
Buckie's  experiments,-  that  wh^  the  fan  is  revolved  in  its  case  without 

any  air  being  discharged,  the  pressure  generated  at  the  circumference 
of  the  fan  varies  as  the  S([uare  of  the  velocity  of  the  fan,  and  the 
horse-power  required  to  maintain  the  sjjeed  varies  as  the  cube  of  the 
velocity.  It  further  appears  that  the  pressure  generated  at  the  circum- 
ference is  one-ninth  greater  than  that  which  is  due  to  the  actual  circumfer- 
ential velocity  of  the  fan.   To  express  the  relation  of  the  pressure  and  the 

velocity  of  an  air-current,  the  height  due  to  the  velocity  is  /t^y-;  A  is  also 

64 

equal  to  the  height  of  a  column  of  air  equal  in  weight  to  the  pressure. 
The  velocity  due  to  the  pressure  may  thence  be  deduct  by  means  of  the 

ordinary  relation  v-%ijh. 

Mr.  Buckle  recommends  the  following  proportions  for  fans  of  ftom  3  to  6 
feet  in  diameter,  and  for  pressures  ranging  from  3  to  6  oz.  per  square 

inch 

The  width  and  length  of  the  vanes  equal  to  one-fourth  of  the  dia- 
meter. 

The  diameter  of  the  inlet  openings  in  the  sides  of  the  fim-chest  equal  to 
half  the  diameter  of  the  fan. 

For  higher  pressures,  of  from  6  to  9  oz.  and  upwards,  Mr.  Buckle 
recommends  that  the  vanes  should  be  narrower  and  longer,  and  the  inlet 

o|)ening  smaller,  than  are  prescribed  by  the  above  proportions.  He  gives 
the  following  table  of  dimensions.  The  number  of  blades  may  be  4  or  6. 
The  rase  is  UKule  of  the  form  of  an  arithmetical  spiral,  widening  the  space 
between  the  rase  and  the  rcNohing  blades,  circumferentially,  from  the 
origin  to  the  opening  for  discharge;  and  it  appears  that  the  upper  edge 
of  the  opening  should  be  level  with  the  lower  side  of  the  sweep  of 
the  fan: — 

'  En^iish  Afechank^  December  29,  1876,  page  387. 

'  1  \[  LrinRM>t>  Relative  to  the  Fan-Blast,"  Dy  Mr.  Buckle;  ProemUmgs  0/ the InstUm' 
tion  of  Mcchatticai  Enginters,  1847. 
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Table  No.  314.  —  Dimensions  of  Fans. 

(Mi;  Bndde.) 
Pressure,  from  3  to  6  oz.  per  square  inch. 


Diameter  ol 
Fans. 

Vaaei. 

Hiailietcr  of 

Width. 

....  . 

Length. 

Inlet  Opeaiagi. 

feet,  inches. 
3  'O 

3  6 

4  0 
4  6 

0 

feet,  indiea. 

0  9 

0  IO>^ 

f  t" 

1  v> 

1  1^ 

I  3 

feet,  iodiei. 

0  9 

0  \oyi 

1  0 

I  3 

feet,  inches. 
I  6 

1  9 

2  0 

2  3 

2  6 

?  0 

Pressure, 

3  6 

4  6 
6  0 

from  6  to  9  oz.  pe 

0  7 
0  8^4 
0 

0  10;^ 

1  0 
I  2 

r  square  inch,  anc 

I  0 
I  \% 

I  3K 

I 

I  6 
I  10 

1 

,  upwards. 
I  0 

1  I 

1  9 

2  0 

2  4 

Mine  Ventilators.^ — Guibal's  Fan. 

The  blades  are,  for  the  most  part  of  their  length,  straight ;  but  they  curve 
forwards  at  the  outer  ends.  They  are  fixed  on  polygonal  centres,  and  at  a  con- 
siderable backward  inclination — usually  45°, — to  the  radius.    The  wheel  is 

closely  surrounded  for  about  two  thirds  of  the  circumference,  by  a  casing  of 
brickwork;  for  the  remaining  third,  the  casing  gradually  opens  out  into  the 
discharge  vent,  which  expands  upwards  as  an  inverted  cone.  By  so  forming 
the  vent,  the  velocity  of  the  discharged  air  is  reduced,  and  converted  into 
outward  pressure,  by  the  action  of  which  tiie  velocity  through  the  fan  is  in- 
creased, and  the  efficiency  is  raised.  A  Guibal  fan,  working  at  $taveley 
Colliery,  is  30  feet  in  diameter,  and  10  feet  wide.  It  makes  60  revolutions 
per  minute  in  the  day.   The  following  are  particulars  of  its  performance : — 


Speed,  in 

Turns  i.)cr 

Minute. 

Draft  in  Inches 
of  Water. 

Volume  of  Air 
Discharged  per 

Efficiency,  in  paru 

of  the  Gtok 
Indicator  Power 
of  the  Engine. 

cubic  feet. 

per  cent. 

32 

.70 

43,852 

40.38 

51 

1.70 

86,283 

43-09 

64 

2.77 

101,773 

53-27 

68 

3.10 

110,005 

53.85 

'  These  particulars  of  mine-ventilators  are  derived  from  papers  on  "Ventilation  of  Mines," 
by  Mr.  J.  S.  E.  Swindell,  and  Mr.  W.  Daniel,  in  the  FroctecUngs  of  the  InstUution  of 
Afeckankal  EngiiMrs,  1869,  1875. 
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The  advantage  of  surrounding  the  fan  by  a  casing,  and  of  adjusting,  by 
means  of  a  slide,  the  size  of  the  opening  into  the  vent,  is  shown  by  the 
following  results  of  trials  at  a  mine  in  Belgium : — 

Gross  EflicieBcy. 

Without  casing,.   32  per  cent 

With  casing,   31  „ 

With  casing  and  expanding  vent,   57  » 

With  casing  and  expanding  vent,  and  with  i  ^ 
slide  adjusted,  ) 

These  are  the  efficiencies  in  parts  of  '*  the  gross  power  supphed  from  the 
boiler."  An  efficiency  of  60  per  cent  is  generally  obtained  by  this  venti- 
lator; equivalent  to  80  per  cent  of  the  net  power  of  the  engine. 


Cook's  Ventilator. 

This  is  a  positive  ventilator,  making  a  given  discharge  for  each  revolu- 
tion. It  consists  of  a  re\ulving  eccentric  within  a  circular  case,  against 
which  a  flap-valve  is  maintained  constantly  in  contact,  to  separate  the 
entering  current  from  the  oute;oin^  cunent  Two  ventilators  working  at 
Saltbum  have  casings  of  22  feet  m  diameter,  and  11  feet  6  inches  wide; 
the  eccentric  has  a  diameter  equal  to  two-thirds  of  that  of  the  casing, 
and  the  eccentricity  is  one  fourth  of  its  diameter.  The  period  of  inlet  and 
discharge  of  air  is  235^,  or  about  two  thirds  of  a  revolution.  Making  from 
26  to  29  turns  j)cr  minute,  with  a  draught  of  from  i  to  3.25  inches,  the 
efficiency  was  found  to  be  from  58.5  to  64  per  cent  of  the  indicator  horse- 
power. 

Blowing  Engines. 

Blowing  engines  of  recent  design  are  direct-acting,  the  steam-piston  and 

the  air-piston  l)eing  fixed  to  one  rod,  and  the  steam-  and  air-cylinders  in 
line.  There  is  a  pair  of  blowing  cylinders,  each  of  which  is  worked  by  a 
steam-cylinder;  and  the  two  stcam-cylindcrs  are  cither  a  pair  or  are 
arranged  as  compound  cylinders.  The  clearance  in  the  air-cylinders 
should  be  reduced  to  the  smallest  practicable  limits.  At  Lackenby  Iron- 
works it  is  only  3  per  cent  at  each  end;  the  total  area  cf  valve-opening  at 
each  end,  for  the  inlet,  is  '/eth  of  the  area  of  the  piston,  and  for  the  outlet, 
}ith.  These  proportions  are  unusually  liberal.  The  two  air-cylinders  are 
80  inches  in  diameter,  with  54  inches  of  stroke,  having  each  a  capacity  of 
157  cubic  feet.  They  make  24  double  strokes  per  minute,  giving  a  speed 
of  piston  of  216  feet  per  minute;  190,000  cubic  feet  of  atmospheric  air  are 
sujjjjlied  per  ton  of  iron  made,  and  the  supply  is  sufficient  for  the  {(roduc- 
tion  of  800  tons  of  iron  per  week.  The  blast-main  is  30  inches  in  diameter, 
and  has  a  capacity  12}^  times  the  united  volumes  of  the  cylinders.  The 
pressure  in  the  main  is  4^^  lbs.  per  square  inch  above  the  atmosphere,  and 

14.7  +  4.5 

it  is  free  from  fluctuations.    The  ratio  of  compression  is  —        =  1.3, 

r4«7 

and  the  valves,  therefore,  open  to  the  main  when  the  air-piston  has  passed 
through  20  per  cent  of  the  stroke,  approximately,  allowing  for  clearance; 

whilst  the  air  is  driven  into  the  rom])ressor  during  80  per  cent,  of  the  stroke. 
The  clearance  is,  i)roportionally,  3  x  1.3  -  4  ]>er  cent,  of  the  volume  of  com- 
pressed air ;  and  thus  tlie  effective  charge  of  air  is  (100  -  4  s=)  96  per  cent. 
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of  the  quantity  compressed.  The  steam-cylinders  are  32  and  60  inches  in 
diameter,  and  their  indicator  hone-power  is  290  horse-power;  whilst  that  of 
the  air-cylinders  is  258  horse-power,  representing  an  efiicienqr  of  89  per 
cent.^ 

An  instance  of  very  low  pressure  of  blast  produced  by  a  blowing  engine 
is  given  by  Mr.  Briggs.  A  pair  of  12-inch  steam-cylinders  drive  directly  a 
pair  of  48-inch  air-cylinders,  with  a  stroke  of  24  inches.  The  steam-valves 
cut  off  at  ^8ths,  and  they  have  negative"  lead  and  ample  cover  to  the 
exhaust,  for  the  purpose  of  counteracting  the  expansive  force  of  the  com- 
pressed air  left  in  the  clearance.  But  the  clearance  in  the  air-cylinders  is 
very -considerable;  it  is  equivalent  to  7^  inches  of  the  stroke,  or  31^  per 
cent.  At  60  double  strokes  per  minute,  when  the  speed  of  piston  was 
240  feet  per  minute;  the  indicator  diagrams  showed  an  average  effective 
pressure  of  17.8  lbs.  per  square  inch  for  steam,  and  0.8  lbs.  for  air,  repre- 
seninig  an  efticiency  of  72  per  cent.^ 

In  French  blowing  engines,  according  to  M.  Claudel,  the  proportion  of  the 
air  discharged  is  only  75  per  cent  of  the  volume  described  by  the  piston. 
The  stroke  is  usually  equal  to  the  diameter  of  the  air-cylinder,  and  the 
speed  of  piston  varies  from  1 00  to  200  feet  per  minute.  The  area  of  the 
inlet-valve  openings  is  from  '/t^  to  V  i,  of  that  of  the  piston  for  speeds  of 
from  100  to  150  feet  i)er  minute,  and  from  '  to  '  for  higher  speeds. 
The  outlet  openings  are  from  '/,5  to  \  .„  of  the  piston,  in  area. 

In  Belgium,  Mr.  Cockerell  employs  W  oolf  cylinders,  with  the  beam,  for 
driving  blowing  engines.  In  one  example,  the  engine  is  of  160  horse- 
power; the  cylinders  are  2.79  and  3.94  feet  in  diameter,  adapted  for  an 
expansion-ratio  of  10,  at  regular  work,  to  yield  a  pressure  of  7  inches 
of  mercury,  or  3^  lbs.  per  square  mch.  The  engines  usually  expand  nine 
times,  with  steam  of  4  atmospheres.  The  intermediate  fall  of  pressure 
between  the  first  and  second  cylinders  is  uniform  throughout  the  stroke, 
equal  to  1.5  lbs.  per  square  inch.  The  expansion  curves  nre  the  same  as 
the  •*  theoretical  curve."  The  efficiency,  by  the  indicator  aj^plied  to  the 
steam-  and  the  air-cylinders,  is  81  per  cent,  for  a  blast  of  4  lbs.,  and  83^ 
per  cent  for  a  blast  of  4}^^  lbs.  per  square  inch.' 

Root's  Rotary  Pressure-Blower. 

Root's  rotary  blower  is  positive  in  its  action,  and  consists  of  two  revolvers 
on  parallel  axles,  within  a  close-fitting  case,  rectangular  in  section,  with 
semicircular  ends.  The  revolvers  consi.st  each  of  two  arms,  formed  with  a 
bulbous  expansion  at  each  end;  and  being  geared  together  by  a  pair  of 
spur-wheels  on  their  shafts,  outside  the  case,  they  necessarily  revolve  at  the 
same  speed;  and  they  work  together  in  such  a  manner  that  the  ends  of  the 
arms  of  one  revolver  enter  or  gear  into  the  middle  of  the  other  revolver. 
Being  very  correcdy  fitted,  little  air  is  allowed  to  escape  between  the 
revolvers,  or  between  them  and  the  casing.  By  their  harmonious  revolu- 
tions, one  being  horizontal  whilst  the  other  is  \  ertiral.  tlie  si)aces  below  and 
above  the  revolvers  are  alternately  contracted  and  enlarged  in  such  an 

*  "Wowint;  Engines  at  Lackenby  Ironworks,"  by  A.  C.  HilL  See  Procttdingi  cf  ih€ 
Institution  0/  Mc-chanical  Efii^ttucrs,  1S71,  1872. 

•  ydurnai  of  the  Franklin  Institute,  ^Iarch,  1876. 
»  PorUfeuUU  d<  John  Coikerell^  1876,  vol.  iii. 
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order  that  n^ibt  air  is  drawn  into  the  case  at  the  lower  side,  it  is  expelled 
at  the  upper  side.  Four  discharges  of  air  are  thus  performed  for  each 
revolution  of  the  machine,  and  a  steady  current  is  maintained. 

For  blowing  air,  these  marliincs  arc  made  by  Messrs.  ThwaUes  <Sc  Carhiitt, 
of  from  ^  to  14  nominal  horsc-powcr,  to  supply  from  150  to  10,800  cubic 
feet  of  air  per  minute,  from  delivery  orifices  of  from  2)^  to  19  inches  m 
diametec  According  to  the  results  of  tests  made  by  a  committee  of 
engineers,  in  the  United  States,  the  efficiency  of  the  blowers  amounted  to 
from  65  to  80  per  cent  of  the  horse-power  expended  and  applied  to  the 
machine. 

As  mine-ventilators.  Root's  blowers  are  ronstnu  ted  with  revolvers  of 
from  3  feet  lo?/^  inches  to  25  feet  in  diameter,  and  3  feet  2  inclu>^  to 

13  feet  wide,  makin<;  from  2S0  to  40  revolutions  ]>er  minute,  delivering  a 
volume  of  air  of  from  45  to  5000  cubic  feet  per  turn,  or  from  12,500  to 
aoojooo  cubic  feet  per  minute.  The  efl'ective  power  expended  in  delivering 
these  volumes  of  air,  for  an  exhaustion  at  a  6>mch  water-column,  is,  by 
formula  (  14 ),  page  896,  from  15.5  to  189  horse-power,  and  the  dimensions 
of  cylinder  for  a  non-condensing  engine  to  drive  the  ventilators,  vary  from 

14  inches  diameter  with  18  inches  stroke,  to  38  inches  diameter  with 
48  inches  stroke. 
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FLOW  OF  WATER  THROUGH  ORIFICES. 
The  fundamental  formula  for  fhe  flow  of  water  by  the  action  of  gravity  is 

v^h^nr   (i) 

?•  -  the  velocity  in  feet  per  second. 
=  the  height  m  leet  through  which  it  freely  falls. 

This  is  the  basic  formula  (  6 ),  for  tlie  action  of  gravity,  page  279. 

The  quantity  of  water  ddivered  per  second,  through  an  orifice  in  the 
side  of  a  vessel,  supposing  that  there  is  no  contraction,  is  expressed  by  the 
formula, —   

Q^Sflv'  k    (2) 

Q  =  the  quantity  in  cubic  feet  per  second. 

a  =  the  normal  sectional  area  of  the  orifice  or  the  stream  in  square  feet 

But,  in  effect,  the  (juantity  is  less  than  is  here  expressed,  by  reason  of  the 
contraction  of  the  ouUiowing  stream,  and  the  equation  becomes,  for  prac- 
tical use,   

Q  =  8    (3) 

in  which     is  a  coefficient,  less  than  i,  the  value  of  which  varies  with  the 

conditions  of  the  orifice. 

When  the  water  flows  through  an  orifice  in  a  thin  plate,  the  average  value 
of  J»  is  about  .62,  irrespective  of  the  form  of  the  orifice,  and  the  formula 

becomes,  Qs  4.96  a /v/  ^      ^  round  numbers, 

Q=5«V^   (4) 

in  which  //  =  the  hei^rht  in  feet,  measured  to  the  centre  of  the  orifice. 
If'tth  an  approaching  velocity  v\  the  general  formula  (  3  )  becomes 


Q=8>w<iV>4  +  i/'»  (S) 

When  adjutages  or  spouts  are  added  to  an  orifice,  the  outflow  is  increased. 
If  an  internal  tube  be  added,  it  is  diminished.    The  average  values  of  the 
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coefficient      and  the  pfoduct  8m,  in  formulas  (3)  and  (5),  are 
follows : — 

A«»t«A«»  Ffltauih*  (3)  and  (5). 

FoRMOPApjttTAGi.  Value  Of «».      Value  of  8««. 

Internal  tube,  50  4.0 

Thin  plate  simply,  62  5.0 

Cylinder,  at  least  2  diameters  in  length,  82  6.6 

Converging  cone,  length  =  2)4  diameters,  95  7.6 

Vena  contracta,  length  =  >^  diameter  of  orifice;  {  j  qq  3  q 

smallest  diameter-^  .785  diameter  of  orific^...  \ 

Diverging  cone,  length  =  9  diameters,                 1.46  1 1.7 

Mr.  J.  F.  Bateman's  Experiments  at  Godby  Reservoir,  in  1852.* 

Three  rectangular  openings,  6  inches  deep,  and  6  feet  long,  were  made 
in  boards  2^2  inches  and  5  inches  thick,  to  the  sections  showTi  in 
Figs.  353.  The  forms  of  the  edges,  horizontal  and  vertical,  were  quad- 
rantal,  to  a  radius  o{  2)4  inches.     In  No.  i  the  bell-mouth  section  was 

Mo.  u  No.  a.  No.  3. 


Figs.  353. — Godby  Reservoir. — Flow  of  water  through  submerged  openings  in  boards.    Scale  «/j8th. 

outwards,  in  No.  2  inwards,  and  in  No.  3  both  outwards  and  inwards.  The 
openings  were  entirely  submerged  on  the  inside,  at  depths  of  from  i  to 
4  feet  to  the  centres  of  the  openings,  and  there  was  a  free  discharge.  The 
following  are  the  values  of  the  coefficient  8  for  formula  (  3  ),  the  coeffi- 
cient for  the  whole  velocity  due  to  the  height  being  expressed  by  8. 

Coefficients  of  Velocity  of  Discharoe  (8m),  in  Formula  (3). 

Deduced  from  the  Results  of  Experiments  at  Godby  Reservoir. 


HBAa 

feet. 

4 

3.5 

3 

2.5 
2 

1.5 

I 

0.5 


Average  CoeSdemi  (nuunnnm 
Na  I  Na  a 

{aH  indie*  thick).  Mi  iadiei  tluck). 

5.78 

5.66 
5.67 


it.«). 
(si 


5.60 
5.60 

5.50 
5.60 

5.30 


7.04 

7.04 

7.04 
7.04 

7.04 

7.04 
6.89 
6.00 


No  .  3 

7.60 

7.60 
7.60 
7.80 
7.80 

7.78 
7.30 
6.55 


Averages,  omitting  the  last,  5.63    7J02    7.64 

*  See  Mr.  Bateman's  paper  on  the  Manchester  Waterworks,  Proc<edit^of  the Ina^httioH 
tf  Mtchanical  Engineers^  1 666. 
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Thence  the  values  of  m  and  Sm  are — 


FosM  OP  OnttTNG  IN  BoASM  Foraralas  (3)  and  (s1. 

(Mr  Baicman),  Value  of  m.      Value  of  8  mi. 

No.  I.  Quadrantal  outwards,  70  5.6 

No.  2.        „         inwards,  875  7.0 

No.  3.       „        outwards  and  inwaidsy  94  7.6 


It  is  seen  that  the  values  of  the  coefficients  were  little  affected  by  the 
variations  of  head,  except  when  the  head  was  less  than  about  i  foot,  or 
double  the  height  of  the  aperture. 

Mk.  Jambs  Brownlee's  Experiments  on  the  Flow  of  Water  through 
A  Submerged  Nozzle,  Convergent  and  Divergent.' 

Mr.  Brownlee's  experiments  were  made  with  a  nozzle,  the  sectional 
contour  of  which  may  be  described  as  a  double  trumpet-mouth.  The 
entrance  was  indies  in  diameter,  and  inches  long,  converging 
to  a  diameter  of  .1982  inch  at  the  throat;  whence  it  diveiiged  to  a 
diameter  of  '5/,^  inch  at  the  other  or  discharging  end,  througli  a  length 
of  5.95  inches,  which  was  equal  to  thirty  times  the  diameter  of  the  throat. 
Putting  //,  and  for  the  heads  in  feet  of  water  at  the  entrance  to,  and  the 
exit  from,  the  nozzle,  and  z'  for  the  velocity  of  the  water  ])assing  through 
the  throat,  the  generating  head  is  (//,-//,),  and  the  relations  of  this  head 
and  the  velocity  are: — 

^  i.«t/  

frai6.02^>S,-A,   (6) 

These  fonnulas  differ  from  the  normal  formula  (  i  ),  in  embodying  tlie 
1.61  power  of  the  velocity  instead  of  the  2d  power,  and  they  indicate  that 
the  velocity  of  discharge  is  greater  than  that  normally  due  to  the  head. 
The  additional  velocity  is  generated  in  consequence  of  a  vacuous  additional 
pressure  at  the  throat,  the  sum  of  w  hich,  and  the  generating  head  (//,  -  A,), 
is  the  true  head  under  which  the  discharge  takes  place.  The  table  No. 
3 1 5  contains,  for  illustration,  a  selection  from  the  experimental  results  of 
Mr.  Brownlee. 

It  appears  that,  under  a  double  generating  head,  the  water  is  driven 

through  the  compound  nozzle,  wnth  (""\/  2  =)  1.538  times  the  s{)eed 
for  a  given  generating  head;  and  that  a  double  velocity  does  not  require 
four  times,  as  by  the  normal  formula,  but  only  (2"*  = )  3.05  times  the 
pressure. 

Mr.  Brownlee  attributes  the  great  augmentation  of  velocity  of  flow  through 
the  throat  of  the  compound  nozzle,  to  the  great  length  of  the  divergent 
outlet,  comparatively  to  the  diameter  of  the  throat.  The  principle  of  the 
action  upon  which  the  augmented  flow  is  effected,  h  that  the  velocity  of  the 
outflowing  water  is,  by  the  necessity  of  occupying  the  expanding  capacity  of 

*  Transoitionj  0/  tht  Institution  of  En^neers  and  Shij^ilders  tn  Scotland^  vol.  xix., 
page  81. 
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the  nozzle,  rapidly  reduced;  and  that  a  vacuum  or  reduction  of  back-pres- 
sure is  induced  at  the  throat,  which,  added  to  the  generating  head,  makes 

up  the  true  head  to  which  the  velocttf  is  due. 

Table  No.  315. — ^Flow  op  Water  through  Compound  or  Double- 
GONiCAL  Nozzles  (Mr.  Brownlee's  Ejcperiments). 

The  Heads  are  expressed  in  feet  of  water. 


Generat- 
inj^  Head, 

Vacuum  at 
Throat  of 
Noole. 

True  Head, ' 
or  Sum 

of  the 
Gcneraline 
Hc.id  and 
the  Vacuum. 

Velocity 
due 
to  the 
Genenuing 
Head 

f 

Velocity 
due  to  the 
True  Head. 

Experi- 
mental 
Vdodty. 

Velocity  by 
Formula 
(6). 

feet. 

feet. 

feet. 

ft.  V  second. 

ft.  9  second. 

ft.  V  second 

ft.  V  second. 

.25 

.52 

77  1 

4.01 

7.04 

6.66 

6.77 

.50 

1-3 

1.8 

5.67 

10.76 

10.23 

10.42 

75 

34 

3.15 

6.95 

14.24 

13.6 

1339 

I 

3-5 

4.5 

8.02 

17.02 

16.34 

16.02 

2 

8.2 

10.2 

11-35 

,  25.63 

24.74 

24.64 

3 

14.0 

17 

139 

i  3309 

3'-95 

317 

19.8 

23-8 

16.05 

'  38.84 

37-9 

37.9 

1  ' 

26/> 

31 

17.94 

44.69 

4345 

43-52 

6 

31.I 

37.1 

19.66 

48.88 

48.14 

48.74 

FLOW  OF  WATER  OVER  WASTE-BOARDS,  WEIRS,  &:c. 

To  find  the  discharge  of  water  over  vraste-boards,  &c.,  the  general  for- 
mula  is, — 

Q=  J».V  »/(H H"  -V  *  )    (8) 

Qathe  quantity  in  cubic  feet  discharged  per  second. 
M  =  a  coefficient. 
/=  the  width  of  the  notch  or  overflow,  in  feet. 

H  =lhe  height  in  feet  of  still-water  above  the  cd^c  of  the  notch  or  board. 
k  =■  the  height  in  feet  of  still>water,  above  the  level  of  the  water  af  it  flows 
over  the  board. 

When  the  coefficient  m  =  .63,  the  equation  becomes,  by  reductioo» 

Q  =  3.3i/(HV  H~-V^)   (9) 


FLOW  OF  WATER  IN  CHANNELS,  PIPES,  AND  RIVERS. 

The  friction  of  fluids  upon  solid  surfaces  is  independent  of  the  pressure. 

It  is  proportional  to  the  area  of  the  surface,  or  tO  Ae  area  of  the  sides  and 
bottom  directly,  and  to  the  volume  of  moving  water  inversely;  or,  in  brief, 
it  is  as  the  length  of  the  contour  or  wetted  perimeter  of  the  conduit,  ^ 
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divided  by  the  sectional  area  a,  of  the  current,  or  to  - .  It  is  proportional 
to  the  square  of  the  velocity  nearly,  or  to  mv\  Tht  accelerating  force 
is  equal  to  x  in  which  A  is  the  height,  /  the  length  of  the  slope  of  the 
dumnel,  and  ^  is  gravis,  or  32.2.  Then,  ^  x  ^  » x  mv*;  and, 

v=  V  mgx-jx  —   (  10) 

The  quotient  ~-  is  the  hydraulic  mean  depth,  or  mean  radius,  and  the 

velocity  is  proportional  to 

Mr.  Downing  deduces  from  e]q>eriment  on  the  flow  of  water  in  pipes, 
the  formula,-^ 

Vdmty  cf  water  in  a  ckatmd  9r  ^pi, 

\J  ^i<  —  ^\o^ooti^\ooA^    (11) 

In  pipes,  —  =  — ;  and,  when  pipes  are  filled  with  the  flowing  water,  the 

€  4 

formula  ( 1  x }  becomes,  by  substitution, 

Vehdty  of  water  in  a  fuU pipe, 

«'=5o\/ -^x4/   ( 12  ) 

«^»tbe  velocity,  in  feet  per  second. 

A  =  the  head,  in  feet. 

/  =  the  Icnj^th,  in  fci  t. 
//=the  diameter,  in  feet. 

c  =  the  wetted  perimeter,  in  feet. 

<z  =  the  sectional  area  of  the  current,  in  square  feet. 

Qs  the  quantity  of  water  discharged,  in  cubic  feet  per  second. 

D=  "  Bthe  hydraulic  mean  depth. 

/=  the  fall,  in  feet  per  mile. 

The  formula  (12)  is  nearly  identical  with  the  formula  employed  by 
Mr.  Hawksley,  for  the  flow  of  water  in  a  smooth  pipe  of  small  and  uniform 
diameter: — 


d.   (13) 

Quantity  oj  water  disctiarged  by  a  channel  or  a  pipe, 
Q=iootf  -v/Ax-i.=  ioo«-v/AxD   (14) 
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When  the  pipe  nins  full  under  pressure,  Q  =  .7854  x  50 1^ ^j-  ;  from 
which  Mr.  Downing  deduces  the  formulas : — 

QuanHty  discharged  throitgh  a  pipe  running  fuU  under  pressure. 
(Cubic  feet  per  second)  Q=  39.27    (15) 

(Cubic  feet  per  minute)  Q=  2356  /y/ ^xd*.   (16) 

(Cubic  feet  per  minute  ^  /d^h  /  ,  -  \ 

^  and    in  inches  )  ^'  V  < > 

(Cubic  feet  per  minute    .  ^ 

d  in  inches,  /  m  yards)  ^       '      v    /  \  / 

'^''Tzrzz.Ti)  Q-'7.°3y?  (.9) 

(Gallons    per    hour  JlFh   ^  ^ 

and /as  above....)  ^  ^    I  ^  ' 

Mr.  Downing  further  deduces  from  formula  ( 1 1 ), 

(Feet  per  second  )         .92  ij  2/D   (  21 ) 

(Feet  per  minute  )  v«   55  ij  2/D   (  22  ) 

I'he  average  velocity  in  an  open  channel  is  about  ^/«ths  of  the  maximum 
velocity,  which  is  usually  attained  at  the  centre,  near  uie  surface.^ 

Limits  of  Velocity  at  the  Bottom  of  a  Channel, 
Mr.  Beardmore  gives  the  limits  of  velocity  at  the  bottom,  thus: — 

30  feet  per  minute  docs  not  disturb  clay,  with  sand  and  stones. 

40  do.  do.    moves  coarse  sand. 

60  do.  do.  moves  fine  gravel,  size  of  peas. 
120  do.  do.  moves  i-in<£  rounded  pebbles. 
180  do.        da   moves  angular  stones,  about      inches  in  diameter. 

Cast-Iron  Water-Pipes. 

Water-pipes  are  made  to  resist  incidental  stress,  in  addition  to  the  normal 
stress  by  internal  pressure.  1  he  proper  tlii(  kness  of  cast-iron  pipes  has 
1)cen  expressed  by  numerous  empirical  formulas,  widely  divergent.  The 
following  simple  formula  is  here  detluced  from  Mr.  Bateman's  practice. 

H  d 

In  sbtteenths  of  an  inch,...  /=   ^"^"^^ (  ^3  ) 

In  inches  and  decimals,...  /=  -25  +    (  24  ) 

9600 

Do.        do.      ..../«. 25  +   (25) 

4250  ^' 

*  See  Mr.  Downing's  work,  •'Elements  of  i'racucai  ilydiaulics,"  from  which  the  above 
formidas  have  been  ^ferived. 
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/  =  the  thickness  of  the  pipe,  in  inches  and  decimals,  or  in  sixteenths  of 
an  inch. 

H  =  the  head  of  pressure,  in  feet  of  water. 

/  =  the  interior  pressure,  in  pounds  per  square  inch. 

f/=the  inside  diameter  of  the  pipe,  in  inches. 

NoU. — 1  he  pressure  in  lbs.  per  square  inch,  is  equal  to  the  product  of  the 
head  in  feet  of  water,  by  .443. 

Mr.  Hawksley's  formula  for  the  thickness  of  pipes  under  pressure,  is, — 

t^lI^-^C   (26) 

t  =  thickness,  F  ^  factor  of  strength,  /  -  pressure,  d  -  diameter,  s  -  tensile 
strength  of  material,  C  =  a  practical  constant  correction  for  impofections  ot 
process,  method,  and  workmanship. 
For  die  tisual  head  of  300  feet  of  water,  formula  (  24  )  becomes, — 

in  inches  /=.25  +  -i^   (27) 

„     or  /=.25  +  .o3i</.   (28) 

The  following  are  special  divisors  and  multipliers  to  be  employed  in 
formulas  (  27 )  and  (  28 )  for  various  heads: — 


Htad  in  Fact  IKvimr  m  (ay).  If  ulciiilier  in  (s8).  in  lbs.  per 

Inch 


Equi%«Ient  Pressure 

in  lbs. 

Sqiinre 

100    96   0104    44.3  lbs. 

150    64    .016    66.5  „ 

200    48   021    88.6  „ 

250    38   026    1 10.7  „ 

300    32   03 »    132.9  »» 

350    V   037    I55-0  » 

400    24    .042    177.2  t> 

500    19^    .052    221.5  „ 

750    '3^    078    332.2  „ 

1000    9.6   104    443.0  „ 

Socket-md. —  For  a  series  of  water-pipes  cast  at  Woodside  Ironworks,  it 

is  calculated,  from  the  sections,  that  the  equivalent  length  of  pipe,  of  equal 
weight,  for  a  socket-end,  varies  from  7.2  inches  for  2^1.-inch  pipes,  to  S.6 
inches  for  24-inch  jjipes.  Hence  the  formula  for  the  equivalent  length  of 
pipe  for  the  socket  for  any  diamein 

Equivalent  length  in  inches,  =  7+  —   (29) 

„        „     in  feet,  --6+ jg^i   (30) 

in  which  ^  is  the  diameter  of  the  pipe  in  inches. 

The  table  No.  316  gives  the  thidcness  and  the  weight  of  cast-iron  water- 
pipes  of  given  diameters  for  a  working  head  of  300  feet  of  water,  or  135  lbs. 
per  square  inch.  The  bursting  strengths,  taking  the  ultimate  tensile  resist- 
ance of  the  metal  at  7  tons  per  square  inch,  and  the  factors  of  safety,  are 
given  in  the  last  two  columns. 
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Table  No.  316. — Cast-Iron  Pipes: — ^Thickness,  Weight,  and  Strength. 


1 

Factor  of 

DiamMer. 

by  Formula 
(24)  or  125). 

Nearest 

in  six- 
teenths of 
■n  incn. 

Net  Weight 
per  Foot  run, 

in  Coliunii  3. 

Length  of 

in  Weight 
to  the 

9-fcct  Length ' 
of  Pipe. 

Pressure 
per  Square 

Inch, 
reckoned  on 
Column  3. 

Safety,  for 
Normal 

-jfoa  Feet  of 
W.-»ter,  or 
133  lb*,  per 
Square 
Im^ 



inches. 

inches. 

w  1  lUlv 

sixteenths. 

pounds. 

feet. 

cwts. 

lbs. 

times. 

2 

•31 

5/16 

7.09 

.60 

(6  ft.)  .4 1 8 

4900 

36 

•33 

ia6 

.61 

(6  fk.)  .625 

3920 

30 

3 

*35 

H 

124 

.62 

1.06 

3920 

30 

4 

•375 

H 

16. 1 

.62 

1.38 

2940 

22 

5 

.41 

7/16 

234 

•63 

2.01 

2744 

21 

6 

•45 

27.7 

.63 

3.38 

2290 

17 

7 

47 

'A 

36.8 

.64 

317 

2240 

17 

8 

.50 

41.7 

.64 

3-59 

i960 

15 

9 

•5  J 

9/,  6 

1060 

1  c 
*  J 

10 

66 

c  01 

I  76a 

1 1 

It 

•  CO 

9/t6 

61  Q 

.66 

160A 

12 

12 

.62 

.67 

6.6q 

1611 

12 

.65 

.67 

7.22 

ii;o8 

I  I 

.70 

00. 1 

.68 

8.56 

12 

I  c 

71 

101;. 0 

.68 

1440 

II 

16 

cwts. 

75 

1. 10 

.69 

10.66 

1470 

II 

18 

.81 

»3/i6 

1.43 

.70 

13.87 

1415 

ia6 

20 

.87 

1.60 

7« 

15-54 

1373 

ia3 

21 

•90 

1.68 

.72 

16.33 

1307 

10 

24 

.99 

2.19 

73 

21.31 

1307 

10 

27 

■•lo 

2,61 

75 

2545 

1234 

9-3 

3" 

I  -Kim*. 
I  3/10 

3^24 

'77 

3'-o5 

1 241 

9-3 

33 

1.27 

iX 

3^75 

.78 

36.67 

II90 

8.9 

36 

1.36 

4.50 

.80 

44.10 

1198 

8.9 

39 

1.45 

1 7/16 

5.11 

.82 

50.18 

1    1 156 

8.7 

42 

I  9/,6 

5.98 

1  ^83 

58.78 

1 167 

8.8 

45 

1.65 

6.67 

1  .85 

65.70 

"33 

8.5  1 

48 

1 74 

I 

763 

'  .87 

75-31 

1143 

'       8.6  1 

Affie  to  table, — Fianges, — ^The  additional  weight  fur  a  pair  of  flanges  is  redconed  as 
equivalent  to  that  of  a  uneal  foot  of  pipe equu  to  1 1  per  cent  extra  for  9>feet  lengths. 


Gas-pipes. — Mr.  Thomas  Box  gives  the  following  thickness  for  gas- 
pipes:' — 


Table  No.  317. — Thickness  of  Cast-Iron  Gas-Pipes. 


Tliickn«ii.| 

Diameter. 

Tliidcncea, 

Diameter. 

Thidcness. 

Diameter. 

Thidmesa. 

ioches. 

inches. 

uichcs. 

inches. 

inches. 

inches. 

inches. 

inches. 

.27 

\ 

.37 

10 

.46 

24 

.64 

2 

.29 

.39 

12 

.49 

30 

.69 

.3 

7 

41 

J5 

.53 

36 

75 

3 

•32 

8 

.43 

18 

•57 

4 

•35 

9 

45 

21 

.6 

*  JVcutual  Hydraulicst  1867. 
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The  wofk  of  water-wheels  is  done  fay  the  force  of  giavity  acting  on 
water.  The  total  work  in  a  fall  of  water  is  expressed  by  the  product  of  the 
weight  of  water,  w,  and  the  height  of  the  fall,      or  by  w  h;  and,  in  order 

that  the  whole  of  this  work  should  be  realized  by  the  wheel,  the  water  must 
enter  the  iiku  bine  without  shock,  and  leave  it  without  velocity.  But  there 
is,  unavoidably,  a  residual  velocity  v\  and  the  loss  of  work  due  to  this 

V** 

velocity,  is  w  —  ^wh\  in  which  h'  is  the  head  due  to  the  lesidual 

velocity.    The  part  of  the  head  expended  in  effective  work,  and  upon 

internal  resistances,  is  therefore  h-h  =  h-w  — . 

There  are  two  classes  of  wheels, — first,  those  which  torn  on  a  horizontal 
axis;  second,  those  which  turn  on  a  rertical  axis. 


WH££LS  ON  A  HORIZONTAL  AXIS. 

Undershot-Wheels,  with  Radial  Floats  or  Buckets. 

These  are  constructed  from  lo  to  25  feet  in  diameter;  the  floats  are  from 
14  to  16  inches  apart  at  the  circumference,  and  from  24  to  28  inches  deep. 
Putting  V  and  v'  tor  the  initial  and  final  vdodties  of  the  water,  which  flows 
under  the  wheel,  v'  is  sensihly  equal  to  the  velocity  of  the  middle  of  the 

float,  and  the  maximum  eflect  is  obtainable  when  ,  when  the  effici- 

2 

ency  is  50  per  cent    Smeaton  tried  velocities  v'  of  from  .34 r  to  .52  V, 

mean  .43  v;  and  obtained  an  cfhciency,  with  models,  of  from  29  to  35, 
mean  33  per  cent.  By  the  best  modern  experiments,  the  efficiency  is 
usually  from  27  to  30  per  cent.  Exi)erimentally,  40  per  cent,  is  the  maxi- 
mum. Probably,  it  cannoi  be  exceeded,  because  tlie  final  velocity  of  the 
water  is  not  reduced  to  >^  z/. 

PoNCfiLGT's  Undershot-Wheel. 

The  floats  are  curved, — ^usually  a  portion  of  a  circle, — and  so  placed 
that  the  hollow  of  the  curve  is  presented  to  the  entering  water,  the  edge 
of  the  float  being  set  at  an  angle  of  30**  to  the  circumference  of  the  wheel. 
There  are  36  floats  in  wheels  of  from  10  to  13  feet  in  diameter,  and  48 
floats  for  diameters  of  from  20  to  23  feet.  If  the  water  could  enter  the 
wheel  without  shock,  tangentially  to  the  floats,  the  velocity  of  the  floats 
being  half  the  velocity  of  the  water,  the  water  would  ascend  the  float, 
and  would  then  descend  by  the  force  of  gravity,  and  drop  u^to  the  tail-race 
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with  a  final  forward  ydocity  =  o.  The  efficiency,  under  these  circumstances, 
would  be  loo  per  cent.    But  the  conditions  of  practice  do  not  admit  of  a 

tangential  entrance,  and  the  efficiency  is  not  more  than  65  per  cent  for 
falls  of  4  feet  and  less,  60  per  cent,  for  falls  of  from  4  feet  3  inches  to 
5  feet,  and  from  55  to  50  per  cent,  for  falls  of  from  6  feet  to  6)4  feet. 
These  etiicimcics  are  materially  greater  than  that  of  the  undershot-wheels 
with  radial  floats;  and  the  experience  of  the  Poncelet-float  conspicuously 
demonstrates  the  essential  importance  of  providing  graduated  entrances,  and 
avoiding  shocks,  concussions,  or  eddies  in  the  water.  The  most  favourable 
ratio  of  the  velocity  of  the  floats  to  that  of  the  water,  is  55  per  cent  The 
distance  between  the  inner  and  outer  circumferences  that  limit  the  floats 
should  be  at  least  a  fourth  of  the  head;  Poncelet  advises  a  third  of  the 
head. 

Paddle-Wheel  in  an  Open  Current. 

Experience  indicates  that  the  most  suitable  ratio  of  the  velocity  of  the 

floats  to  that  of  the  current  is  40  per  cent  The  depth  of  the  floats  should 
be  from  }(th.  to  '/5th  of  the  radius;  it  should  not  be  less  than  12  or 
14  inches.  The  diameter  is  usually  from  13  to  16 j4  feet,  with  12  floats; 
but  it  is  thought  that  there  might  be  an  advantage  in  applying  18  or  even 
24  floats.  The  floats  should  be  completely  submerged  at  the  lower  side, 
but  not  more  than  2  inches  under  water. 

Breast-Wheel. 

This  wheel  receives  the  water  at  a  level  a  little  below  that  of  the  axis.  In 
practice,  the  efficiency  is  70  per  cent  when  the  height  of  the  fell  approaches 
8  feet,  and  50  per  cent,  for  a  fall  of  4  feet  For  a  well  constructed  wheel, 
slow-moving,  M.  Morin  found  an  exceptional  eflficiency  of  93  per  cent 

Sir  William  P'airbaini  states  that  the  efficiency  of  high  breast-wheels  is 
75  percent.,  moving  at  the  rate  of  5  feet  per  second  at  the  periphery.  The 
usual  velocity  adopted  by  him  for  high  and  low  falls,  was  from  4  to  6  feet 
per  second;  for  a  muumum  velocity,  3  feet  6  inches  per  second,  for  falls 
of  from  40  to  45  feet;  for  a  maximum  velocity,  7  feet  per  second,  for  falls 
of  5  or  6  feet 

The  water  should  be  delivered  to  the  wheel  at  a  low  velocity;  <Mr,  if  the 
velocity  is  considerable,  the  delivery  should  be  at  a  tangent  to  the  edge  of 
the  float.  The  most  suitable  velocity  of  the  floats  is  4}(  feet  per  second; 
the  velocity  should  not  exceed  the  limits  of  from  3  to  6^4  feet  per  second. 
The  de})th  of  water  over  the  sliding  gate  should  be  from  8  to  10  inches, 
measured  from  still  water.  The  diameter  should  be  at  least  1 1  )4  feet ;  it 
is  seldom  more  than  from  20  to  23  feet.  These  diameters  are  suitable  for 
fells  of  from  3  to  6  or  even  8  feet  The  distance  apart  of  the  floats  should 
be  I  >^  to  I  ^times  the  head  over  the  gate,  for  slow  wheels;  for  quick  wheels, 
a  litde  more.  The  depth  of  the  floats  should  be  a  little  more  than  2.3  feet 
Normally,  the  interior  capacity  between  two  floats  should  be  nearly  double 
the  volume  of  the  water  there. 

Overshot-Wheel. 

The  water  is  delivered  nearly  at  the  top  of  the  wheel.  The  chief  causes 
of  loss  of  head  are.  first,  the  relative  velocity  of  the  water  when  it  enters 
the  wheel,  and  the  velocity  which  it  possesses  at  the  moment  it  falls  to 
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the  level  of  the  tail-race.  Such  wheels  answer  well  for  heads  of  from 
13  to  20  feet.  For  heads  of  less  than  10  feet,  breast-wheels  are  preferred. 
The  velocity  of  the  floats  should  not  be  less  than  3  feet  per  second;  it  may 
be  6^  feet  per  second  for  small  wheels,  and  10  feet  for  larger  wheels,  without 
sensibly  affecting  the  efficiency.  The  efficiency  at  a  low  speed  may  rise  to 
80  per  cent;  but  ordinarily,  with  velocities  of  from  3  to  feet,  the  effi- 
ciency varies  from  70  to  75  per  cent.  At  higher  speeds,  and  when  the 
buckets  are  more  than  two-thirds  filled,  the  efficiency  is  only  60  per  cent 
For  wheels  employed  in  driving  hammere,  of  from  10  to  13  feet  in  diameter, 
having  a  velocity  of  from  13  to  16  feet  per  second,  the  etticiency  occasion- 
ally falls  to  37  per  cent.  This  low  efficiency  is  due  to  the  impetuosity  of 
the  fall  of  the  water  into  the  quick-moving  buckets,  whence  the  water  is 
thrown  out,  partly  by  leaction,  partly  by  centrifugal  force.  The  capacity 
of  the  buckets  should  be  three  times  the  volume  of  the  chaige  of  water; 
Aey  may  be  10  or  11  inches  deep,  and  12  or  14  inches  apart  With  a 
velocity  of  4  feet  per  second,  i  cubic  foot  of  water  per  foot  of  breadth  of 
the  wheel,  may  be  consumed  per  second.  The  stream,  as  it  leaves  the 
gate,  is  rarely  more  than  4  or  5  inches  deep;  it  is  often  less  than  2  inches 
deep. 


WHEELS  ON  A  VERTICAL  AXIS. 
Tub-Wheel. 

The  old-fashioned  spoon-wheel  or  tub-wheel,  consists  of  a  number  of 
paddles  fixed  on  a  vertical  axis,  revolving  within  a  cylindrical  well  of 
masonry,  with  veiy  little  clearance.  The  paddles  are  slightly  concave, 
and  are  struck  in  the  hollow  side  by  a  horizontal  current  from  a  reservoir 

at  a  considerable  head ;  the  current  enters  the  well  tangentially,  and,  after 
having  expended  its  force,  it  faX\s  between  the  open  paddles  to  the  bottom 
of  the  well.  The  maximum  efficiency  is  calculated  to  be  that  due  to  a 
velocity  of  the  centre  of  the  paddles,  when  they  are  struck,  equal  to  one- 
third  of  the  velocity  of  the  current;  and  the  efficiency  is  30  per  cent.  In 
practice,  the  efficiency  varies  from  15  to  40  per  cent. 

Whitelaw's  Water-Mill. 

Mr.  James  Whitelaw,  of  Paisley,  developed  the  principle  of  Barker's  mill, 
and  produced  an  efticient  motor.  Barker's  mill  consisted  of  two  hollow 
radial  arms  revolving  on  a  central  pipe,  through  which  water  under  pressure 
passed  to  the  extremities  of  the  arms,  and  was  ejected  through  an  orifice 
at  the  end  of  each  arm,  in  an  opposite  direction;  and  so  producing  rotatory 
motion.  In  Whitelaw's  mill,  the  arms  taper  from  the  centre  towards  the  cir- 
cumference, and  they  are  curved  in  such  a  manner  as  to  allow  the  water  to 
pass  from  the  central  openings  to  the  orifices,  in  directions  nearly  straight 
and  radial,  when  the  machine  runs  at  its  proper  speed;  so  that  very 
little  centrifugal  force  is  imparted  to  the  water  by  the  revolution  of  the 
arms,  and  that,  therefore,  a  minimum  of  frictional  resistance  is  opposed 
to  the  motion  of  the  water.  A  model,  15  inches  in  diameter,  measured  to 
the  centres  of  the  orifices,  with  a  central  opening  6  inches  in  diameter,  and 
two  orifices  of  discharge,  each  2.4  inches  by  0.6  inch, — ^was  tested  under 


uiyiii^uu  by  GoOglc 


940 


WATER-WHEBL& 


a  head  of  xo  feet,  making  387  revolntioiis  per  minute.  The  efficiency 
amounted  to  73.6  per  cent  At  324  revolutions,  the  efficiency  was  71  per 
cent  According  to  the  results  of  tests  of  another  model  mill,  made  by 
competent  engineers,  the  efficiency  amounted  to  76  per  cent.,  when  the 
speed  of  the  ontices  was  equal  to  thai  due  to  the  height  of  the  fall. 

A  water-mill,  on  Whitelaw's  system,  0  55  feet  in  diameter,  having  circular 
orihces  4.944  inches  in  diameter,  with  a  fail  of  25  feet,  was  erected  on  the 
Chard  Canal  in  1842,  for  the  purpose  of  hauling  boats  up  an  inclined  plane. 
The  net  work  done  by  the  machine  represented  an  efficiency  of  67.3  per 
cent,  with  the  resistance  of  the  gearing  in  addition.  It  was  estimated  that 
the  actual  duty  of  this  mill  amounted  to  75  per  cent^ 

Turbines. 

Ttubines,  like  Whitelaw's  mill,  apply  the  force  of  water  by  impact  and 
reaction  combined;  but  they  comprise  an  additional  feature  not  embodied 
in  Whitelaw's  mill,  the  employment  of  guide-blades  to  change  the  direc- 
tion of  the  water  descendmg  under  a  head,  so  as  to  cause  it  to  enter 
tangentially  between  the  blades  of  the  wheel.  The  blades  of  the  wheel  are 
so  curved  as  to  receive  the  water  without  shock,  and  to  discharge  it  hori- 
zontally. Turbines  are  of  three  kinds; — outward  flow,  downward  llow,  and 
inward  flow. 

Olt\v.\ri)-Flow  Turbines. 

Foumeyron  Turhint. — This  turbine  acts  with  an  outward  flow;  that  is  tt> 
say,  the  water  enters  from  above  through  a  central  opening,  and  is  guided 
by  curved  blades,  to  be  discharged  laterally  at  the  base  of  a  circular  chamber, 
or  well,  equally  at  all  parts  of  the  circumference,  into  the  buckets  or  curved 
blades  of  the  wheel.  The  wheel  is  annular,  and  closely  surrounds  the 
circular  chamber;  thus  it  receives  the  whole  of  the  water  at  its  maximum 
velocity,  and  it  is  the  fimction  of  the  curved  blades  to  receive  and  transmit 
the  force  of  the  water,  and  to  disc  harge  the  water  at  the  outer  circumference 
of  the  wheel,  with  the  least  possible  residual  velocity. 

When  the  supply  of  water  is  insufficient  for  working  the  turbine  at  its 
full  power,  the  exit  openings  from  the  well  are  partially  closed  by  a  cyiin> 
drical  sluiro  which  is  lowered  ujion  them  to  the  required  extent. 

The  ethciency  is  reduced  in  proportion  as  the  sluice  is  lowered,  for  the 
action  of  the  water  on  the  wheel  is  less  favourably  exerted.  M.  Morin 
tested  a  Foumeyron  turbine,  2  metres,  or  6.56  feet  in  diameter,  and  he 
fotmd  that,  in  this  way,  the  efficiency  varied  from  a  maxmittm  of  79  per  cent 
to  24  per  rent.,  when  the  supply  of  water  was  reduced  to  a  fourth  of  l^e 
full  supply.  In  practice,  the  radial  length  of  the  buckets  or  floats  of  the 
wheel  is  a  fourth  of  the  radius,  for  falls  not  exceeding  6  '  2  foet,  three-tenths 
for  falls  of  from  6  '4  to  19  feet,  and  two-thirds  for  higher  falls. 

Boydcn  Turbine.  —  Mr.  lioydcn.  of  Massac  husrtts.  designed  an  outflow- 
turbine  of  75  horse  power,  which  realized  an  eftkiency  of  88  per  cent.  The 
peculiar  features,  as  compared  with  Foumeynm's  turbine,  are,  ist,  and  most 
important,  the  conducting  of  the  water  to  the  turbine  through  a  vertical  trun- 
cated cone,  concentric  with  the  shaft.  The  water,  as  it  descends,  acquires  m 
gradually  increasing  velocity,  together  with  a  spiral  movement  in  the  directioa 

»  Sec  Description  of  iVhittUnu  <5r*  Stirrais  FaUtU  IVater-miU,  1843. 
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of  the  motion  of  the  wheel.  The  spiral  movement  is,  in  fact,  a  continua- 
tion of  the  motion  of  the  water  as  it  enters  the  cone.  2d.  The  guide-plates 
at  the  base  are  indmed,  so  as  to  meet  tangentially  the  approaching  water. 
3d.  A difiuser,"  or  annular  chamber  surrounding  the  wheel,  into  which  the 
water  from  the  wheel  is  discharged.  This  chamber  expands  outwardly, 
and  thus  the  escaping  velocity  of  the  water  is  eased  off  and  reduced  to 
a  fourth  when  the  outside  of  the  diffuser  is  rea(  bed.  The  effect  of  the 
diffuser  is  to  accelerate  the  velocity  of  the  water  through  the  machine  ;  and  the 
gain  of  efficiency  is  3  per  cent    The  diffuser  must  be  entirely  submerged. 


Lieutenant  F.  A.  Mahan,  U.S.,  has  deduced,  from  the  practice  of  Mr. 
Boyden,  the  following  rules  for  proportioning  outwaid-flow  turbines.  He 

has  also  deduced  the  formulas  which  follow  from  the  results  of  Mr.  Francis* 
experiments  on  Mr.  Boyden's  turbines  at  the  Tremont  Mills,  LoweUL^ 


For  falls  of  from  5  feet  to  40  feet,  and  diameters  not  less  than  2  feet: — 
I  St.  The  sum  of  the  shortest  distances  between  the  buckets  should  be 
equal  to  the  diameter  of  the  wheel.  2d.  The  height  of  the  orifices  at  the 
circumference  of  the  wheel  should  be  equal  to  one-tenth  of  die  diameter 
of  the  wheeL  3d.  The  width  of  the  crowns  should  be  four  times  the 
shortest  distance  between  the  buckets.  4th.  The  sum  of  the  shortest  dis- 
tances between  the  curved  guides,  taken  near  the  wheel,  should  be  equal 
to  the  interior  diameter  of  the  wheel. 

For  falls  irreater  than  40  feet,  the  2d  rule  should  be  modified:  the  height 
of  the  orifices  should  l)e  smaller  in  proportion  to  Uie  diameter  of  the  wheel. 

On  the  basis  of  these  rules,  an  efficiency  of  75  per  cent,  may  be 
obtained. 

Formulas  Jar  tiu  proportiom  and perjormatue  of  Outward-fiow  Turbines, 


RuLBS  FOR  Outward-Flow  Turbinxs. 


Rtt/es  for  Proportioning  Ouiivard-floiv  Turbines. 
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^  H^aier-  IVJuds  and  Hydraulic  Motors.   New  York,  1876. 
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D  -  the  exterior  diameter  of  the  wheel. 

d—the  interior  diameter  of  the  wheel. 

H  =the  height  of  the  orifices  of  discharge  at  the  outer  circumference. 
W  =  the  width  of  the  crown  of  the  buckets. 
N=:the  number  of  buckets. 

«  =  the  number  of  guides. 

TCf  —  ihc  shortest  distance  between  two  adjacent  buckets. 
w'-thQ  shortest  distance  between  two  adjacent  guides. 
HP=the  actual  horse-power  of  the  turbine. 
Ar:the  height  of  the  fall  acting  on  the  wheel. 

Q  -  the  quantity  of  water  expended  by  the  turbine,  in  cubic  fect  per  second. 

V-the  velocity  due  to  the  fall. 

V'=the  velocity  of  the  water  passing  through  the  narrowest  sections  of  the 
wheel. 

v=the  velocity  of  the  interior  circumference  of  the  wheel. 
C=the  coefficient  for  V  in  terms  of  V,  or  ^. 

The  dimensions  are  in  feet;  and  the  velocities  in  feet  per  second. 
These  formulas  are  only  to  be  taken  as  guides  for  practice;  not  as 
established  proportions. 

Downward-Flow  Turbines. 

Fontaine's  Turbine. — In  turbines  constructed  with  downward  flow,  the 
wheel  is  placed  below  an  annular  series  of  guide-blades,  by  which  the  water 
is  conducted  to  the  wheel.  The  water  strikes  the  curved  floats  of  the  wheel, 
and  it  falls  vertically,  or  nearly  so,  in;p  the  tail-race.  The  print  iple  of  action 
is  the  same  as  that  of  the  outward- tiow  turbme;  but  the  centrifugal  action 
of  the  latter  is  avoided,  and  the  downward  flow  is  more  compact 

The  Fontaine  turbine  yields  an  efficiency  of  70  per  cent,  when  fully 
charged.  When  the  supply  of  water  is  shut  off  to  three-fourths,  by  the 
sluice,  the  eflficiency  is  57  per  cent.  The  best  velocity  at  the  mean  c  ircum- 
ference  of  the  wheel,  is  C(nial  to  55  per  cent,  of  that  due  to  the  height  of 
fall.  It  may  vary  a  fourth  of  this  either  way,  without  materially  aftecting 
the  efliciency.  An  eihciency  of  70  per  cent,  is  guaranteed  by  manufac- 
turers. 

J<mval  Turbine, — This  turbine  is,  essentially,  the  same  as  Fontaine's;  but, 
for  convenience,  it  is  placed  at  some  height  above  the  level  of  tiie  tail- 
water,  withm  an  air-tight  cylinder,  or   draft-tube,''  so  that  a  pvtial  vacuum 

or  reduction  of  pressure  b  indut  cd  under  the  wheel,  and  the  eflfect  of  the 

wheel  is  by  so  much  increased.  The  resulting  efficiency  is  the  same  as  if 
the  wheel  were  placed  at  the  level  of  the  tail-race;  and  thus,  whilst  the 
turbine  may  be  placed  at  any  level,  advantage  is  taken  of  the  whole  height 
of  the  fall. 

The  efficiency  under  a  full  charge  is  72  per  cent  The  best  velocity  at 
the  exterior  of  Uie  wheel,  is  70  per  cent  of  that  due  to  the  total  fall 

Turbine  by  the  North  Moor  Foundry, — ^The  water  is  conducted  by  a  pipe 

into  a  spiral  water-chamber  surrounding  the  wheel,  finom  which  it  is  guided 
through  the  guides  or  water-ports  horizontally  on  to  the  middle  of  the 

circumference  of  the  wheel,  so  as  to  enter  the  curved  wings  or  buckets 
without  any  shock.  After  traversing  them,  it  passes  off  vertically,  or 
nearly  so,  on  both  sides  of  the  wheel,  above  and  below,  to  the  tail-race. 
The  buckets  are,  for  this  purpose,  constructed  in  two  rings,  with  right 
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and  left  curvatures,  meeting  at  the  middle,  at  an  acute  angle,  wheie  the 
water  enters  and  is  divided  equally  between  them.  The  flow  is  partially 
inwards,  combined  with  vertical  flow. 

Inward-PYow  Turbines. 

Vcrlex  Wheels  or  Inward-flimi  Turbine. —  Tlie  vortex  wheel  is  made  with 
radiating  vanes,  and  is  surrounded  by  an  annular  case,  closed  externally, 
and  open  internally  to  the  wheel,  having  its  inner  circumference  fitted  with 
four  curved  guidefassages.  The  water  is  admitted  by  one  or  more  pipes 
to  the  case,  and  it  issues  centripetally  through  the  guide-passages  upon  the 
circumference  of  the  wheel.  The  water  acting  against  the  curved  vanes  of 
the  wheel,  the  wheel  is  driven  round  at  a  velocity  dependent  on  the  height 
of  the  fall,  and  the  water,  having  expended  its  force,  passes  towards  and  out 
at  the  centre.  This  wheel  has  realized  an  efficiency  as  high  as  77^  per 
cent.    It  was  originally  designed  by  Professor  James  Thomson. 

Swain  Turbine. — In  the  Swain  turbine  are  combined  an  inward  and  a 
downward  discharge.  The  receiving  edges  of  the  floats  of  the  wheel  are 
vertical,  opposite  the  guide-blades,  and  me  lower  portions  of  the  edges  are 
bent  into  the  form  of  a  quadrant.  Each  float  thus  forms  with  the  surface 
of  the  adjoining  float  an  oudet  which  combines  an  inward  and  a  downward 
discharge.^  A  Swain  turbine,  72  inches  in  diameter,  was  tested  at  Boott 
Cotton  Mill,  U.S.,  by  Mr.  J.  B.  Francis,  for  several  heights  of  gate,  or 
sluice,  from  2  to  13.08  inches,  and  circumferential  velocities  of  wheel  ran- 
ging from  60  per  cent,  to  80  per  cent,  of  the  respective  velocities  due  to  the 
hejids  acting  on  the  wheel.  For  a  velocity  of  60  per  cent.,  and  for  heights 
of  gate  varying  within  the  limits  already  stated,  the  efficiency  ranged  from 
47^  to  76^^  per  cent,  and  for  a  velocity  of  80  per  cent,  it  ranged  from 
37)^  to  83  per  cent  The  maximum  efficiency  attained  was  84  per  cent, 
with  a  12-inch  gate  and  a  velocity-ratio  of  76  per  cent.;  but  from  9-inch  gate 
to  r  3-inch  gate. — say,  from  two-thirds  gate  to  full  gate. — the  maximum  effici- 
ency varied  within  very  narrow  limits — from  83  to  84  per  cent., — the  velocity- 
ratios  being  72  per  cent,  for  the  9-inch  gate,  and  76^  per  cent,  for  full 
gate.  At  hah-gate,  the  maximum  efticiency  was  78  per  cent,  when  the 
velocity-ratio  was  68  per  cent  At  quarter-gate,  the  maximum  eflkiency 
was  61  per  cent,  and  the  velocity-ratio  66  per  cent 


TANGENTIAL  WHEELS. 

Wheels  to  which  the  water  is  apphed  at  a  portion  only  of  the  circumfer- 
ence, are  called  tangential  wheels.  They  are  specially  suited  for  very 
high  falls,  where  a  consideral)le  diameter  and  high  tangential  velocity  may 
be  combined,  with  a  moderate  sjieed  of  revolution.  The  Girard  turbine 
belongs  to  this  class.  It  is  employed  at  Goeschenen  station,  for  the  works 
of  the  St  Gothard  tunnel;  and  it  works  under  a  head  of  279  feet  The 
wheels  are  7  feet  10^  inches  in  diameter;  they  have  80  buckets,  and  their 
regular  speed  is  160  turns  per  minute,  with  a  maximum  charge  of  water  of 
67  gallons  per  second.  It  is  said  that  the  Girard  turbines  employed  at  the 
Paris  water-works  have  yielded  an  efficiency  as  high  as  87  per  cent;  ordi- 
narily, the  efficiency,  it  is  said,  is  from  75  to  80  per  cent 

"^Journal  of  the  Fmtiklin  lusdtutf,  Aj>ril,  1875.  ^'^c  also  a  notice  in  the  yVwwfl/w^j* 
of  thi  InstUiUion  of  Civil  En^neers^  vol.  xli.,  paj^e  334. 
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The  effective  woik  done  by  a  pump,  in  raising  water,  is  equal  to  the  pro- 
duct of  the  weight  of  water  lifted,  by  the  height  through  which  it  is  raised. 
The  efficiency  of  the  pump  is  the  ratio  of  the  effective  work  to  the  whole 
work  expended  in  driving  the  pump. 

Reciprocating  Pumps. 

The  efficiency  of  well-proportioned  reciprocating  pumps  is  from  75  to 
85  per  cent;  ordinarily,  it  is  not  more  than  75  per  cent,  and  is  often 
less  tlian  that  In  weU-made  pumps,  in  good  order,  the  volume  of  water 
passed  is  96  or  97  per  cent,  of  the  volume  described  by  the  piston;  but, 
for  ordinary  pumps,  it  is  f)nly  from  80  to  90  per  cent,  \Mien  the  speed  of 
the  pumj)  is  very  rapid,  the  v(3liime  of  water  may  be  equal  to  or  greater  than 
the  volume  described  by  the  piston.  In  siu  h  instances,  the  column  of  water 
continues  in  motion  after  the  piston  has  arrived  at  the  end  of  its  stroke. 
Ordinary  well-made  pumps  may,  with  certainty,  draw  water  from  any  depth 
not  exceeding  2  7  feet  M.  Gaudel  gives  the  results  of  experimental  tests 
of  various  pumps: — 

Ratio  of  Volume  of  Water 
Eflcicacjr.  to  Aat  deacribad 

bythaPiaioB. 

Fire-engines : — Height,  10  to  16  feet,      20.7  per  cent    91  per  cent 

Worked  with  hoae^..       35.8      „    91  „ 

Pumps  for  drainage,   50  to  69       „    93  „ 

Pumps  in  towns,  double>acting,        701075      „    90  to  95  „ 

Mr.  R.  Davison^  gives  the  duty  of  6-inch  three-throw  pumps  employed  in 
raising  water  at  a  l)rewery,  widi  the  indicator  horse-power  consumed,  from 
which  the  following  deductions  are  made.  A  barrel  of  water  holds  36 
gallons: — 

^iKd.^**  Lift  Gross  Power.         ^T^^^^  Efficiency 


lifted.  oross  rower.  ^^^^^^ 

120  barrels,   165  feet,  4.7  H.P.  3.^     H. P.,  or  77  per  cent 

ifobarrds,   140  „  6.2    „  4.07     „    or6k.o  „ 

^    n    54  »        i»o    „  .785    „    or  78.5 

»5o    n    4B  „  4.87  t>  2.18     „  ar45 


n 
n 


Average,   66.5  „ 

^  Pi'VCtiiiMgi  if  (Ae  iMStUiithH  of  Cadi  Engineers,  voL  ii.,  year  1843,  pa^je  79 
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A  double-acting  inimp,  constructed  by  M.  Farcot,  was  tested  l)y  M.  Tresra. 
It  contains  two  barrels  jjlaced  vertioilly,  side  by  side,  and  worked  hoin  a 
shaft  oveifaead,  with  two  oaiikSy  driven  through  a  belt  pulley.  The  cranks 
coincide,  so  that  the  buckets  of  the  pumps  reciprocate  simultaneously.  The 
valves  of  the  first  bucket  open  downwards,  and  those  of  the  second  bucket 
upwards.  They  are  made  as  large  as  possible,  and  no  other  valves  are 
required.  The  water  enters  at  the  ui)per  part  of  the  first  barrel,  and  leaves 
at  the  upper  part  of  the  second  barrel,  passing  from  one  to  the  other  by  a 
connecting  chamber  at  the  bcjtlom.  IJy  this  arrangtment,  the  first  barrel 
forces  the  water,  and  the  second  barrel  draws  the  water,  and  a  continuous 
Stream  is  set  up.  The  barrels  of  die  pump  were  i8  inches  in  diameter, 
with  a  stroke  of  6  inches.  The  following  are  classified  results  of  performance, 
n  which  the  efficiency  is  expressed  in  parts  of  the  dynametric  power  expended 
in  driving  the  pump: — 


Speed  of  the 

Total  Head. 

Ratio  of  Volume 
of  Water  to  Caoft- 
city  of  Ptunp. 

turos  per  minute. 

33.00 
42.40 

55.08 
60.55 

feec 
14.10 
14.10 

14.10 
16.63 

per  ccnl. 

43-1 
43-" 
44.7 
53-7 

per  cent. 
96 

92 
94.5 

Averages,.... 

14.73 

46.1 

^3-75 
6aoo 

23.22 
27.32 

63.7 

J  J' 
53.0 

017 

95-4 

Averages,.... 

25.16 

56.6 

39.62 

43.75 

40.50 

55.00 
28.00 

33.54 
33.54 

33.39 
35.55 

35-55 

66.7 

69 

61.2 

63.2 

714 

97.6 
98.1 

91.4 

95.4 
91.2 

Averages,.... 

34.31 

456^ 

3t.oo 

24.33 
52.68 

32.50 

55.00 

5aoo 

61.98 

55.00 

42.80 
45.62 

45.62 
46.28 
46.97 

49-33 
51.00 

75-44 

73.6 

73.7 

71.0 

66.5 
70.4 
7i«o 
68.7 
70.4 

93-9 
89.8 

95-3 

917 
94.8 

95.8 

9^S 
92.5 

Averages,.... 

50.38 

70.7 

From  these  data,  it  is  evident  that  the  efficiency  increases  with  the  height 
of  the  lift, — a  result  which  is  explained  by  the  less  proportion  of  the  con- 
stant resistances  of  the  pumps  to  the  work  done  at  higher  lifts. 

60 
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CENTRrruGAL  Pumps. 

The  Appold  pump,  made  with  curved  receding  blades,  is  the  fonn  of 
centrifugal  pump  most  widely  known  and  accepted.  M.  Morin  tested  three 
kinds  of  centrifugal  or  revolving  pumps: — ist,  on  the  model  of  the  Appold 
pump;  2d,  having  straight  receding  blades  inclined  at  an  angle  of  45"  with 
the  radius;  3d,  having  radial  blades.  They  were  12  inches  in  diameter  and 
$)i  incites  long,  and  had  6-inch  central  openings.  Their  efficiencies  were 
respectively  as  foUows: — 

1.  Curved  blades,    Efficiency,  48  to  68  per  cent, 

2.  Inclined  blades,   »       4^  to  43  „ 

3.  Radial  blades,    „  24  ^ 

The  height  to  which  water  ascends  in  a  pipe,  by  the  action  of  a  centri- 
fugal pump,  would,  if  there  were  no  other  resistances,  be  that  due  to  the 

velocity  of  the  circumference  of  the  revolving  wheel,  or  to  — .   The  results 

of  experiments  made  by  the  author  on  two  pumps,  at  the  Intemational 
Exhibition  of  1862,  yielded  the  following  data,  showing  the  height  to  which 
the  water  was  raised«  without  any  discharge: — 

(blades  partly  radial,  t^!^i£^\ 
curved  at  the  ends}. 

Diameter  of  pump-wheel,   4  feet,  4  feet  7  inches. 

Revolutions  per  minute,   177  954 

Velocity  of  circumference,  per  second,.*.     37«o5  fee^  22.9  feet 

Head  due  to  the  velocity,   21.45    »  8.194  „ 

Actual  head,   18.21   „  5.S33  „ 

Do.  in  parts  of  head  due  to  velocity,        85  per  cent       71.2  per  cent 

Mr.  David  Thomson  made  similar  experiments  with  Aj)pold  pumps  of 
from  1.25  to  1.7 1  feet  in  diameter,  the  results  of  which  showed  that  the 
actual  head  was  about  90  per  cent  of  the  head  due  to  the  velocity. 

M.  Trcsca,  in  1861,  tested  two  centrifugal  pumps,  18  inches  in  diameter, 
with  a  9-inch  central  opening  at  each  side.  The  blades  were  six  in  number, 
of  which  three  sfMrung  from  the  centre,  where  they  were  ^  inch  thick;  the 
alternate  three  only  sprung  at  a  distance  equal  to  the  radius  of  the  opening 
from  the  centre.  They  were  radial,  except  at  the  ends,  where  they  were 
ciir\cd  ba(-kward,  to  a  radius  of  about  2^  inches;  and  they  joined  the  cir- 
cumference nearly  at  a  tangent.  The  width  of  the  blades  was  taper  ;  the 
blades  were  5^  inches  wide  at  the  nave,  and  only  2^3  inches  at  the 
Olds:  so  designed  that  the  section  of  the  outflowing  water  should  be  nearly 
constant 

M.  Tresca  deduced  from  his  ex])eriments,  that,  in  making  from  630  to 
700  revolutions  per  minute,  the  efficiency  of  the  pump,  or  the  actual  duty  in 

raising  water,  throui^h  a  height  of  31.16  feet,  amounted  to  from  34  to  54 
per  cent,  of  the  work  applied  to  the  shaft;  or  that,  in  the  conditions  of  the 
e\i)eriment,  the  pump  ( ould  raise  upwards  of  16,200  cubic  feet  of  water 
per  hour,  through  a  height  of  33  feet,  with  about  30  horse-power  applied  to 
the  shaft,  and  an  efficiency  of  45  per  cent. 

According  to  Mr.  Thomson,  the  maximum  duty  of  a  centrifugal  pump 
worked  by  a  steam-engine,  varies  from  55  per  cent  for  smaller  pumps  to 
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70  per  cent  for  larger  pumps.  They  may  be  most  elTectively  used  for  low 
or  for  moderately  high  lilts,  of  from  15  to  20  feet;  and,  in  such  conditions, 
they  are  as  efficient  as  any  pumps  that  can  be  made.  For  lifts  of  4  or  5  feet 
tiiey  are  even  more  efficient  than  others.  At  the  same  time,  the  larger  the 
pump  the  higher  the  Hft  it  may  work  against.  Thus,  an  18-inch  pump 
works  well  at  a  20-feet  Hft,  and  a  3-feet  jtunip  at  a  30-feet  lift.  A  21-inch 
fan  at  a  40-feet  lift  has  not  given  good  results :  high  lifts  demand  very  high 
velocities.* 

The  efficiency  is  influenced  by  the  form  of  the  casing  of  the  [  ump.  The 
Hon.  R.  C.  Parsons  made  experiments  with  two  14-inch  fans  on  Appold's 

form  and  on  Rankine's  form.-  In  Rankine*s  fan,  the  blades  are  curved 
backwards,  like  those  of  Appold's,  for  half  their  length ;  and  curved  for- 
wards, reversely,  for  the  outer  half  of  their  length.  Plotting  the  results 
of  {performance  arrived  at  by  Mr.  Parsons,  the  following  are  the  se\eral 
amounts  of  work  done  per  pound  of  water  evaporated  from  the  boiler, 
reduced  for  a  speed  of  350  turns  per  minute: — 

Work  done  per  pound 
of  water  c^^ponted.  Ratio. 

Ibocpoaiuls. 

Appold  fan,  in  concentric  circular  casing,...  6,250,  as  i 

Do.,       in  spiral  casing,   9,000,  „  1.44 

Rankine  fan,  in  concentric  circular  casing,..  9,700,  „  1.55 

Do.,       in  spiral  casing,  12.500,  „  2 

These  data  prove  two  things: — ist,  that  the  spiral  casing  was  better  than 
the  concentric  casing;  2d,  that  Rankine's  Qgee4an  was  more  efficient  by 
one-half  than  Appold's  fan. 


Endless-Chain  Pump  of  Square  Boards. 

A  series  of  square  boards,  or  paddles,  5  or  6  inches  square,  strung 
together;  turning  on  two  centres;  inclined  at  an  angle  of  30**  or  40''  with 
the  horizon.  The  lower  end  is  immersed  in  the  water  to  be  raised,  and  the 
water  is  dragged  by  the  paddles  up  an  inclined  trough  to  the  higher  level. 
Efficiency,  40  per  cent 

When  the  endless-chain  pump  works  vertically,  the  paddles  pass  through 
a  vertical  pipe,  and  this  arrangement  is  sni:al)le  for  lifts  of  more  than  12  feet. 
Worked  by  from  4  to  8  men,  the  efficiency  of  the  vertical  endless-chain 
pump  is  65  per  cent.,  and  the  volume  of  water  raised  is  ^Jt^hs  of  the  volume 
described  by  the  paddles. 

Noria. 

The  noria  is  an  endless  chain  of  buckets  having  a  capacity  of  from  1 
to  3  gallons,  working  vertically.    The  efficiency  increases  with  the  height, 
because  a  given  excess  of  elevation  above  the  higher  level  is  required  for 
accommodation  for  delivering  the  water.   For  lifts  of  from  3  to  12  feet, 

*  **  Pumps,"  page  156,  in  Mr.  Humber's  H  al^  ^"PP^y  of  Citus  and  Timms. 

■  Sec  Mr.  Parsons'  paper  on  **  Centrifugal  Pumps,*^!n  the  /feedings  of  the  InsUbition 

of  Civil  f.n:^ineers  (1875-76),  vol.  xlvii.,  page  267.  It  is  due  to  the  author  of  this  pajw 
to  say  that  he  has  deduced  other  conclusions  than  those  drawn  in  the  text,  from  the 
comparative  results  of  the  experiments  with  Appold's  fan  and  Kankinc  s  fan. 
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the  efficiency  is  from  50  to  66  per  cent  For  higher  Ufts,  an  efficiency  of 
from  70  to  80  per  cent,  may  be  realized. 

WatertWorks  Pumping  Engines. 

The  indicator-power  of  the  single-acting  beam-cngincs  at  the  East  London 
Water-works,  according  to  Mr.  (SreaTes*  experiments,  was  effective  in  actual 
"pumping  duty/'  or  efficiency,  or  quantity  of  water  raised,  to  the  extent 
of  81  per  cent.  The  difference,  19  per  cent.,  was  absorbed  in  nearly  equal 
proportions  V  }  tlic  friction  of  the  engine,  including  that  of  the  pole,  on  the 
one  part,  and  the  friction  and  resistance  of  the  pump  on  the  other  part; 
being  each  nearly  10  per  cent,  of  the  "  total  load,"  or  indicator-power.^ 

Mr,  David  Thomson  gives  data  for  the  "pumping  duty"  of  the  double- 
acting  compound-cylinder  rotative  beam-engines  of  the  Chelsea  Water- 
works, in  which  the  cylinders  are  placed  verdcally  side  by  side,  under  one 
end  of  the  beam,  acting  on  the  Woolf  system.  It  appears  that  the  duty  is 
80  per  cent  of  the  indicator-power.* 

A  pair  of  compound  rotative  beam-engines,  designed  by  Mr.  E.  D.  Leavitt, 
jun.,  have  been  erected  at  the  St.  Lawrence  Water-works,  Mass.,  U.S.*  1  he 
first  and  second  cylinders  of  each  engine,  are  connected  one  to  each  end  of 
the  beam.  They  are  placed  together  under  the  main  centre,  and  conse- 
quently arc  direc  ted  obliquely  each  to  its  proper  end  of  the  beam  ;  and, 
whilst  the  lower  ends  are  close  together,  the  upper  ends  lie  apart  from  each 
Other.  The  connecting-rod  to  the  fly-i^eel  shaft  is  connected  to  the  first- 
cylinder  end  of  the  beam;  and  the  rod  to  the  pump,  to  the  second-cylinder 
end.  The  cylinders  are  fitted  with  gridiron  -valves,  having  a  large  area  of 
opening,  and  small  movement.  The  pumps  are  of  the  bucket-and-plunger 
type,  first  introduced  by  Mr.  David  Thomson,  in  England.  The  eflfective 
pressure  in  the  boiler  is  90  lbs.  per  scjuare  inch.  The  cylinders  are  t8  inches 
and  38  inches  in  diameter,  with  8  feet  of  stroke.  They  are  entirely  steam- 
jacketted.  The  clearance  averages,  for  the  first  cylinder,  2.43  per  cent., 
and  for  the  second  cylinder,  1.68  per  cent,  of  the  capacities  of  the  cyhnders 
respectively.  The  volume  of  the  connecting  pipe  between  thdr  upper  ends 
is  9.92  per  cent  of  that  of  the  cylinder.  The  pump-barrel  is  26}4  inches, 
and  the  plunger  is  18  inches,  in  diameter,  with  a  Stroke  of  8  feet.  The  fly- 
wheel is  30  feet  in  diameter,  and  weighs  16  tons.  From  the  results  of  the 
trials,  it  appears  that  the  steam  was  cut  off  at  about  30  per  cent,  of  the 
stroke,  with  an  initial  absolute  pressure  of  about  100  lbs.  per  square  inch. 
The  engines  made  iGj^  turns  per  minute,  and  yielded  about  195.5  indi- 
cator horse-power.  The  water  delivered  per  stroke  amounted  to  95  per 
cent,  of  the  capacity  of  the  pump.  The  total  quantity  of  coal  (Cumberland) 
consumed  was  equivalent  to  1.69  lbs.  per  indicator  hoise-power  per  hour; 
and  to  3.06  lbs.  per  horse-power  of  duty  at  the  pump.  The  efficiency  of 
the  engine  was  81.94  p^r  cent  The  duty  per  100  lbs.  of  coal  amounted  to 
96,200,000  foot-pounds.  The  quantity  of  water  evaporated  was  8.27  lbs. 
per  pound  of  coal,  and  (8.27  x  1.69==)  14  Ibs.  of  steam  was  consumed  per 
indicator  horse-power. 

*  Article,  **  Steam  Engine/'  1^  the  author,  in  the  Encyclopedia  Brikmnka^  6di  editioiL 

'  "On  I")oul)Ie-Cylin<]er  Pumping  Engines,"  by  Mr.  David  Thomson,  in  the  Froutdimgt 
0/  Ihe  Institution  of  Afechanical  Jingineers^  1 862,  page  268. 

•  Journal  of  tke  F^uktht  InsHtute,  November,  1876,  page  312.  Report  by  Messre. 
W.  £.  Worthen,  J.  C.  Hoadky,  and  J.  P.  Davis;  with  illustrations. 
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The  pumping  duties,  at  the  jnimp,  of  lartre  j)umping  engines,  whether 
single-acting  or  double-acting,  are  thus  seen  to  average  about  8i  per  cent, 
of  die  indicator  horse-power. 

Hydraulic  Rams. 

HydrauHc  rams  are  used  wlicre  there  is  a  considerable  tlow  of  water  with 
a  moderate  fall,  to  raise  a  small  portion  of  the  flow  to  a  height  greater  than 
the  fall.  The  outllow  of  water  falHng  througli  a  pipe,  when  the  lower  end 
of  the  pipe  is  suddenly  closed,  is  suddenly  arrested,  and  die  momentum  of 
the  Gunent  in  the  pipe  is  expended  in  forcing  a  portion  of  itself  throu^^ 
another  pipe, — ^the  deKrery-pipe, — into  an  elevated  reservoin  When  the 
momentum  is  expended,  the  upward  cunent  ceases  to  flow,  the  vahres  in 
the  delivery-pipe  are  closed  against  the  return  of  the  elevated  water;  and 
the  valve  by  which  the  supply  current  was  arrested,  opens  as  it  is  relieved 
of  the  momentary  excessive  pressure,  and  the  outflow  is  resumed.  Thus,  by 
a  succession  of  impulses,  the  water  is  lifted.  Mr.  C.  L.  Hett  recommends 
Daubuisson  s  formula  for  the  efficiency: — 

^■  =  Ma-.»8y|:    (.,) 

the  quantity  of  water  used,  in  gallons  per  minute. 
=  the  quantity  of  water  raised,  in  gallons  per  minute. 
A  s  the  head  used,  in  fieet 
^Bthe  lift,  in  feet 


Mr.  Hett^  gives  the  following  tal)le,  calculated  by  means  of  Daubuisson's 
formula,  showing  the  efficiency  or  percentage  of  duty  due  to  proportions  of 
lift  to  fall,  of  from  4  to  26 : — 


Lift,  when  the 
FaUsi. 

Lift,  when  the 
F«tt>t. 

Lilt,  when  th« 
Fan  SSI. 

EfBocHcy. 

imtio. 

percent. 

ratio. 

per  cent. 

ndo. 

percent. 

4 

86 

12 

45 

20 

17 

1 

79 

13 

41 

ai 

14 

u 

14 

37 

32 

II 

I 

63 

15 

34 

23 

8 

16 

30 

24 

5 

9 

58 

17 

27 

*1 

2 

10 

53 

18 

23 

26 

0 

II 

49 

19 

ao 

Mr.  Hett  recommends,  to  adopt,  allowing  for  contingencies,  only  five- 
mtOsa  of  the  dficiencies  here  given.  For  the  diameter  of  the  driving  pipe, 
he  gives  Eytelwein's  formula  as  sufficient  for  all  practical  purposes: — 


Diameter  of  pipe  in  inches ^  .058  V  quantity  of  water  in  gallons.  ...  ( 13 ) 

'  7TU  Ettghuer^  Janvaiy  7,  1876^  page  3. 
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HYDRAULIC  MOTORS. 

Hydrauuc  Press. 

The  acdon  of  the  hydraulic  press  depends  on  the  principle  that  fluids 
press  equally  in  all  directions;  and  if  the  pressure  applied  to  the  plunger  of 
the  force-pump  be  multiplied  in  the  ratio  of  the  sectional  areas  or  ^  the 
squares  of  the  diameters  of  the  plunger  and  the  ram,  the  product  is  the 

pressure  applied  to  the  ram. 

The  ram  is  packed  with  a  leather  collar,  and  according  to  the  results  of 
experiments  made  by  Mr.  John  Hick,  M.P.,*  the  friction  of  the  collar 
increases  direcdy  with  the  pressure  and  with  the  diameter;  and  it  is 
independent  of  Ae  depth  of  the  cdlar.  The  fiicdon  is  equivalent  to  i  per 
cent  of  the  pressure  for  a  4-inch  ram,  ^  i>er  cent  fot  an  8-inch  ram,  and 

per  cent  for  a  i64nch  ram.   The  following  formula  is  deduced:— 

Leather,  new  or  badly  lubricated,...  f-.o^ii  dp^    (14) 

Leather  in  good  condition,  /=  .0314  dp^    (15)- 

/=  the  total  frictional  resistance  of  a  leather  collar. 

d  ^  the  diameter  of  the  ram,  in  inches. 

/  =  the  pressure,  in  pounds  per  square  inch. 

Armstrong's  Hydraulic  Machines. 

In  a  paper  by  Mr.  Henry  Robinson,'  the  following  data  are  communi- 
cated, on  the  authority  of  Mr.  Pocy  Westmacott,  giving  the  coefficients  of 
effect  obtained  in  hychraulic  machines  of  ordinary  make, — 

Direct  acting, 

3  to  I,  

4  to  I,  

6  to  I  

8  to  I,  

to  to  1,  

13  to  I,  

14  to  I,  

16  to  I,  , 

These  coefficients  are  based  on  the  use  of  ordinary  hemp-packing,  and 
with  sheaves  and  wrought-iron  pins,  and  with  no  exceptional  arrangements 
for  lubrication.  But.  where  special  precautions  have  been  taken,  with 
large  sheaves  and  small  hard  steel  pins,  the  efficiency,  multiplying  20  to  1, 
wiih  a  load  of  17^  tons,  was  as  high  as  66  per  cent.  Well  made  cupped 
leathers,  used  instead  of  hemp-packing,  increase  the  efficiency. 

It  is  considered  that  the  coefficient  of  effect  obtained  from  a  steam- 
engine  pumping  into  an  accumulator,  may  be  taken  at  91.7  per  cent,  the 
loss  by  friction  amounting  to  8.3  per  cent.  It  is  found  by  eicperiment  that 
the  difference  of  pressure  with  the  accumulator  (at  700  lbs.)  rising  or  falling 
is  about  30  lbs.,  representing  .022  of  effect  The  compounded  efficiency 
will  therefore  be  asceriained  by  c  ombining  the  efficiency  of  the  engines 
with  the  above  varying  rates  of  efficiency. 

*  Sf^ons  J)ufmttary  of  F.tr^iitfcrin^,  papc  1992. 

•  **On  the  I  ransnussion  of  Motive-power  to  Dbiam  roinls,"  in  the  Proceedings  of  the 
ItuHtutwt  of  Cnril  Mngituen,  1876-77,  voL  xUx. 
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FRICTIONAL  RESISTANCES. 


INTERNAL  RESISTANCE  OF  STEAM-ENGINES. 

It  may  be  assumed  that,  taken  generally,  the  efficiency  of  steam-engines, 
that  is  to  say,  the  ratio  of  the  work  transmitted  through  the  engine  to  the 
fly-wheel  shaft,  to  the  effective  work  done  by  the  steam  in  the  cylinder,  in- 
creases with  the  power  of  the  engine.    When  engines  are  in  good  working 

order,  and  are  doing  their  full  duty,  the  efficiency  varies  from  80  per  cent, 
fur  smaller  engines,  to  90  per  cent,  for  larger  engines.  In  one  excejnional 
instance, — a  Corliss  engine  in  France, — the  efficiency  amounted  to  93 
per  cent 


RESISTANCE  OF  TOOLS.* 

The  following  are  results  of  Dr.  Hartig's  experiments  on  the  resistance  of 
took: — 

SingU-aaing  Sluarit^  Machmes, — ^The  power  necessary  to  drive  such 
tools  when  empty  is  eiq)res8ed  by  the  formula, — 

P«o.i+l^'   (1) 

26.7  ' 

P«  horse-power. 

/  =  maximum  thickness  of  plate  to  be  cut. 

;/  =  the  number  of  cuts  per  minute. 

a  ~  the  area  of  surface  cut  or  punched  per  hour,  in  square  inches. 
FB(ii66-f  1691  /)>  a  fiictor  expressing  the  work  requued  to  produce  a  cut 
or  sheared  surface  of  i  square  inch. 

The  power  required  to  do  the  work  itself,  in  addition  to  that  required  to 
drive  the  tool  when  empty,  is 

P-         -  ;F   , 

'   33»ooo  X  60  1,980,000 

For  example,  a  shearing  machine,  cutting  464S  square  inches  of  surface  per 
hour,  in  plates  0.4  inch  thick,  would  absorb  iiorsc-power  empty,  and 
4-3  horse-power  in  effective  work;  total,  say,  5  horse-power. 

*  The  above  rafticulan  of  the  resUtance  of  toob  are  abstracted  finom  a  notice  of  the 
nndts  of  Dr.  llartig*s  experiments,  fai  EngLmerimg  for  October  and  December,  1S74. 
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Plaie-bending  AfaMt€s.^Tht  net  woik  required  to  bend  a  plate  or  a  bar, 
is  expressed  by  the  formula, — 

F  =  55£H^i£l/,  for  cold  wroi^htwn  plates   (3) 

11,300^/'/  ^^j.      j^^^  -^^^  pj^^^g   ^  ^  J 

d,  /,  and  /  =  the  breadth,  thickness,  and  length  of  the  plate,  in  inches. 
r=  the  radius  of  curvature,  in  inches. 
Fsthe  net  work  of  bending  the  plate. 

The  power  required  to  drive  large  plate-bending  rolls,  when  empty,  is 

between  0.5  and  0.6  liorse-power. 

Circular  Saws. — The  horse-power  required  to  drive  chrcular  saws  running 
empty,  is 

 -  (5) 

32,000 

^=the  diameter  of  the  saw,  in  inches. 
IT  =  the  number  of  revolutions  per  minute. 

The  net  power  required  to  cut  with  a  circular  saw,  is  proportional  to  the 
cubic  contents  of  the  material  removed.  For  a  saw  for  catting  hot  iron, 
moving  at  a  circumferential  speed  of  7875  feet  per  minute,  and  making  a 
cut  0.14  inch  wide,  the  power  is  eiq>ressed  by  the  fonnulas— 

P^  =  0.702  A,  for  red-hot  iron   {  6  ) 

P«- 1.013  A,  ibr  red-hot  steel   (  7  ) 

A  -  the  sectional  area  of  surface  cut  through,  in  square  feet. 

Work  of  Ordinary  Cutting  Tlkflty  in  Mdal, — Materials  of  a  britde  nature, 

as  cast-iron,  are  reduced  most  economically  in  power  consumed,  by  h^vy 
cuts  ;  whilst  materials  which  yield  tough  curling  shavings  are  more  economi- 
cally reduced  by  thinner  cuttings.   The  foUowing  fonnulas  apply  to  light 

CUttint^  work : — 

The  power  required  to  plane  away  cast-iron  is, — 

Planitts  cast-iron,  P  =  W  (.0155  +  ^^^^^  (  8  ) 

W  =  the  weight  of  cast-iron  removed  per  hour,  in  pounds. 
s  -  the  average  sectional  area  of  the  shavings,  in  square  inches. 

For  planing  steel,  wrought-iron,  and  gun-metal,  with  cuts  of  an  average 
character, — 

Planing steeV   P  =  aii2  W   (  9  ) 

„     wrought-iron,        P=  .052  W   (  10^ 

„     gun-metal,   P=  .0127  VV,          (  11  ) 

For  turning  off  metals,  the  power  required  is  less  than  for  planing 
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them  off,  and  it  was  found  that  the  power  was  greater  for  smaller  diameters 
than  for  laiger  diameters. 

Tumittg  cast-iron,   P  =  .03 1 4  W,   (12) 

„      wrought-iron,....  P  =  .o327  W,   (13) 

„      steel,   P=:.047  W,   (14) 

ft 

For  drilling  metals,  the  power  required  to  remove  a  given  weight  of 
material  is  greater  than  in  planing.  Volume  is  taken  instead  of  weight 
in  the  formulas:  appUcable  to  holes  of  from  0.4  to  2  inches  in  diameter: — 

XVi/^w^ cast-iron, dry  P  =  ^  (.oi68-|--.5^7)  ...  (  15) 

„     wrought-iron,  with  oil,...  P  =  ^  (.0168 -h  1°-^?)  ....  (  16  ) 

a 

g-'  the  volume  removed,  in  cubic  inches  per  hour, 
the  diameter  of  the  hole. 

In  the  use  of  shaping  machines,  the  resistance  is  greater  for  notch-cuts 
than  for  cuts  on  flat  surfaces,  and  for  skm-cuts  than  for  under-cuts: — 


^/MSf  cast-wofi  fllmMits  Pa. 1087  W,...  ( 17) 

„         „      under  cuts,  P  =  .0604  W, . . .  (18^ 

„         „      wheel-teeth  (notch-cuts),.  P  » . i  ift  W,... (  19  ) 


Fewer  required  to  drive  Ordinary  CuiHtig  Tools  when  empty. — For  lathes, 
tlie  power  varies  with  the  number  of  shafts  between  the  driving  shaft  and 
the  main  spindle: — 

'iSIdSSi  ShilT"      L'K'^'  ^  '^'"P*y-  ""^>"  Laihcs,  Empty. 

o,          P -  .05  +  .0005  ;/   P  =  o.25+  .0031 //....(  20  ) 

I  or  2,          P    .05  +  .0012  //   P  ^  0.25  -h  .053  n  ....  (  21  ) 

3  or  4,          P-.05-f-.05w  P  =^  0.25 -I- 0.18//  ....(22) 

s  the  number  of  turns  of  the  lathe-spindle  per  minute. 

For  drilling  machines,  when  empty,  the  power  varies  according  to  the 
construction  of  the  machines,  with  or  without  intermediate  gearing: — 

a.  Drill,  without  gearing,   P  =  .ooo6«,         +  .000^  z/^..  (  23  ) 

If,  „    with  gearing  for  the  spindle,  P  =  .ooo6«,        -j-.ooi  //,...  (  24  ) 

e,  „   radial  drills,  without  gearing,  P  =  .0006  «,        -I-  .004    . . .  (  2 5  ) 

d.     „  „       with  gearing,  P  =  .04  -I-  .0006  «, + .004       (  26  ) 

«,  =  the  number  of  turns  ])er  minute  of  the  gearing  shaft 
«a  =  the  number  of  turns  of  the  drill. 

For  a  slotting  machine,  having  a  stroke  of  8  inches,  and  a  tool-holder  and 
slide  weighing  93^  lbs.,  running  empty, — 



4000 

«  -  the  numl)er  of  strokes  per  minute. 
s  =■  the  stroke  in  inches. 
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For  shaping  machines,  the  movements  of  which  are  slow,  the  power 
required  for  moving  the  machine,  when  empty,  is  only  from  lo  to  15  per 
cent  of  the  whole  power  required  to  work  the  machine. 

Sereuhcutting  Machines, — The  power  required  by  one  of  Sellers'  tools  for 
cutting  screws  on  shafts  or  on  bolts,  and  for  tapping  nuts,  is  expressed  by 
the  formulas: — 

Screwing  (netwoik)|   ^"^Hr-    (  ^ 

04 

Tapping      „    P-^*   (29) 

39 

d  =  the  diameter  in  inches. 

/  =  the  length  in  feet  cut  per  hour. 

The  additional  power  required  for  driving  a  screwing  machine  of  medium 
size,  is  about  one-fifth  of  a  iiorse*power. 

iVaod'OtHn^  Machines. — ^The  power  required  for  driving  circular-saws, 

when  empty,  has  been  given  by  formula  (5),  page  952.  The  net,  or 
additional,  power  required  to  do  the  work,  is  proportional  to  the  cubic  con- 
tents of  the  wood  reduced  to  sawdust,  at  the  rate  of  i  horse-j)ower  for 
I  cubic  foot  per  hour  of  soft  wood,  or  for  half  a  cubic  foot  of  hard  wood. 

Circular-saw,  hard  wood,   "6* (  3®  ) 

„      soft  wood,   P(  =  ^   (  3O 

A  B  the  sectional  area  of  surface  in  square  feet  cut  through  per  hour, 
r = the  wid&  of  the  cat,  in  inches. 

For  saw-frames,  cutting  dry  pine  timber,  the  net  power  required  to  do 
the  work,  exclusive  of  the  work  to  drive  the  machine  when  empty,  is  as 
follows : — 

Saw-finune, pine, .......  Pr = .00438 + .0065 ^   (33) 

S  -  the  stroke  of  the  saws,  in  feet 
r=  the  width  of  the  cuts,  in  inches. 
/  -  the  feed  per  cut,  in  inches. 
=  the  horse-power  required  per  square  foot  cut  through  per  hour. 

For  band-saws,  the  power  required  for  the  work  itself  Is: — 

Band-saw,  pine,          P,  =  .0034  +  ®  7  5 ^  ''^   ( 33  \ 

10,000  J 

n       oak,         P.=.oo483  +    (  34 ) 

,.      beech        P.  =  .005  76  +        '  "   (  3S  ) 

10,000  / 

V  -  the  velocity  of  the  band-saw,  in  feet  per  minute; 
/    the  rale  of  feed,  in  feet  i)er  minute. 
c  ^  the  width  of  the  cut,  in  inches. 
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In  planing  and  moulding  machines,  which  are  driven  at  high  speeds,  a 
large  proportion  of  the  total  power  is  absorbed  in  driving  the  machine  itself. 
The  formula  is, — 

Empty,  P  =  JL   (36) 

2000  ^  ' 

N = the  sum  of  the  turns  per  minute  made  by  the  several  shafts. 

The  net  power  required  for  moulding  and  shaping  wood,  is  given  by  the 

fonnulas:^ 

Pine,  P  =  .os66  +t5£|^  (37) 

Red  beech,  using  cutters,  P  =  .08895  +  '^^J^'  ( 38  ) 

„      using  cutting  discs,..  P  =  .0895  +  9. 138  s      (  39  ) 

P  =  horse-power  required  to  produce  i  cubic  foot  of  shavings  per  hour. 
A  -  the  height  of  wood  cut  down  to  form  the  moulding,  in  inches, 
/sthe  average  sectional  area  of  the  shavings,  in  square  inches. 

In  drilling  timber  with  holes  of  from  0.4  to  4  inches  in  diameter,  for 
depths  up  to  6  inches:— 

Drilling  pine,   P  =  ^  (.0001 25  +  '.^J-^-) ...  ( 40  ) 

„      alder,   P  =  ^  (.000472  +  -^^^3) ...  ( 41  ) 

„      white  beech,...  P  =  ^  (.003442  ...  (  42  ) 

Grindstones, — ^To  drive  grindstones  empty,  the  power  is  expressed  by  the 
formulas: — 

Large  grindstones  empty,...  Ps         .0000409  ^tr   (43) 

or     Pa        .000128  ^'ff   (44) 

Small  fine  »         „    ...  P  =  0.16  +  . 0000895 //v   (45) 

or     P  =  0.16 +.00028    (  4^) 

The  coethcients  of  friction  between  grindstones  and  metals  are  as 
follows : — 

Coane  GrindHoiies,  Fine  Grindstones, 

at  high  speeds.  at  low  speeds. 

For  cast  iron....   coefficient  .22    coefficient  0.72 

For  wrought  iron,   „        .44    „  i.oo 

For  steel,   „       .29    „  0.94 

Grindstones,  net  work,   P  =  ^     (  47  ) 

33»<»o 

p  =  the  pressure  between  the  material  and  the  stone. 

v=the  circumferential  velocity  of  the  stone,  in  feet  per  minute. 

K>the  coefficient  of  friction. 
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RESISTANCE  OF  COLLIERY  WINDING  ENGINES. 

For  working  shafts  from  246  to  580  yards  deep,  in  the  county  of  Durham, 
the  following  are  particulars  of  dimensions  and  pKerformance  of  engines  and 
winding  gear:^ — 

Dimensions. 


No. 

DUUKT-ACTINC  EMGINB. 

Cylinder. 

Speed 

of 
Pitton. 

Steam 

in 
Boiler. 

t 

'  Drums. 

i 

r 

Mcaa 
Dia- 

I 

2 

3 
4 

5 

1  cyL,  vertical,  condensing 

2  „  horizontal,  non-condensing 

^    n           ,1  n 

in.  in. 

65  X  84 

68  X  84 

40  X  72 

34x72 

48  X  72 

tL  per 
minute. 

176 

224 

291 
232 

\bs. 

19 

20 

40 

!  

flat 

conical 
tf 

flat 

feet 

36 

23.!^ 
21 

21^ 

Performance. 


Na 

Gross  Engine 
Power  per 
Minute. 

Duty.  Coal 
Raised,  per 
Miniiie. 

Efl|> 
denqr. 

Ropes. 

Average 
Speed  of 
Ropes. 

foot-pounds. 

fiM^ffounda. 

per 
cent. 

in. 

in. 

feet  per 
minute. 

I 
2 

3 
4 
5 

10,342.350 
15,403,000 

7,470,000 

4,375*596 
5,281,107 

7,729,344 
9,744,000 
4,077,000 
2,700,000 

3>956>i78 

75 
63 

75 

flat,  iron,  6)4 

round,  steel, 
round,  iron. 

X  ^ 

iH 

1020 
1180 
1689 
1302 
1300 

RESISTANCE  OF  WAGGONS  IN  COAL  PITS. 

The  average  resistance  of  waggons  used  in  the  Midland  coal  pits,  having 
four  15-inch  wheels  at  21 -inch  centres,  is  Vso^h  of  the  weight,  or  45  lbs.  per 
ton.  The  ])odies  of  the  waggons  are  4  feet  3  inc  lies  by  3  feet  wde,  and 
20  inclics  deep.  On  a  roadway  having  an  a\cragc  fall  of  i  in  30,  worked 
by  an  endless  chain,  passed  over  a  7  J  j-feet  grooved  pulley  at  the  end 
of  the  cour.se,  the  gravitation  of  full  waggons  descending,  supplies  sutVicient 
hauling  power  to  overcome  all  the  wheel-friction  and  take  up  the  empty 
waggons.  The  greatest  traverse  is  from  5000  to  6000  feet;  the  speed  is 
3  miles  per  hour,  and  the  tubs  or  waggons  are  attached  to  the  rope  at  intervals 
of  from  30  to  25  yards.' 

*  See  paper  by  Mr.  ("..  H.  Da^lish,  on  Winding  Engines,  in  FroueimgS  pf  the 
Institution  of  Mtchankal  Jiu^nteersy  187$,  page  21 7. 

*  Mr.  G.  Fowler,  FroetuHngs  0/ tke  ln^MtoH    MeektuUetd  Engineers,  1S70. 
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RESISTANCE  OF  MACHINERY  OF  FLAX  MILLS. 

M.  £.  Comut,  in  1871-72,  tested,  by  the  indicator,  the  resistance  of  the 
steam-engines,  shafting,  and  machinay  of  the  flax  miU  at  Ham^;icoiirt^ 
There  were  two  Woolf  engines,  with  v«9tical  cyhndeis  and  beam,  condens- 
ing, which  made,  at  r^Isor  speed,  25  turns  per  minute. 

First  cylinder  of  each  engine,         12.9  inches  diameter,  44.3  inches  stroke. 

Second  „  „  22.0     „        „       59.8  „ 

The  power  required  to  drive  the  machinery  was  verj'  variable.  It  varied 
7  5  or  20  per  cent,  accordins^  to  the  lubricant  employed,  and  the  mode  of 
lubrication: — 


With  v^^ble  oil  and  hand  oiling,  steam  pressure  required,  5  to  sX* 
With  mmeral  oil  and  continuous  otting,  „  „       4J<  nuudmum. 

Making  a  difference  in  pressure  of  at  least  15  per  cent.  In  accordance 
wiiii  this  result,  it  was  found,  by  direct  test,  tiiat,  in  lubricating  with  vege- 
table oil  (huiie  grasse)t  2.90  horse-power  per  xoo  spindles  (wet  system),  was 
consumed,  and  only  1.44  horse-power  with  mineral  oil,  miJdng  a  difference 
of  1 6  per  cent  But  the  modes  of  lubrication  are  not  distinguished.  Finally, 
with  vegetable  oil,  the  belts,  if  tight,  were  broken  at  starting  on  Monday 
mornings,  after  a  day's  stoppage;  but,  with  mineral  oil,  there  were  no 
breakages. 

The  quantity  of  mineral  oil  consumed  per  day,  in  lubricating  the  same 
three  pedestals,  was, — 


Showing  a  reduction  of  44  per  cent  by  continuous  oiling^ 

To  test  the  increase  of  resistance  by  want  of  lubrication,  the  engines, 
shafting,  and  belts,  were,  one  day  in  March,  187 1,  started  empty  (d  vid^, 
at  4  A.M.  At  6  A.M.,  30.08  horse-power  was  indicated.  All  the  lubricators 
were  then  removed,  except  two  next  the  engines,  and  the  oil  that  remained 
was  cleared  off  the  journals.  The  engines  and  shafting  continued  in 
motion,  and  observations  on  the  power  expended  were  made  at  intervals. 


Atmospheres. 


By  hand  oiling,  

By  continuous  oiling. 


29.0  grains. 
16.2  „ 


Observation. 


Time 

Elapsed 
after  Remov- 

in^;  the 
I  Lubricators. 


Indicator  Horse- 
Power. 


hours. 


per 


ist 
2d' 

3d 

4th 

5th 


o 
2 


3 

4 
6 


30.08 
31.60 

33.47 

35-34 
37.33 


17.45 
30.78 


ia9 


*  Essttis  Dymnwmetriauesy  Lille^  1871.  These  experiments  were  cuefiiUv  and  intelli- 
gently oondncted,  and  M.  Comiu's  coiidii8i<»s  appear  to  be  worthy  of  orafidence. 
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At  this  time,  the  journals  began  to  heat,  and  the  experiment  was  ended 
Taking  the  first  three  observations  to  repiesent  oidinaiy  practice  in 
hand-oiling,  a  variation  is  manifested,  of  from  5  to  lo  per  cent  of  re- 
sistance. 

From  comparative  tests  made  at  6  a.m.  and  at  11  a.m.,  respectively 
Yi  hour  and  5  ^2  hours  after  starting  in  the  morning,  the  total  resistance 
of  the  engines  and  mac  hinery  in  ordinary  work,  for  the  second  test,  was 
from  8  to  9  per  cent,  less  than  for  the  first  test  The  temperature  in  the 
workshops  had  risen  10**  or  11^  F.  in  the  interval 

The  resistance  of  the  engines  and  machines,  separately,  was  tested  during 
the  period  from  August,  187 1,  to  February,  1872: — 

The  engines,  shafting,  and  belts  only,  making  25  turns  of  the  engine  per 
minute,  expended  an  average  of  30.41  indicator  horse-power.  The  maxi- 
mum power  was  32.10  H.P.,  in  December,  1871. 

Four  cards  consumed  from  9.10  to  7.40  ; — average  8.42  H.P. 

14  drawing-frames  of  29  heads,  or  156  slivers,  consumed  from  6.82  to 
8.04; — average  7.19  H.P. 

6  roving-fiames,  of  330  spindles,  9.04  to  8.25;— average  8.67  H.P.,  or 
2.627  ^^  P-  per  spiiKlles. 

4  combing-machines,  2.228  H.P. 

20  spinning  frames,  dry,  1480  spindles,  47.50  H.P. 

20  spinning-frames,  wet,  2080  spindles;  spinning  Nos.  25  to  30,  46.59 
H.P.,  or  2.24  H.P.  per  100  spindles;  Nos.  40  to  70,  35.82  H.P.,  or  1.72 
H.P.  per  100  spindles.  For  several  particular  numbers,  the  power  was 
determined  to  be  as  follows: — 


No.  16^  3.300  H.P.  per  100  spindles. 

»   3^  2»7^      n  n 

ft  25,  2.262     „  „ 

n    2.190  „ 

»    30»   2.140      „  „ 

n    40|   I.9«7       n  >, 


M.  Comut  deduced  from  those  data,  that  the  horse-power  per  100  spindles 
varied  inversely  as  the  square  root  of  the  number. 

The  average  indicator-power  that  would  have  been  required  for  driving 
the  whole  of  the  machinery  in  full  work,  was  148.42  horse-power.  The 
actual  total  average  power  required  was  only  131.23  horse-power,  or  88  per 
rent,  of  the  power  for  full  work;  being  17.19  horse  power  less  than  for  the 
whole  of  the  machines.  This  reduction  represents  the  power  for  the 
proportion  of  machines  at  rest. 

The  power  required  to  drive  the  machines  when  empty  was  also  mea- 
sured. 

The  table  No.  318  contains  particulars  of  the  hor^power  required  for 
each  machine,  at  work,  and  empty.  The  indicator-power  may  be  divided 
thus: — 

Steam-engine,  shafting,  and  belts   30  I.H.P.  or  20  per  cent. 

Preparing  and  spinning  machincr>,  &c.,        120    „     or  80  „ 


150    „        100  „ 
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Table  No.  318. — Flax  Mill  at  Hami^oicourt — Horsk-Power  required 
TO  Drive  the  Engines,  Shakung,  and  Machinery. 

(From  M.  Cornut's  data.) 


DESCRimON. 


Engines,  shafting,  and  belts,.. 

4  Cards,  

1 4  Draw  ing  frames  (29  heads  ) 

or  1 56  slivers),  ) 

4  Combing  machines,  

6  Roving  frames  '330  spindles) 
20  Spinning  frames,  dry 

(1480  spindles),  

20  Spinning  frames,  wet 

(2080  spindles),  


tndicBtor  IIoffM>Pioiiv< 


Total  at 
Work. 


For  One  Machine  at 

Work. 


Total  horse-power,  all  at] 
work,  calculated    from  [ 

separate  experiments,  ) 

Total  hor.-powcr  that  would  \ 
have  been  actually  ex-  > 
pended,  all  at  work,  ) 


H..P. 
30.41 
8.42 

7.19 

3.22 
778 

47.50 

46.59 


For  One 
Machine 
EmpCy. 


151.00 


14842 


H.-P. 

2.10$ 

.0934  per  sliver 
55S 

2.627  P>  100  spindles 
3.21  » 

2.24  „ 


H.-P. 

1423 
.0794 
.151 
2434 
2.515 

1.613 


EflRciency 

of  the 
Machine!!. 


per  cent> 
32 

>5 

75 
7.3 

21.6 
19 


EstintiUwtt  of  fforse-pawer  reared  for  a  Flax  Spinning-imU, — Let  the 
power  be  expressed  in  terms  of  the  number  of  spindles  (fiiven  by  i  indi- 
cator horse-power.   M.  Comut  gives  the  following  data: — 

M.  Feray  d'Essone,.       55  spindles  per  H.P.  for  No.  40. 

ao      „         „        for  No.  6. 

35  spindles  per  H.P.,  for  Na  35  long  staple. 

No.  18  tow. 

40  spindles  per  H.P.,  for  Nos.  35  to  51  long  staple, 
Nos.  16  to  29  tow. 

36  spindles  per  H.P.,  for  Nos.  25  to  30  long  staple^ 
Nos.  14  to  23  tow. 


English  estimate 
(2000  to  1 2,000  spindles) 

Dr.  Hartig,  


Da   

M.  Comut: — 


3080  spindles,  wet,   34.4  spindles  per  H.P.,  long  fibre. 

$40     „      dry,  2ai     „  „ 

840     „       „    14-5  » 


3560 


n 

tow. 


23-7 


>» 


RESISTANCE  OF  MACHINERY  OF  WOOLLEN  MILLS. 

Dr.  Hartig,  of  Dresden,  tested  the  machinery  of  a  woollen  mill,  by  means 

of  a  dynamometer,  which  was  applied  directly  to  each  machine.  The  prin- 
cipal results,  showing  the  actual  horse-power  expended  in  driving  each 
machine,  whtn  empty  and  when  at  work,  are  given  in  table  No.-  319. 
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Table  No.  3I9.~Woollen  Machinery— Horse-power  Required 

TO  Drive  the  Machines. 

(Ffoni  Dr.  Haxtig's  data.) 


DBsaurrioN. 


Washing  machine,  two  cylinders,  .... 
Centrifugal  pump  for  this  machine,... 

Hydro-extractor,   

Burring  machine,  

Scutcher,  continuous  feed,  

Opening  machine,  

Scribbler  card,  40  inches  wide,  

Tntcimediate  card,  „  

Finishing  card,  ,,   

I  spindle,  spinning,  

I  spindle,  doubling,   

Sizing  and  warping  machine  (with-  ) 

out  ventilator),  ) 

Loom,  7.54  feet  wide,  

Scouring  machine,  lor  2  pieces,   

Fulling  mill,  I  cylinder,  tor  ttotmeautes^ 

Do.      3  flinders,  for  cloth, ... 

Double  fulling  mill,  for  tmnfetmiif^,,. 

Do.  do.    for  cloth,   

Single  fulling  stock,  two  stamps 
(Dobb's),   

DooUe  falling  stodk,  two  stamps  j 
(Spraagec^),  ^  j 

Gig(Za<nrMr),single,wi1ihont  spreader, 

Do.  double,   

Machine  for  dressing  the  reverse 

side^  with  cylinders,  

Machine  for  dressing  the  reverse 

side,  with  eccentrics,   

Wringing  machine,  lengthwise,  

Do.        do.  across,  

Bru-shing  machine,  one  cylinder,.... 

Do.       do.      two  cylinders, . . 


Indiouor  Horse-power. 


Ordinary  | 

Speed  in  J 
Tunis  per 
Miaultt.  1 

Eiapty. 

AtWoric 

hm- 
cicncy. 

At  WoA, 
Resistance 
of  Shafting 

included. 

turn. 

H.P. 

H.P. 

Voeot. 

H.P. 

35 
300 

1000  to  I2CX) 

350  to  500  1 

300 
350  to  450 

1 

•75 
«.47 

•47 
.42 

.34 

.223 

•77 
1.20 

1.77 

.66 

.58 

39 

i 

29  ' 

55  : 

40) 

^6  > 

•25 
.80 

1. 00 

"75 

.70 

I.CX> 

)  I 
2500 

IIOO 

.005 

.0027 
.006 

i3 

.003 
.007 

«7 

•O7I 

.075 

40  to  45 

40 
100 

45 
no 

100 

At. 
45 

•13 
•19 

.71 

.  10 

•  jr* 

.16 

"3 

.50 

2.54 

"59 
2.74 

1  AO 
3.26 

74 

93 
89 

73 

QI 

95 

1  .55 
2.25 
1.50 

2.75 
2.7s 

blows. 

»s 

1.64 

78 

1.70 

116 

I 

•75 

turns. 
90 
100 

•19 

.ao 

74 
86 

.75 
a.75 

JOO 

.11 

2.03 

94 

.45 

100 

•  17 

2.45 

!  93 

.90 

650 
1000 

250 

250 

.52 

•25 



•37 

1  .61 

.31 

1.03 

M 
22 

64 

.60 
.25 

.40 

.QO 

1 

RESISTANCE  OF  MACHINERY  for  CONVEYANCE  OF  GRAIN. 

Conveyance  of  Grain  honwntaUy  by  Screws  and  by  Bofids. — ^A  12-inch 
screw,  having  4  inches  pitch,  turning  in  a  trough,  with  a  clearance  of  ^  inch, 
revolving  with  the  speed  of  maximum  effect,  60  turns  per  minute,  discharged 

63/(  tons  of  grain  per  hour,  expending  .04  horse  power  per  foot  mn.  The 
sectional  area  of  the  body  of  grain  moved  was  40  ]n,  r  rent,  of  that  of  the 
screw.  At  speeds  abo\  e  60  turns  per  minute,  the  grain  did  not  advance, 
but  revolved  with  the  screw. 
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A  12-inch  screw,  having  a  12-inch  pitch,  deUvcred  34  tons  per  minute, 
at  70  turns  per  minute,  expending  .125  horse-power  per  Uneal  foot,  or 
3  7  per  cent  less  power  for  equal  weights  of  grain.  The  sectional  area  of  the 
grain  was  73  per  cent  of  that  of  the  screw. 

An  endless  band,  18  inches  wide^  travelling  at  about  9  feet  per  second, 
dehvered  70  tons  of  grain  per  hour;  power  expended,  .014  horse-power  per 
foot  run. 

To  convey  50  tons  per  hour  through  100  feet,  the  power  expended  by 
the  screw  was  18.38  H.P. ;  by  the  endless  band,  1.02  H.P. 

Grain  has  been  raised  by  a  dredger  30  feet  long;  efficiency',  50  per  cent* 
Mr.  Davison  states  tliat  95  feet  of  horizontal  Archimedi^m  screw, 
15  inches  in  diameter,  with  an  elevator  lifting  65  feet,  convey  40  quarters 
or  malt  per  hour,  for  an  expenditure  of  3. 13  indicator  horse-power. 


RESISTANCE  TO  TRACTION  ON  COMMON  ROAD& 

From  the  results  of  recent  and  carefully  conducted  experiments  made  by 
M.  Dupuit,  he  made  the  following  deductions  as  to  the  resistance  to  traction 
on  macadamized  roads  and  on  uniform  surfaces  generally: — 

1.  The  resistance  is  directly  proportional  to  the  pressure. 

2.  It  is  independent  of  the  width  of  tyre. 

3.  It  is  inversely  as  the  square  root  of  the  diameter. 

4.  It  is  independent  of  the  speed. 

M.  Dupuit  admits  that,  on  paved  roads,  which  give  rise  to  constant  concus- 
sion, the  resistance  increases  with  the  speed ;  whilst  it  is  diminished  by  an 
enlargement  of  the  tyre  up  to  a  certain  limit 

M.  Debauve*  has  deduced  fiom  experiment,  that  the  advantage  of  a  pave- 
ment over  a  metalled  road  is  considerable  for  waggons,  is  less  for  stage- 
coaches, and  is  nearly  nothing  for  voituns  de  iuxe,  or  private  carriages.  He 
summarizes  the  lesistanoes  as  follows: — 

v..„„-i  R  Rksistamoi  to  Tbaction. 

hMicLB.  Metalled  Roads.  On  Paved  Roads. 

Waggon,   67  lbs.  per  ton   38  lbs.  per  ton. 

Stage-coach,...   67    45  „ 

Cabriolet,          81       „    76  to  83  „ 

M.  Tresca  tested  the  resistance  of  a  tramway  omnibus  on  Loubat's 
system,  adapted  with  wheels  for  running  on  a  common  road.  The  experi- 
ments were  made  on  an  inclined  street  in  Paris,  in  good  condition,  having 
ascending  gradients  of  i  in  55,  one  part  of  which  was  paved,  and  another 
part  maoulamized.  The  firicrional  resistance,  after  the  gravitation  on  the 
mdine  was  eliminated,  was  as  lbUows>- 

Cross  Weisht.  Speed.  Frictional  ResiUtance. 

^'"^^  ICMM.  ailMperlwv.  Ibi.  pvton. 


Macadam,   5.67    10,7    83 

Pavement,   5.67    10.  i    66 

*  The  above  data  are  derived  from  Mr.  Westmacott's  paper  on  "  Corn- Warehousing 
Machinery,"  Proceedings  of  the  InOihition  of  Mechanical  Engineers^  1869,  page  ao8. 
^  MoHud  de  rjngimmr  da  Flmit  d  ChatuUetf  1873;  ^fuaxx^  page32> 

81 
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FRICTION AL  RESISTANCES. 


RESISTANCE  OF  CARTS  AND  WAGGONS  ON  COMMON 

ROADS  AND  ON  FIELDS. 

The  resistance  to  traction  of  agricultural  carts  and  waggons  was  tested  at 
Bedford  in  July,  1874,  by  means  of  a  horse-dynamometer  designed  by 
Messrs.  Eastons  &  Anderson.^  The  first  course  was  a  piece  of  hard  road 
200  yards  in  length,  rising  i  in  430;  it  was  dry  and  in  fair  condition,  largely 
made  of  gravel.  The  surface  was  in  many  places  somewhat  loose.  The 
second  course  was  along  an  arable  field,  growing  oats,  on  a  rising  gradient 
of  I  in  1000;  it  was  very  dry,  and  was  harder  than  in  average  condition. 

The  fore-wheels  of  the  waggons  averaged  3  feet  3  inches,  and  the  hind- 
wheels  4  feet  9  inches  in  diameter;  the  widdi  of  tyres  was  from  2^  to  4 
inches.  The  weight,  empty,  averaged  about  a  ton,  and  it  was  nearly  equally 
divided  bet\s'een  the  front  and  hind  wheels.  The  cart  wheels  were,  say, 
4  feet  6  inches  high,  with  tyres  3^  and  4  inches  wide.  The  weight  of  the 
empty  carts  averaged  10  cwt. 

The  following  results  arise  out  of  the  published  data: — 


On  Road» 

Pair-horse 
Wamon,  with* 
OMTSpnag^ 
Loaded 

Wageon  with- 
outSprinn. 
Loaded  wttn 

Waggon  with 

Springs, 
Loaded  with 

Cart  without 

Springs, 
Lcnied  with 

Roott. 

Maixe. 

Roott. 

Roots. 

Gross  weight  drawn,  about 

44  cwt. 

80  cwt. 

44  cwt. 

20  CNVt. 

64  » 

100  „ 

^  » 

30  „ 

Average  speed  per  hour,. . . 

2}i  miles 

2.60  miles 

3.47  miles 

2.65  miles 

320  lbs. 

400  lbs. 

300  lbs. 

180  lbs. 

Horse-power  developed, ) 

159  » 

133  » 

49-4  » 

1.06  H.P. 

.88  H.P. 

at  33^000  foot-pounds  > 

1.74  H.P. 

.35  H.P. 

( 43.5  lbs.. 

44.5  lbs., 
or  Vso 

34.7  lbs., 
or  V65 

28  lbs., 
or  Vso 

Draft  pertongross,  on  level. 

Om  Fnux 

44  cwt. 

80  cwt. 

44  cwt. 

20  cwt. 

Gross  weight  drawn,  about 

64  „ 

100  „ 

64  „ 

30  „ 

Average  speed  per  hour,... 

2.35  miles 

2.52  miles 

2.35  miles 

2.01  miles 

1000  lbs. 

1200  lbs. 

1000  lbs. 

400  lbs. 

700  » 

997  „ 

710  „ 

312  „ 

Horse-power  developed, ) 

at  33,000  foot-pounds  > 

4.36  H.P. 

6.70  H.P. 

4.45  H.P. 

1.48  H.P. 

Draft  per  ton  gross,  on  level, 

J  210  lbs., 
(  or 

194  lbs., 
or  >/» 

210  lbs., 
or  »/„ 

140  lbs., 
or 

From  these  data  it  appears  that,  on  the  hard  road,  the  resistance  is  only 
from  J^th  to  '/eth  of  the  resistance  on  the  field.  The  lowest  resistance  is 
that  of  the  cart  on  the  road — 28  lbs.  per  ton;  due,  no  doubt,  as  observed 
in  Engineering^  to  the  absence  of  small  wheels  like  those  of  the  waggons. 


'  See  m  report  of  the  trials  in  Enginming^  July  10,  1874,  page  23. 
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The  highest  resistance  is  210  lbs.  per  ton — on  the  field.  The  addition  of 
springs  reduced  the  resistance  20  per  cent  on  the  road;  but,  on  the  field, 
the  resistance  was  not  reduced  by  uie  addition  of  springs. 

Also,  that  the  horse-power,  of  33,000  foot-pounds  per  minute,  developed, 
varied  from  yi  H.P.  to  7  H.P.  Allowing  a  pair  of  horses  for  the  first  and 
third  columns  above,  two  pairs  for  the  second  column,  and  one  horse  for 
the  last  column,  the  following  are  the  total  works  done  per  horse,  in  tech- 
nical horse-power: — 

HoRSB-POWBK  PBK  HoRSE. 

On  Road  On  Field 

Pair-horse  waggon,  without  springs,  53  H.P.    2.18  H.P. 

Two  pair-horse  waggon,  without  springs,  .44   „    1.68  „ 

Pair-norse  waggon,  with  springs,   .44    „    2.22  „ 

One-horse  cart,  without  springs,  35    „    1.48  „ 

Total  averages,  44   n    '-89  n 

Averages,  without  springs,   .44  „    1.78  „ 


Taking  the  average  power  exerted  without  springs,  .44  horse-power,  on  the 
road,  as  the  average  for  a  day's  work,  it  represents  '44  x  33,000  -  14,520, 
say  1 5,000,  foot-pounds  per  minute,  for  the  power  of  a  horse  on  a  hard 
road. 

The  lesistaiice  of  a  smooth  well-made  granite  tramway,  like  the  tram- 
ways in  the  City  of  London  and  Commercial  Road,  made  with  stones  5  or  6 
feet  in  length,  is  firom  la^  lbs.  to  13  lbs.  per  ton  of  weight 

Experiments  on  the  tractional  resistance  for  a  loaded  omnibus,  on  various 
kinds  of  roads,  were  made  by  a  committee  of  the  Society  of  Arts  :^ — 

Weight  of  omnibus,   2480 

Loaa,  22  sacks  of  oats,  at  149  lbs.,   3278 

Total  weight,  2.57  tons,  or   5758 

The  loaded  omnibus  was  drawn  to  and  fro  over  each  trial  surface,  and 
the  mean  result  was  taken  as  the  resistance  for  an  exact  level: — 

Rbsistamce. 

Avenge  Sptnd.      Total  Per  Ton. 

miles  per  hoar.        lbs.  lb*. 

Granite  pavement,  sets  3  to 4  inches  wide,  2.87            44.75    i7-4i 

Asph;ilte  roadway,                                   3.56              69,75    27.14 

Wood  pavement,                                   3.34            106.88    41.60 

Good  gravelly  Macadam  road,               5.45          i>4-33    44-4B 

Granite  Macadam,  newly  laid,  3.51   259.80   101.09 

There  is  a  want  of  consistency  here,  in  the  excessive  resistance  on  an 

asphalte  pavement,  compared  with  that  on  a  granite  pavement.  There 
can  be  no  doubt  that  asphalte  pavement,  properly  made,  is,  of  all  pave- 
ments, the  least  resistant;  and  that  its  resistance  cannot  be  greater  than 
the  resistance  of  a  granite  tramway. 


^  Report  of  the  Committee,  Journai  0/ the  Society  0/  Arts,  June  25,  1875. 
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Sir  John  Macneil  gives  the  tractive  force  necessary  to  move  a  waggon 
weighing  21  cwt,  at  2^  miles  per  hour,  on  roads  of  the  following  descrip- 
tions:— 

Total  Resistance 
RcftUtance.   per  Too, 
Km.  Ibc 

Well-made  pavement,   33  .„  31,2 

Road  made  with  6  inches  of  broken  stone  of  great  hardness,  ^ 

on  a  foundation  of  large  stones  set  in  the  form  of  a  >    46  ...  44 

jpavement,  or  upon  a  bottoming  of  concrete,  S 

Old  flint  road,  or  a  roadmadewithathickcoatingof  broken  (  ^ 

stone,  laid  on  earth,   f     ''5  —  ^ 

Made  with  a  thick  coating  of  gravel,  laid  on  earth,   147  ...  140 


Sir  John  Macneil  made  a  series  of  experiments  on  the  tractive  resistance 
of  a  stage-coach,  on  a  section  of  the  Holyhead  Road.  The  weight  of  the 
coach,  empty,  was  i8  cwt,  and  the  weight  of  seven  passengers  in  addition, 
allowing  i)4  cwt.  for  each  passenger,  was  lo^  cwt;  total  weight  28  >4 

cwt.  The  experimental  gradients  ranged  from  i  in  20  to  i  in  600,  and  the 
speeds  were  6,  8,  and  10  miles  per  hour.  It  was  found  that,  by  some  un- 
exjjlaincd  cause,  the  net  friclional  resistance  at  equal  speeds  varied 
considerably  according  to  the  gradient.  The  resistances  were  a  maximum 
for  the  steepest  gradient,  and  a  minimum  for  gradients  of  i  in  30  to  1  in 
40;  for  these  they  are  less  than  for  i  in  600.  The  mode  of  action  of  the 
horses  on  the  carnage  majr  have  been  an  influential  dement  The  averages 
show, — 

Fin  A  Stagecoach.  On  a  Mbtaixbo  Road. 

At  6  miles  per  hour,   62  lbs.  per  ton,  frictional  resistance. 

At  8   ly       „    73     »  ft 

At  10  „       „    79     »  n 

W^ith  these  may  be  associated  the  resistance,  by  Sir  John  Macneil's 
experiments,  of  a  waggon  on  a  good  road,  namely,  44  lbs.  per  ton,  at 
lyi  miles  per  hour.  Hotting  the  resistances  for  the  above  four  speeds,  the 
following  ap^ximate  fonnula  is  deduced: — 


FHethnal  Resistance  tff  Thaetum  of  a  Stage-eoadt  01  a  MdaUed  Read 

in  good  condiHan, 

R  =  30+4«'+is/^o?    (  I  ) 

R  -  the  frictional  resistance  to  traction  per  tCMU 
V  -  the  speed  in  miles  per  hour. 

A'ote. — The  formula  is  applicable  to  waggons  at  low  speeds.  It  is 
simpler  than  the  formulas  deduced  by  Sir  John  Macneil.^ 

M.  Chari^Marsatnes  made  observations  of  a  general  character,  on  the 
performances  of  Flemish  horses  drawing  loads  upon  the  paved  and  the 
macadamized  roads  in  the  north  of  France,  where  the  countiy  is  flat,  and 
the  loads  are  considerable. 


'  Sir  John  Macneirs  fonniilM  are  given  in  &r  Henry  PameU  on  JRoadSf  ptge  4164. 


I 
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Table  No.  320. — Pekformance  of  Horses  on  Roads  in  France. 


ScMoooftlia 

A\  cijfc;ht 

i£m. 

Speed  in 

Miles 
per  Hoar. 

WockDoM 
per  Hour  b 
Tons  Drawn 
One  MUe. 

Ratio  of 
Aivwl  Rowito 

Macadamixed 
Road. 

Winter,  

(  Pavement 
}  Macadam 
\  Pavement 
{  Macadam 

tons. 
1.306 
.851 

»-395 
1.141 

miles. 
2.05 
1.91 
2.17 
3.16 

tnn-miles. 
2.677  ) 
1.625  J 
3.027  ) 

3w|64  f 

• 

1.644  to  I 

1   1.229  to  I 

1  he  average  daily  work  of  a  Flemish  horse  in  the  north  of  France  is,  on 
the  same  auti^ority,  as  follows: — 

Winter   21.82  ton-miles  per  day  in  winter. 

Summer,   27.82      „  0      in  summer. 

Mean  for  the  year,  say, ...  75.00     „  „ 

It  has  already  been  stated,  page  720,  that  a  good  horse  can  draw  a  weight 
of  I  ton  at  2  V2  miles  per  hour,  for  from  10  to  12  hours  a  day — equivalent  to 
(i  X  2^  X  10  -  )  25  tons  drawn  one  mile  per  day.  This  is  the  same  amount 
of  performance  as  is  above  given  from  M.  Charie-Marsaines. 

Cmtitisim. — With  the  exception  of  Messrs.  Eastons  and  Anderson  at 
Bedford,  the  authorities  on  the  tractional  resistance  to  Tehides  on  common 
roads,  ignore,  with  remarkable  unanimity,  the  influence  of  sizes  of  the 
wfaeeb  md  other  essential  particulars.  It  is  better,  therefore,  to  refrsin 
fiom  attempting  to  draw  genenl  condusions,  and  to  leave  the  figures 
^to  speak  for  themselves." 


RESISTANCE  ON  RAILWAYS. 

The  Author^  deduced  from  experimental  data,  the  following  formulas  for 

the  resistance  of  locomotives  and  trains,  under  these  conditions: — the  per- 
manent way  in  good  order;  the  engine,  tender,  and  train  in  good  order; 
a  straight  line  of  rails;  fair  weather,  and  dry  and  clean  rails;  an  average 
side  wind,  of  average  strength,  varying  (in  the  experiments)  from  s/i^A/  to 
VERY  sinmg,'^ — 

Resistance  of  Engine,  Resistance  of  Train 

Takter,  and  Tma.  ' — 


R.8  +  ^^;  R.6  +  ^^;   (,M3) 

R  =  total  resistance  of  engine,  tender,  and  train,  in  lbs.  per  ton  gross; 
R' =  resistance  of  train  alone,  in  lbs.  per  ton;  z/  =  speed,  in  miles  per 
hour. 

Matkmeryt  1855,  pages  297,  298. 
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For  ordinary  practice,  to  meet  the  unfavourable  conditions,  which  may 
occur  in  combination,  of  frequent  quick  curves  under  one  mile  radius,  and 
strong  side  and  head  winds,  the  Author  estimated  from  his  own  obsenations 
that  the  resistance,  as  calculated  by  means  of  the  foregoing  rules,  should 
be  increased  50  per  cent.,  or  one-half  more.    On  this  basis,  for  speeds  of 

5,       10,     15,     90,     30,    40,     50,     60  miles  per  hour, 

the  frictional  resistances  per  ton  of  engine,  tender,  and  train,  are, 

12.2,     13,     14,    15.S,    20,     26,     34,   43-5  l^s., 
and  the  frictional  resistances  per  ton  of  the  train  alone  are, 

9.15,    9.6,    10.5,  11.4,    14.6,  19.0,    24,    31.5  lbs. 


RESISTANCE  ON  STREET  TRAMWAY& 

The  mils  of  street  tramways  are  rolled  with  a  groove  for  the  guidance  of 
the  wheels  by  the  flanges.  The  wheels  of  cars,  therefore,  do  not  run  so 
freely  as  those  of  carriages  or  waggons  on  railways.  The  average  frictional 
resistance  of  vehicles  on  tramways  is  30  lbs.  per  ton,  although  an  occasional 
maximum  of  60  lbs.  per  ton  may  be  reached,  and,  on  the  contrary,  a  mini- 
mum of,  say,  15  lbs.  per  ton,  when  the  rails  are  wet  and  dean,  straight  and 
new.  The  resistance  due  to  clogging  of  the  grooves  of  rails  was  brought 
into  evidence  by  Mr.  J.  Arthur  Wright,  who  found  that,  on  a  dusty  day,  on 
the  steam  lines  of  the  Rouen  tramways,  when,  despite  every  effort  to  keep 
the  rails  clear,  the  grooves  became  filled  with  dust  and  dirt,  the  engines 
consumed  about  2}/^  lbs.  of  coke  per  mile  more  than  they  did  under  more 
favourable  circumstances,  when  the  consumption  averaged  about  12  lbs.  per 
mile.    The  excess  is  nearly  20  per  cent  over.^ 

'  These  data  are  derived  (rom  Tramzuays,  th<ir  Construction  and  Workit^^  1 882,  by 
D.  Kinnear  Clark,  p.  iSo. 
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DR.  SIEMENS*  WATER-PYROMETER. 

[Appended  to  **  lyrometers,''  page  326.] 

This  apparatus  belongs  to  the  second  class  of  pyrometers  described  at 

page  327.  In  it,  Dr.  Siemens  has  reduced  the  water-pyrometer  to  a  form 
complete  and  exact  for  purposes  of  scientific  observation.  The  water 
is  contained  in  a  copper  vessel  capable  of  holding  rather  more  than  a  pint. 
The  sides  and  bottom  of  the  vessel  are  fitted  witli  an  outer  casing  or 
jacket,  the  interspace  of  which  is  filled  with  felt,  by  which  any  radia- 
tuMi  of  heat  from  the  vessd  is  pievoited.  A  meiciinal  thenncMiieter  is 
fixed  in  the  vessel,  and  immersed  in  the  water.  It  is  fitted  with  a  small 
sliding  scale  in  addition  to  the  ordinary  scale,  which  is  graduated  and 
figured  with  50  degrees  to  i  degree  of  the  oidinar)'  scale.  Six  solid  copper 
cylinders  are  supplied  with  the  pyrometer,  each  of  which  is  accurately 
adjusted  so  that  its  capacity  for  absorbing  heat  shall  be  one-fiftieth  of  that 
of  a  pint  of  water.  In  using  the  pyrometer,  a  pint  of  water  is  measured 
into  the  cojjper  vessel,  and  the  sliding  scale  is  set  with  its  zero  at  the 
temperature  of  the  water  as  indicated  by  the  ordinary  scale  of  the  ther- 
mometer. A  copper  cylinder  is  put  into  the  fiimace  or  llie  hot-blast  current, 
of  which  the  temperature  is  to  be  measured,  where  it  is  left  for  a  space  of 
time  of  horn  2  to  lo  minutes,  according  to  the  intensit)'  of  heat  to  be 
measured.  Having  been  thus  raised  to  the  temperature  of  the  furnace  or 
current,  the  cylinder  is  withdrawn  and  quirkly  dropped  into  the  water;  the 
temperature  of  the  water  is  raised  at  the  rate  of  1°  for  each  50°  of  the 
temperature  of  the  copper  cylinder.  The  rise  of  the  tem])erature  may  then 
be  read  ofl'  direct  on  the  pyrometer  scale.  Add  to  the  temperature  thus 
noted,  the  observed  initial  temperature  of  the  water,  and  the  sum  is  the 
exact  temperature  required.  For  very  high  temperatures,  cylinders  of 
l^tinum  may  be  employed. 


ATMOSPHERIC  HAMMERS. 
lAppe$$ded  to  "  Air  Mackmery,'* page  915.] 

In  the  hammers  designed  by  M.  Chenot  Ain^,^  atmospheric  air  is 
employed  as  a  spring,  for  the  purpose  of  accumulating  and  of  applying  the 
motive  power  to  the  hammer.  The  hammer  is  a  cylinder  turned  from  end 
to  end,  and  bored  out  to  two  different  diameters.   It  is  divided  into  two 

'  Revut  IndnsiriiiU,  December,  1876^  page  521 
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chambers  by  a  diaphragm  at  the  middle.  The  lower  end  is  thus  completely 

inclosed,  whilst  the  upper  end  is  open.  Two  pistons  fixed  to  one  rod, 
passing  through  the  diaphn^^m,  play  in  the  upper  and  lower  chambers; 
and  they  receive  a  reciprocating  motion  from  a  crank  overhead,  driven  by 
a  band  passed  over  a  pulley  fixed  on  the  crank-shaft.  The  cylinder-hammer 
is  thus  rioated  on  the  i)istons  by  means  of  air-cushions,  of  which  there  is 
one  above  the  diaphragm,  one  below  it,  and  a  third  below  the  lower  piston  ; 
and  it  is  impressed  with  a  reciprocating  movement  following  the  reciproca- 
tions of  the  pistons,  by  the  agency  of  these  cushions  of  air.  The  height  of 
the  fall  and  die  force  of  the  Mow,  are  regulated  by  the  speed  at  which  the 
machine  is  driven.  There  is  no  sensible  heating  or  cooling  of  the  working 
parts,  and  M.  Chenot  estimates  that  the  efficiency  of  the  machine  amounts 
to  75  per  cent,  of  the  power  communicated  to  the  driving  pulley. 

The  chief  feature  of  interest  in  this  machine  is  the  employment  of  air 
compressed  and  expanded  to  two  or  three  times  its  normal  volume,  without 
any  inconvenience  by  either  heat  or  cold.  It  is  obvious  that  during  the 
momentary  actions  and  reactions,  time  is  not  afforded  for  the  heating  and 
cooling  effects  of  changes  of  temperature  m  the  air  to  take  place.  Hence 
the  high  effidenqr. 


BERNAYS*  CENTRIFUGAL  PUMP. 

Mr.  Joseph  Bemays  constructs  the  discs  of  his  pump  with  a  double  joint, 
the  inner  one  being  the  joint  universally  employed  around  the  suction- 
openings,  by  which  die  water  is  admitted  fiom  die  suction-passages  into  the 
disc.  The  second,  or  outer,  joint  is  at  the  extreme  diameter  of  the  disc, 
and  it  prevents  the  pressure  of  the  water  in  the  delivery-pipe  from  reacting 
on  the  outer  faces  of  the  revolving  disc.  A  saving  of  power  is  thus  effected^ 
in  reducing  the  loss  by  friction  on  the  disc. 

The  form  of  the  vanes  of  Mr.  Bemays'  encased  pump,  may  be  roughly 
described  as  semi-elliptical,  or  the  half  of  a  flat  ellipse  divided  at  its  longest 
diameter;  the  concave  surface  being  presented  to  the  water  in  the  direction 
of  the  motion.  By  the  adoption  of  such  a  form,  it  is  designed  that  the 
blade  should  scoop  up  the  water  arriving  at  the  centre  of  the  pump  by  its 
inner  edge,  and  should  project  the  water  forward  in  a  direction  as  nearly 
tangential  as  possible  by  its  outer  edge,  at  the  circumference^  When  the 
pump  is  not  encased,  and  the  water  is  delivered  into  an  open  well  or 
reservoir,  the  outer  end  of  the  vane  is  curved  backwards  for  the  purpose  of 
facilitating  the  discharge  radially.  In  this  case,  the  blades  acquire  an 
ogee  form,  like  Rankino's  fan. 

Mr.  Bernays  has  supplied  tlie  following  note  on  centrifugal  pumps: — 

"  The .  only  ]jcuts  of  a  centrifugal  pump  which,  when  at  work,  absorb 
more  power  by  friction  than  is  due  to  the  mere  vdodty  of  the  water  passing 
through  the  pump,  are  the  outer  &ces  of  the  revolving  disc.  These  outer 
faces  are  surrounded  by  water  quite  or  nearly  stationary,  and  as  they  them- 
selves revolve  at  a  speed  proportionate  to  the  height  to  which  the  water  is 
to  be  lifted,  more  or  less  independent  of  the  quantity  that  ]xisscs  through 
the  pump,  they  tend  to  carry  the  surrounding  water  round  with  them. 
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According  to  the  greater  or  less  pressure  under  which  the  pump  works,  the 
fiictio&  produced  will  be  greater  or  lci%  just  as  tfaeie  is  greater  skin  resist* 
ante  in  a  vessel  of  greater  draft  than  in  one  of  light  draft,  both  having  an 
equal  extent  of  surfiue.   The  saving  of  power  effected  by  the  removal  of 

the  pressure  of  the  water  in  the  deHvery  pipe  of  Mr.  Bernays'  pump,  as 
above  explained,  is  all  the  more  necessan-,  since,  with  a  centrifugal  pump, 
the  power  required  for  driving  it  increases  rapidly,  and  in  a  greater  ratio 
than  the  heights  of  delivery  to  which  such  pump  may  have  to  l)e  ajjplied. 
This  is  a  point  to  which  the  attention  of  engineers  and  users  of  centrifugal 
pumj^  has  never  been  caUed,  or,  if  it  has  ever  been  mentioned,  it  has  been, 
and  is,  constantly  lost  sight  oL  Nevertfadess  the  fact  is  dear,  and  the 
explanation  very  simple  indeed.  The  only  working  parts  of  a  centrifugal 
pomp  which,  irrespective  of  the  friction  pre\iously  mentioned,  actually 
propel  the  water  and  absorb  the  power  applied  to  it,  are  the  arms  or  vanes 
radiating  from  the  centre  to  the  outside  of  the  disc.  The  shape  of  these 
arms  may  for  a  moment  be  left  out  of  consideration,  as  their  more  or  less 
perfect  form  accounts  for  a  mere  percentage  only  of  the  whole  power  used 
for  driving  a  centrifugal  pump.  The  main  power  is  used  in  driving  or 
pushing  tiie  arms  against  the  water  at  a  speed  calculated  to  produce  a 
pressure  equal  to  or  rather  in  proportion  to  the  height  to  which  the  water 
18  raised.  Now,  the  speed  at  the  outside  diameter  of  the  pump  disc  is 
approximately  equal  to  that  of  a  body  falling  from  the  height  to  which  the 
water  is  lifted,  or  it  is  directly  proportionate  to  the  square  root  of  that 
height  And  as  the  direct  resistance  which  the  arms  meet  with  in  their 
rotation,  is  simply  proportional  to  the  height  to  which  the  water  is  to  be 
lifted  (the  same  as  in  common  reciprocating  pumps),  it  follows  that  the 
amount  of  power  necessary  for  working  the  pump,  is  a  (unction  of  the  height 
multiplied  by  its  square  root,  ot  h  ^  h    ^  hK 

Thus,  a  pump  requiring  20  H.P.  to  raise  water  10  feet  high,  will,  if  the 
height  be  increased  to  40  feet,  not  merdy  require  4  times  the  power  for  the 

same  quantity  delivered,  but  4  multiplied  by  4,  or  8  times,  that  is, 
160  H.P.  And  it  evolves  from  this,  that  although  centrifugal  pumps  are 
an  exceedingly  useful  and  simple  mechanical  appliance  for  raising  large 
quantities  of  hcjuids  to  moderate  height, — and  it  may  here  be  added,  variable 
quantities  to  variable  heights, — they  should  not  be  made  use  of  for  great 
heads  of  delivery,  where  the  cost  of  the  power  employed  to  work  them  is 
any  consideration." 


STEAM- VACUUM  PUMP. 
[Appended  to  "A«»/f,">^944.] 

The  steam-vacuum  pump  belongs  to  the  class  of  pumps  on  Savary's  old 
system,  in  which  steam  from  the  boiler  is  admitted  into  direct  contact  with 
the  surface  of  the  water  to  be  forced.  Experiments  were  conducted  by 
Mr.  J.  F.  Flagg,  at  the  Cincinnati  Exposition  of  1875,  on  such  a  pump.^ 
The  water  was  drawn  directly  from  a  canal,  through  a  3-inch  pipe,  155  feet 

*  jfourncU  0/ the  Anurican  Socitty  of  Civil  Engittegrs,  December,  1876,  page  381. 
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long,  with  a  lift  of  10.83  T^^^  l^ead  of  pressure  was  related  by 
means  of  a  oock  applied  to  the  dischaige  pipe.  The  proportion  of  primed 
water  in  mixture  with  the  steam  was  ascertamed,  and  allowed  for: — 

MttiiaL  idtikL 

Efiective  pressure  in  boilers,  lbs.  per  sq.  inch,    72  lbs.    57  lbs. 

Temperature  of  water  in  canal,  Fanrenheit,    60*    61".$ 

Do.  effluent  water,  „    86^9    73".! 

Pressure  at  the  gauge,  lbs.  per  sq.  inch,    35.3  lbs   16.3  lbs. 

Do.  -  feet  of  head,   81.8  ft.   37.7  ft. 

Steam  consumed  per  horse>power,  per  hour,    477*5  lbs          390.7  lbs. 

Coal      do.         do.  (allowing  9  lbs.  water  per 

pound  of  coal),    53.1  lbs   43.4  lbs. 

Duty  per  100  lbs.  of  coal,  foot-pounda.  .........  3,732,260......  4,561,200 


^  kj  ,^  .d  by  Google 
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—   ACCELERATED  — 

Accelerated  and  retarded  motion,  28a, 
Accelerating  forces,  afii 

Acre,  137:  equivalent  value  in  French  measures, 
153,.  L56. 

Adnesion  of  leather  belts,  744.  748. 

Air;  as  a  i^iandard  for  weight  and  measure,  127: 
pressure  of  air,  127;  measures  of  pressure  of  air, 
127:  weight  and  volume  of  air,  127:  weight  of  air 
compared  with  that  of  water,  or  its  specific  gravity, 
128;  specific  heat  of  air,  uS. 

Air  and  aqueous  vapours,  mixture  of,  3g4,  396. 

Air,  expansion  of,  141,  ^4%:  relations  of  the  pressure, 
volume,  and  temperature  of  air  and  other  gases, 
34''>  :<5' :  special  rules  for  one  pound  weight  of  a 
gas,  ^aq;  uble  of  the  volume,  density,  and  pres- 
sure of  air  at  various  temperatures,  351 ;  specific 
heat  of  air,  354^  358.  i<S^ ;  comparative  density 
and  volume  of  air  and  saturated  steam,  191. 

Air,  ascension  of.  by  diflference  of  temperature,  897. 

Air  consumed  in  the  combustion  of  fuels,  400.  405: 
coaLs,  427:  coke,  415:  wood,  44^;  wood  -charcoal, 
452- 

Air  and  other  gases,  flow  of,  891.  See  Fitnv  0/ Air, 
page  974. 

Air,  dry,  or  other  gas.  work  of,  compressed  or  ex- 
panded, 898.    See     ark  0/  Dry  Air,  page  984. 

Air,  hot,  and  stoves,  heating  by,  488. 

Air,  resistance  of,  to  the  motion  of  flat  surfaces,  897. 

Air,  work  of  compression  of,  at  constant  tempera- 
ture, 899;  adiab.itically.  903. 

Air,  work  nf  expansion  of,  at  constant  temperature, 
899:  adiahatically,  004- 

Air  machinery,  qi  s:  machinery  for  compressing  air, 
and  for  working  by  compressed  air.  915;  compres- 
sion of  air  by  water,  215:  by  direct-action  steam- 
pumps,  915:  compresscu  air  machinery  at  Powell- 
Dun  ry  11  Collieries,  916. 

Hot-air  engines,  gi?:  Rider's  hot-air  engine, 
917:  Belou's  hot-air  engine,  918. 

Gas-engines,  918  :  I^noir's  double-acting  gas- 
engine,  919;  Otto  and  Langen's  atmaspheric 
gas^gine,  919:  Otto  engine,  921;  Clerk's  engine, 
922. 

Fans  or  ventilators,  924 :  Common  centrifugal 
fan,  024:  mine-ventilators:  —  Guibal's  fan,  925; 
Cook4— ventilator,  926:  blowing  -  engines,  926; 
Root's  rotary  pressure-blower,  927. 
Air-pyrometer,  -^27. 

Air-thermometers,  325:  Regnault's,  326. 

Alloys,  melting  points  of,  363:  table,  366. 

Alloys,  specific  gravity  of  alloys  of  copper,  200,  20i. 

626.  627;  of  gold  and  other  metals,  201. 
Aluminium-bronze,  tensile  strength  of,  627. 
American  coals,  418.    See  Coal,  page  97a. 
Anemometer,  89a. 

Animal  subsUnces,  weight  and  specific  gravity  of, 

Annealed  and  unannealed  wrought-iron  pbtes,  com- 
parative strength  of:  —  Krupp  and  Yorkshire 
plates,  58^-585:  Prussian  plates,  586. 

Annealed  and  unannealed  steel  plates,  comjMrative 
strength  of : — Fagersu.606, 607, 6o»-^6i  ij  aicmens' 
steel,  613. 

Annealed  and  unannealed  wire,  phosphor  bronre, 
copper,  brass,  steel,  iron,  tensile  strength  of,  629. 


-    BOLTS  - 

Anthracite:— British,  409,  413;  American,  418.  419; 

French^  421,  422:  Russian.  4aa:  manufacture  of 

coke  with,  412. 
Anthracitic  coke,  43a. 

Applications  of  heat,  459:— Transmission  of  heat 
through  solid  bodies,  459:  warming  and  ventila- 
tion, 477:  heating  of  water  by  steam  in  direct  con- 
tact, 490:  spontaneous  evaporation  in  open  air, 
4g» :  desiccation,  493;  heating  of  solids,  497. 

Aqueous  vapour,  mixture  of,  with  air,  properties 
of.  iSli  396 

Are,  149;  equivalent  \-alue  in  English  measures, 
151. 

Armstrong's  hydraulic  machines,  950. 

Asphalte: — composition,  437:^  heat  of  combustion, 

4^7.  438.  weight  and  spSafic  gravity,  207,  4^7- 
Ass,  work  of,  in  carrying  loads,  721. 
Atmospheric  gas-engine.  Otto  and  langen's,  92a. 
Atmospheric  hammers,  by  M.  Chenot  Ain«£,  967. 
Australian  coal,  ^-iy,  j^ii,.    See  Coal,  page  97a. 
Axles,  railway,  proportions  of,  767. 

B 

Balls,  cast-iron,  weight  of;  multipliers  for  other 
metals,  258;  diameters  of,  for  given  weights,  258. 
Barker's  water-mill,  939. 

Beams,  flanged,  transverse  strength  of: — cast-iron, 

647:  wrought-iron,  653. 
Beams,  forms  of,  of  uniform  strength,  517. 

Beams,  uniform,  supported  at  three  or  more  points, 
S  n;  distribution  of  weight  on  the  points  of  sup- 
P«J't,  5H:  deflection,  534. 

Beams,  homogeneous,  transverse  strength  of,  503. 
See  Transz'frse  Strength,  page  981. 

Belt-pullcys  and  belts.  74a:— Specd'>.  742;  tensile 
strength  of  belts,  74a;  horse-power  transmitted 
by  leather  belts.  743  ;  adhesion  and  power  of  belts, 
744:  M.  Morin's  experiments:  M.  Claudel's  data, 
746;  Mr.  Evan  Leigh's  rules  for  belting,  746;  ex- 
amples of  ver>'  wide  belts,  747.  749:  Mr.  Towne's 
experiments  on  the  adhesion  of  mIis,  748;  table 
of  the  driving  power  of  belts,  749. 
India-rubljcr  belting.  7 so. 
Weight  of  belt-pulleys,  750. 

Belts.  242,    See  Belt  /utUys  and  Belts. 

Belou's  hot-air  engine.  918. 

Bending  strenii^th  of  wrought-iron  plates,  386. 

Bemays'  centnfugal  pump,  968. 

Bevil-wheels.    See  Toothed  IVheeli,  page  981. 

Birmingham  wire-gauges,  i  y>.  131;  metal-gauge  or 
plate  gauge,  ijr 

Bitumen,  weight  and  specific  gravity  of,  207. 

Blower,  Root's,  927. 

Blowing  engines,  926 

Boghead  coal,  417. 

Boilers,  strength  of  stayed  surfaces  of,  685.  See  Eva- 
porative E^Hciency,  Evaporatix-e  Performance. 

Boiling  points  of  liquids,  368;  of  saturated  solutions 
of  salts,  369:  of  sen-water,  370;  boiling  points  at 
various  pressures.  170 

Bolts  and  nuts,  standard  sizes  of:— Whitworth's 
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system,  68i,  683:  American  system,  683:  Armen- 

gaud's  French  system,  683,  684. 
Bolts  and  nuts,  screwed,  tensile  strength  of,  68ol 

See  TftuiU  Strength,  page  9S0. 
Boyden  turbine,  940. 

Brass,  tensile  strength  of,  fun,  638:  brass  tubes,  6*7; 
brass  wire,  637,  629. 

Brass,  weight  of:  —  tabulated  weights,  aio-zai: 
rule  for  Die  length  of  brass  wire,  224:  multiplier 
for  the  weight  of  brass  bars,  pbtes,  sheets,  &c., 
22&  special  tables  of  the  weight  of  brass  tubes 
and  sheets  352,  266-268:  multiplier  for  the  weight 
of  brass  balls.  As.  See  Weight  0/  Iron  and  other 
Metals,  page  983. 

Breakage  of  coal,  409.  410. 

Breast  water-wheel,  938. 

Bricks,  cemented,  adhesion  of,  6yx 

Bricks,  crushing  strength  of,  631. 

Brickwork,  crushing  strength  of,  631. 

British  coals,  41a.    See  Coal. 

Bronze,  tensile  strength  of,  627,  6a8;  aluminium* 
bronze,  627. 

Buckled  iron  plates,  strength  of,  660. 

Builders'  measurement: — superficial,  137;  cubic,  137. 

Building,  measures  relating  to,  144. 

Bulging  strength  of  wrought  iron: — Sir  Wm.  Fair- 
balm  s  experiments,  569.  Mr.  Kirkaldy's  experi> 
ments  on  Krupp  and  Yorkshire  iron,  585:  on 
Prussian  iron,  586. 

Bulging  strength  of  steel: — Fagersta  steel,  611;  Sie- 
mens steel, 

Bulk  of  coal,  &c    See  Weight  attd  Buik  0/  Coai^ 

&c..  page  983. 
Buoyancy,  277. 

Bursting  pressure,  resistance  to,  687.  See  Strength 

0/  Hollow  Cylinders,  page  979. 
Bushel  measures:  — Standard  bushel,  139:  sundry 

bushel  measures  for  coal,  14a;  equivalent  value  in 

French  measures,  154. 


Camel,  work  of,  in  carrying  loads,  7ai. 

Carbon,  constituent,  influence  of,  on  the  teasile 
strength  of  steel,  621:  on  the  transverse  strength 
of  steel  rails,  664. 

Carbon,  process  of  combustion  of,  jpg. 

Carrie's  cooling  apparattis,  373. 

Cast  iron,  strength  of,  553.  See  Strength  0/ Cast 
Iron,  page  979. 

Cast  iron,  weignt  of: — Data  for  the  weight,  317, 
ai8:  rules  for  the  weight,  333;  tabulated  weights, 
ai9-33i  :  multiplier  lor  the  weight  of  cast-iron 
ban,  plates,  &c.,  336:  special  tables  of  weight  of 
cast-iron  pipes,  cylinders,  and  balls,  3si.  353-258: 
and  of  weight  of  cast-iron  water-pipes,  936:  and 
gas  pipes,  93ft.  See  Weight  of_  Iron  and  other 
Metals,  page  983. 

Cast-iron  columns,  strength  of,  643-^4;. 

Cast-iron  flanged  beams,  transverse  strength  of, 
647:— -Experiments  by  Mr.  Hodgkinson,  by  Mr. 
berkley,  by  Mr.  Cubitt,  and  others,  647;  tabu- 
lated results,  649;  formulas  and  rules,  651. 

Elastic  strength  and  deflection,  formulas  and 
rules,  653. 

Catenary,  273. 

Cement,  strength  of: — Tetuile,  630:  crushing,  63a. 
Central  forces,  294. 

Centres  mechanical,  287.    See  Mechanical  Prim- 

ci/>les.  page  977. 
Ccntnfugal  force,  374.  294;  rules,  295. 
Centrifugal  pumps,  946:  centrifugal  pump  by  Mr. 

J.  Bemays,  9(^8. 
Chain,  endless,  pump.  947. 

Chains,    tensile   strength   of,  677.      See  Tensile 

Strength,  p.-\t;c  980 
Chains,  weight  of,  678,  679. 


Channels,  flow  of  water  in,  933;  limits  of  velocity,  334. 
Charbon  de  Paris,  449. 
Charcoal,  brown,  manufacture  of,  449. 
Circles,  properties  of,  uj  mensuration  of, 
Circular  arcs,  ^ii  tables,  2^  97. 
Circumferences  of  circles,  &c.,  25}  tables,  66,  82: 
Clerk's  gas-engine,  933. 
Cloth  measure,  1 30. 

Coal,  400:  classification  of  coals,  409:  small  coal, 
409:  utilization  of  small  coal,  410;  deterioration  of 
coal  by  exposure,  41a. 

British  coaU,  413;  composition  of  bituminous 
coals— Dr.  Richardson's  analyses,  41a;  weight 
and  composition  of  British  and  foreign  coals  by 
Messrs.  Delab^che  and  Pla3rfair,  413;  variations 
of  chemical  composition,  average  compost- 
tion,  415;  Welsh  coals,  analysis  by  Mr.  G.  J. 
Snelus;  patent  fuels,  416;  weight  and  bulk  o( 
British  cuals,  Aih^  hygroscopic  water  in  British 
coals,  416:  Torbanehjllor  Boghead  coal,  417;  its 
composition,  4122  ^ir  chemically  consumed  in  the 
combustion  of  coal,  428. 

American  and  foreign  coals,  418:  Professor  W. 
R.  Johnson's  aiialy^s,  418;  composition,  418; 
weight  and  bulk,  418,  419. 

French  coals.  430;  classification  according  to 
behaviour  in  furnace,  and  according  to  size,  430: 
utilization  of  small  coal,  430:  composition  and 
heating  power,  430.  4aa;  weight  and  volume,  430; 
lignites,  43X 

Indian  coals,  423;  comparative  composition  of 
Australian,  Nerbudda,  Kagpore,  and  English 
coals,  424:  composition  of  Indian  coals,  425. 

Combustion  of  coal,  426.    See  Comhnstitn  of 
Coal,  page  2Zi 
Coal,  best,  and  inferior  fuels,  equivalent  weights  of, 
Sao. 

Coal,  brown.    See  Lignite,  page  976. 
Coals,  volume,  weight,  and  specific  gravity  of,  ao6, 
ao2. 

Coals:  evaporative  performance  of  English  coals  bjr 
Messrs.  Delab^che  and  Playfair,  770:  of  Hindley 
Yard,  Lancashire,  coal,  in  stationary  boilers,  771 ; 
of  South  Lancashire  and  Cheshire  coals,  in  a. 
marine  boiler  at  Wiean,  781 :  of  Newcastle  and 
Welsh  coals  in  the  Wigan  marine  boiler,  784;  of 
Newcastle  coals,  in  a  marine  boiler  at  Newcastle- 
on-Tyne,  785:  of  Newcastle  and  Welsh  cuals  in 
the  Newcastle  boiler,  287;  of  Welsh  and  New- 
castle coals,  in  a  marincboiler  at  Key  ham.  790; 
of  American  coals  in  a  stationary*  boiler,  791 ;  and 
in  a  marine  boiler,  795:  coal  in  locomotives,  800: 
Llangcnnech  coal  in  portable-engine  boilers,  Soi. 

Gratc-.arca  and  heating  surface,  rebtion  of,  to 
evaporative  performance  in  steam-boilers.  803  : 
experiments  by  Mr.  (>raham,  802 :  by  Messrs. 
Woods  &  Dewrance,  803:  by  M.  Paul  Havrez, 

Formulas,  deduced  from  the  results  of  experi- 
ments, 804-821 :  table  of  evaporative  performance 
by  formuIas,~&iQ ;  table  of  equivalent  weights  of 
best  coal  and  inierior  fuels,  hao. 

Heating  surface  and  grate  area,  relations  of,  to 
evaporative  performance  in  steam-boilers,  8oa. 

Evaporative  performance  of  steam-boilers,  ex- 
perimental, influence  of  various  circumstances  and 
various  treatment  on :  — proportion  of  oxygen  in 
coals,  771 :  area  of  grate,  773,  781,  796 :  coking 
fires  and  spreading  fires,  77^.  77Q.  780.'  783  :  thick- 
new  of  fire.  773,  779.  780,  78a  ;  admission  of  air 
above  the  grate,  772-774,  781,  794. 

Green's  economizer,  773,  775.  778.  779 ;  water- 
tubes,  775.  776  :  volume  of  air  supply.  ^8;  steam 
of  higher  pressure,  770  :  D.  K.  ClarFs"  steam- 
induction  apparatus.  779 ;  self-feeding  firegrates 
(Vicars'\  780:  calm  and  windy  weather,  780 ; 
forcing  the  draught.  781,  784 ;  invcned  bridge, 
783 :  reduction  of  the  flue  surface.  77J,  78?.  795 
706;   prolonged  firing,  782 ;   C.  w.  Williams' 
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smoke  preventor,  788:  soot  in  the  flues,  794:  level 
of  the  grate,  79S- 

American  marine  boiler,  varying  rate  of  com- 
btwtion.  varying  area  of  grate,  reduction  of  heat- 
ing surface,  796. 
Coal-gas,  its  composition,  452:  l*eat  of  combustion, 
457 

Coal  measure.  139:  coal  weight,  ui^ 
Coal-pits,  waggons  in,  resistance  of.  956. 
Cockle  stove,  488. 

Coins,  current  weight  of,  English,  141, 100:  French, 
190:  (iermaii,  i^i  ;  Austrian,  19a ;  Egyptian, 
194 ;  Indian,  igsT^apanese,  195. 

Cc^e,  4 jo:  residuary  coke  in  coals,  by  laboratory 
analysis,  4  ;  quality  dependent  on  proportion 
of  hydrogen  in  the  coal,  4^  :  anthracitic  coke, 
4^2  ;  proportion  of  coke  yielded  by  coal,  432 ; 
weight  and  bulk,  ^j*  :  composition,  ftv.  moisture 
in  coke,  4^4 ;  loss  of  combustible  matter  in  the 
conversion  of  cool  into  coke,  434  :  air  chemically 
consumed  in  combustion  of  coke,  435  :  gaseous 
products  of  combustion,  43s :  heating  power  of 
coke,  436 ;  temperature  of  combustion,  436 ;  gas- 
coke,  439.  See  also  Coke,  Pro^^tion  q/,  m 
CoaU 

Coke,  American,  4»Q- 

Coke,  proportion  of,  in  coals,  British,  414,  4IS.  4»7, 
4as  :  American,  4«8,  419 :  French,  4a i :  InidfiST 
423-425 :  Australian,  434  ;  sundry,  430,  43a- 

Coke  of  lignite,  436 ;  proportion  of,  437,  4^8  :  quality 
according  to  constituent  hydrogen  inlifhite,  437, 
438- 

Cold,  greatest  degree  of,  373,  377  :  sources  of,  373 ; 

Siebc's  ice-making  machine,  373:  Carry's  cooling 

apparatus,  373 :  fngorific  mtxtures,  373 :  cold  by 

evaporation,  376. 
Cold  rolling,  innuence  of,  on  the  density  of  wrought 

iron,  578. 

CoUaoMng  pressure,  resisunce  to,  694.  See5'/rwyM 

0/  Holitnv  CylinJrrt,  page  079. 

Colliery  winding  engines,  rcsiittance  of,  956. 

Columns,  strength  of,  643 ;  leading  principles,  Mr. 
Hodgkinson's  investigations,  643 :  short  flexible 
columns,  long  columns,  644 ;  Mr.  F.  W.  Shields 
on  hollow  cast-iron  columns :  niles  by  Mr.  Gordon, 
Mr.  Stoney,  Mr.  Unwin,  Mr.  Baker,  645 ;  timber 
columns.  646  :  Mr.  Brercton  on  timber  piies,  646 ; 
Mr.  Laslett  on  columns  of  wood,  647- 

Combustible  elements  of  fuel,  398  :  gases  concerned 
in  the  combustion  of  fuel,  vfi :  process  of  com- 
biution,  399 :  air  consumed  in  combustion,  400^ 
40S :  gaseous  products,  400 :  heat  evolved  by 
combustion,  40a  :  heating  powers  of  combustibles, 
404-406 ;  temperature  of  combustion,  407. 

Combustibles,  chemical  comp>sition  of,  403.  See 
CombuttibU  EUmfMtx  0/ htul. 

Combustion,  398. 

Combustible  elements,  398;  gases  concerned  in 
combustion,  398  :  process  of  combustion,  399. 
Air  consumed  in  the  combustion  of  fuels,  400. 

***^^uantity  of  gaseoiu  products  of  contbustton, 
400. 

Surplus  air,  402.  407. 

Heat  evolved  by  the  combustion  of  fuel,  40a. 
Table  of  the  heating  powers  of  combustibles, 
4044 

Temperature  of  combustion,  407 ■ 

Combustion,  heat  of,  40a.  404.  405 ;  English  coals, 
414,  428,  430 :  French  coals,  421.  422 :  coke,  436. 

Combustion,  heat  of,  ^as-coke,  407 ;  lignites,  423, 
437,  438  :  asphalte.  427,  438 :  of  wood,  444  :  of 
wood -charcoal,  4Si :  of  peat,  4S5 :  of  peat-char- 
coal,  455  ;  of  tan,  455  ;  liquid  fuels,  456 ;  coal-gas, 

Comlnistion  of  coal.  426:  process,  426  ;  summary  of 
the  products  of  decomposition  in  the  furnace,  436  : 
quantity  of  air  chemically  consumed  in  the  com- 
plete combustion  of  coal,  427 :  table,  showing 


composition,  beat  of  combustion,  and  air  consumed 
by  British  coals,  4^8 :  gaseous  products  of  the 
complete  combustion  of  coal.  428 ;  surplus  air, 
429  :  total  heat  of  combustion,  430. 


Compass,  points  of,  LL 

Composition  of  coals,  British,  412,  411.  4»S-4t7. 
424.  4a8 :  American,  418 :  French.  4/0.  4aa ; 
Indian,  423-425 ;  Australian.  42^,  434  ;  coke,  433; 
lignite,  422.  436,  438;  asphalte,  437 :  wood,  440. 

Composition  of  coke,  433. 

Composition,  chemical,  of  steel,  603. 

Compound  steam  engine,  84^ ;  Woolf  engine,  ideal 
diagrams,  849:  receiver-engine,  ideal  diagrams, 
85a  ;  intermeoiate  expansion  in  the  Woolf  engine, 
gfs ;  and  in  the  receiver -engine,  857  :  work  of  the 
Woolf  engine,  with  clearance,  859 ;  and  of  the 
receiver-engine,  86a  :  comparative  work  of  steam 
in  the  Woolf  engine  and  the  receiver-engine.  867. 

Formulas  and  rules  for  calculating  the  expansion 
and  the  work  of  steam  in  compound  enginc!>,  86g. 

To  find  the  work  done  in  the  two  cylinders  of 
compound  engines.  875. 

Compound  units.  English,  comparison  of :— velocity, 
144 :  volume  and  time,  pressure  and  weight, 
weight  and  volume,  power,  145. 

Compressed  air,  flow  of,  through  pipes,  896. 

Compressed-air  engines,  efficiency  of,  909:  table  of 
corresponding  ratiosof  temperatures  and  pressures, 
when  the  air  Ls  admitted  for  the  whole  of  the 
stroke,  908 ;  table  of  comparative  final  temper- 
atures and  efficiencies,  when  the  air  is  expanded 
adiabaiically,  and  when  it  is  admitted  for  the 
whole  of  the  stroke,  908. 

Machinery-  fur  working  by  compressed  air  at 
Powell  I>uflryn  collieries,  916. 

Compressed  steel.  614. 

Compressibility  of  water,  lafi. 

Compressing  air,  machinery  for,  915;  by  water,  915; 
by  a  direct-action  steam-pump,  91s,  916. 

Compression  of  gases,  345. 

Compression,  of  a  gas,  work  of,  at  constant  temper- 
ature, 899 ;  adiabatically,  903- 

Compression  of  steam  in  the  cylinder,  878. 

Compressive  strength  of  cast  iron.  See  Tensile 
StrtHjrth.  page  980. 

Ccanpressive  strength  of  steel,  535^  596,  S99.  6oa. 
605,  609. 

Compressive  strength  of  timber: — Mr.  Laslett's  ex- 
periments, .S39,  S41 :  Mr.  Kirkoldy's,  546,  S47. 

Compresiiive  strength  of  wrought  iron : — Mr.  Edwin 
Clark's  experiments,  S7o  •  uie  Steel  Committee's, 
S79 ;  Swedish  hammered  bars,  gSi;  Mr.  J. 
Tangye's  experiments.  582. 

Concrete,  crushing  strength  of,  63a. 

Condensation  of  steam  and  vapour>,  462.  472.  475. 

Constructions,  elementary,  strength  of,  633.  See 
Strength  0/ Elementary  Constrnetiom,  page  979. 

Contraction  of  wrought  iron  under  tensile  stress: — 
bars,  572,  580;  notched  bars,  574 ;  plates,  578 ; 
wire,  587, 

Cooke's  ventilator,  926. 

Cooling  apparatus,  Carrde's,  373. 

Copper,  alloys  of,  specific  gravity,  aoo.  aoi.  626. 
627 ;  tensile  strength  of,  626,  637.  .See  Tensile 
Strength  o/^ Alloys  0/ Coffer,  page  980. 

Copper,  tensile  strength  of,  6j6:  wire,  638.  629. 

Copper,  weight  of :— tabulated  weights,  at9-aai ; 
multipliers  for  the  weight  of  copper  bar»,  plates, 
sheets,  &c.,  aao.  326 :  rule  for  the  length  of 
copper  wire,  224;  special  tables  of  the  weight 
of  copper  in  sheets,  pipes,  and  cylinders.  7i;i. 

See  Weight  oj  Iron  and  other  Metals, 

paj?e  983. 
Cord  of  wood,  i£6. 
Corde  of  wood,  H4. 

Cotton  ropes  for  transmission  of  power,  by  Mr. 

Ram-sbottom.  jsj 
Cranes,  stress  in7p97:  power  of  men  at,  718,  ytg. 
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Crushing  resistance.     See  Catn/^ressht  StrtHgth, 
P^RC  973- 

Crushing  strength  of  bricks  and  brickwork,  631. 
Crushing  strength  of  concrete,  63a. 
Curvilineal  figures,  mensuration  of,  95. 
Cycloid  and  epicycloid,  problems  on,  iqj  mensura- 
tion of,  25. 

Cylinders,  hollow,  strength  of,  682.    See  Streneth 
oUiollow  Cylinders,  page  979. 


Danicll's  pyrometer,  327. 

Deflection  of  beams  and  girders,  S27.    See  Tratu- 

verse  Deflection,  pagc^SL 
Deflection,  torsional,  ^fb.    See  Torsional  Deflec- 
tion, page  981. 
Deflection,  transverse,  of  shafts,  756 :  formulas  for 
deflection,  756 :  for  diameter  aj>d  side,  757  :  for 

over-hung  shafts,  757. 


distributed  weight,  757 

Formulas  for  gross  distributed  weight,  length 
of  span,  757. 

Deflection  of  cast  iron.    See  Tranrt'erse  Strength, 

page  981 :  and  Torsional  Strength,  page  9817 
Deflection,  transverse,  of  flanged  beams: — cast- 

iron,  6sa  ;  wrought-iron,  657,  660. 
Deflection  of  steel  bars.  See  Transverse  Strength, 

page  981 :  and  Torsional  Strength,  page  981. 
Deflection  of  timber.    See  Tratin-erse  Strength, 

page  982. 

Deflection    of   wrought  iron.     See  Tranrferse 

Strength,  page  98a;  and  Torsional  Strength, 

page  981. 
Density,  specific,  of  steam,  384,  385. 
Desiccation,  ^93  :  dr>-ing  chambers,  494  ;  drying  by 

contact  with  heated  metallic  surfaces,  496 ;  drying 

grain,  496 ;  drying  wood,  496. 
Deterioration  of  coal  by  exposure,  ai^,  4as- 
Dew-point,  39a. 

Diagonal  rivet-joints  in  iron  plates,  strength  of,  638. 
Diamond  weight,  141. 
Distillation  of  wood,  449. 

Drilled  holes,  influence  of,  on  strength  of  iron 
plates,  584. 

Drilled  wrought-iron  plates  and  punched  plates, 
tensile  strength  of:~Krupp  and  Yorkshire  iron, 
584  :  Staffordshire  bar,  633. 

Drilled  steel  plates  and  punched  steel  plates,  tensile 
strength  of,  610.  611 ;  elongation,  <Sti- 

Dry  measure,  English,  139  ;  French,  140. 

Ductility.    See  Elongaiion. 

E 

Elasticity,  coefficient  of,  503. 

Elements,  mechanical,  296.  See  Mechanical  Prin- 
ciples, page  222; 

Ellipse,  problems  on,       mensuration  of,  2^ 

Elongation  of  cast  iron,  under  tensile  stress,  558, 
56a 

Elongation  of  steel,  under  tensile  stress :— bars, 

593-59^,  598.  601,  605-611,  613-^15,  634. 

Elongation  of  timber,  under  tensile  stress,  545,  546. 

Elongation  of  wrought  iron,  under  tensile  stress: — 
ban*.  57»-S77.  580.  ^Siu  624  :  plates,  ^jj^  ^£8^  583; 
hole*  m  plates.^Si,  61^ 

Engines,  pumping,  water-works,  947. 

Evaporation,  cold  by,  376. 

Evaporation,  spontaneous,  491. 

Evaporative  efficiency'  of  steam-boilers,  768. 

Evaporative  performance  of  steam  boilers.  768;  nor- 
mal standanls,  768:  heating  power  of  fuels,  769: 
evaporative  power  of  coals,  by  Messrs.  Delabiche 
and  Playfair^  770:  performance  of  I^ncaiihire 
stationary  boilers  at  Wigan,  771,  8jj  :  performance 
of  a  marine-boiler  at  Wigan,  781,  809,  816-831; 


performance  of  a  marine-boiler  at  Newcastle-on- 
Tyne,  785,  807.  8i6-8ai;  performance  of  a  marine- 
boiler  at  Kcynam  Factory,  790:  performance  of 
American  coals  in  a  stationary  boiler,  791 ;  and  in 
a  marine-boiler,  795,  810:  stationary  boilers  iu 
France,  796.  81a 

Locomotive  boilers,  798.  80s,  813.  817-821; 
portable  steam-engine  boifere,  801.  814.  817-821. 

Relations  of  grate-area  and  heating-surface  to 
evaporative  performance,  8oa;  general  formulas 
for  practical  use,  8i6. 

Evaporative  power  of  coal—English,  4t4. 

Expansion  by  heat,  335;  linear  expansion  of  solids, 
with  table,  335:  expansion  of  liquids,  338  :  expan- 
sion of  water,  vrith  table.  338-341:  Rankinc's  for- 
mula for  expansion  of  water,  340:  table  of  the  ex- 
pansion of  liquids,  342;  expansion  of  gases,  342: 
expansion  of  air,  343-345:  table  of  the  expansion 
of  air  ajid  other  gases,  34^. 

Expansion  of  air,  work  of,  at  constant  temperature, 
899;  adiabatically,  904. 

Explosive  force,  resistance  of  steel  and  iron  to,  6aa. 

Extension  of  iron  under  stress.    See  Elongation. 

Extension  of  timber  under  stress,  545,  546. 

Extension  of  steel  under  stress.    See  Elongation, 


Factors  of  safety  for  cast  iron,  wrought  iron,  itteel, 
625:  iron  chains,  678,  670:  timber,  foundations, 
mason-work,  625:  ropes.  626.  674;  dead  load,  live 
load,  626;  screwed  bolts  and  nuU,  68» :  cast-iron 
water-pipes,  936. 

Fans  or  ventilators,  924.  See  A  ir-machitury,  page 
971. 

Fires,  open,  heating  by,  488. 

Fire- wood:— French  wood-measure,  140.  IS4,  ^3; 

American  measure,  186.  443;  mouture  in  nf#; 

wood,  439,  441 ;  composition,  441,  442. 
Flax-mills,  machinery  of,  resistance  of,  957;  horse- 
power required.  959. 
Floatation,  axis  of,  277;  plane  of,  277. 
Flow  of  air  and  other  gases,  891 ;  discharge  of  gases 

through  orifices,  891 .  anemometer,  89a;  outflow 

of  steam  through  an  orifice,  893. 

Flow  of  air  through  pipes  and  other  conduits, 

894;  flow  of  compressed  air  through  pipes,  896. 
Ascension  of  air  by  difference  of  temperature, 

897. 

Flow  of  water,  9a9:  flow  through  orifices,  929;  co- 
efficients of  discharge,  930;  Mr.  Bateman's  experi- 
ments,  930. 

Flow  through  a  submerged  nozzle,  Mr.  Brown- 
lee's  experiments,  931. 

Flow  over  waste-boards,  weirs,  &c,  93a. 
Flow  in  channels,  pipes,  and  rivers,  932;  limits 
of  velocity  at  the  bottom  of  a  channel,  934. 
Cast-iron  water-pipes,  934. 
Cast-iron  gas-pipes,  936. 
Flue-tubes,  large,  resistance  of,  to  coUapstng  pres- 
sure, 696. 
Fluid  bodies,  276. 
Fluid-compressed  steel,  614. 
Fluids,  pressure  of,  276. 
Fontaine's  turbine,  942. 

Foot  and  iu  multiples,  rao;  equivalent  value  in 

French  measures,  isi.  i.s^,  154,  156. 
Foot,  square: — decimal  parts,  in  square  inches,  138. 
Forces  in  equilibrium,  271.    See  Mechanical  Frim- 

ciples,  page  976. 

Form  of  specimen,  influence  of,  on  the  tensile 

strength  of  iron.  S74.  584. 
Foumeyron  turbine,  94a 

Framed  work,  strength  of,  697.    See  Strength  o^^ 

Elementary  Constructions,  page  979. 
French  coals,  420.    See  Coal,  page  97a. 
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Friction  of  solid  bodies,  72a:— journals,  yaa;  flat 
surfaces  in  conUct,  723:  friction  on  rails.  724: 
work  absorbed  by  friction,  73s:  hon>e-power 
absorbed  by  friction,  726. 

Friction  of  leather  belu,  744,  748. 

Frictional  resisUnce  of  rivctied  plates,  570. 

Frictiona)  resistance  of  shafting,  763: — resistance  of 
journals  of  horizonul  shafting,  722-726,  763;  up- 
right  shafting,  763;  uble  based  on  Mr.  Webber's 
data,  764. 

Ordinary  dau:— by  Mr.  Tweddell.  763;  by  Mr. 
Westmacott,  Mr.  Walker.  M.  Comui,  Mr.  R. 
DavLson,  Mr.  Webber,  766. 

Frictional  resistance,  g;^ :  — steam  -  engines,  951: 
tools,  951:  wood-cutting  madiines,  954:  gru^ 
stones,  955 :  colliery  winding-engines,  956;  wag- 
gons in  coal  piu,  956:  machinery  of  flax-mills, 
957;  machinery  of  woollen  mills,  959;  conveyance 
of  grain,  960;  traction  on  common  roads  and  on 
fields,  261  ;  resistance  on  railways,  965;  on  street 
tramways,  966. 

Frictional  wheel-gearing,  741. 

Frigorific  mixtures,  373. 

Fuel,  artiAdal,  411^  416,  420,  432,  449. 

Fuel,  combustible  elements  of,  238^  See  ComhustibU 

Elements,  page  973. 
F uels,  409:— coal,  409:  coke,  418,  430:  lignite  and 

asphaltc,  436:  wood.  430:  wood-charcoal,  444: 

peat,  452,  peat  charcoal,  4S5;'Un.4SS:  straw,  456; 

liquid  fuels,  456;  coal-gas,  452;  gaseous  fuel,  ^22, 
Fuels,  heattng  power  of,  269. 
Fuels,  inferior,  equivalent  weights  of  best  coal  and. 

Fuels  in  France,  weight  and  specific  gravity  of, 
207. 

Fuels,  liquid,  456.    See  Liquid  Fuels,  page  226, 
F uels  patent,  411^  416;  Warlich's,  411^  Wylam's, 
Mezalines,  411^  Barker's,  411^  Holland's, 

Fusibility  of  solids,  363. 
Fusion  of  solid  bodies,  btent  heat  of,  367. 
Fuss,  German,  values  of, 


Gallon:  definition  of,  volume  of,  relative  weight  of 
w-ater  and  iu  volume  in  nllons,  125:  imperial 
standard  measure  of  capacity,  128^  French  equiv- 
alent, LSA.  »57;  American  gallon,  ififi. 

Galloway  boiler,  trials  of,  771-777. 

Gaseous  fuel,  922;— Wilson's.  022:  Dowson's,  923. 

Gaseous  products  of  combusOoiT,  quantity  ofToy 
weight,  ^o;  by  volume,  401:  surplus  air,  40a, 
407:  specific  heat  of  products,  408:  products  for 
coal,  ^  428;  for  coke,  ^2il  f<»"  wood,  442;  for 
wood-charcoal,  4S7. 

Gaseous  steam,  specific  heat  of,  353^  384J  total  heat 
of,  384:  density,  384,  385. 

Gases,  air  and  other,  flow  of,  8^  See  Fl4rw  qfA  ir, 
page  224. 

Gases  expansion  of,  342:  of  air,  343-345;  table,  343; 
compression  of,  345;  relations  of  the  pressure, 
volume,  and  temperature  of  gases,  346,  351; 
special  rules  for  one  pound  weight  of  a  gas,  349; 
specific  heat  of,  354,  358,  361. 

Gases  concerned  in  the  combustion  of  fuel,  composi- 
tion and  combining  equivalents  of,  398,  399:  vol- 
ume of,  399. 

Gases  and  vapours,  weight  and  specific  gravity  of, 
216. 

Gases  and  vapours,  mixture  of,  39a:— hygrometry, 
392:  hygrometers,  323^  properties  of  saturated 
mixtures  of  air  and  aqueous  vapour,  with  uble 

^324^  396. 

Ga.ses,  liquefaction  and  solidification  of,  37a. 
Gas-coke,  heat  of  combustion,  40a. 
Gas-engines,  215.   See  Air  Machinery,  page  971. 
Gas-pipes,  cast-iron,  thickness  of,  936. 
Gas-thermometers,  335. 


Gearing.    See  Mill-gearing,  page  977. 

Gearing  by  ropes,  See  Rope -gearing,  page 

Geometrical  problems,  t :— on  straight  lines,  i_i 
straight  lines  and  circles,  ^  circles  and  reaiiineal 
figures,  8;  ellipse,  \j\  parabola,  17^  hyperbola, 
li;  cycloid  and  epicycloid,  131;  catenary,  ao; 
circles,  plane  trigonometry,  211  mensuration 
of  surfaces.  2^:  mensuration  of  solids,  aj;  men- 
suration of  heilhts  and  distances.  30: 

Girders,  strength  of:— warren -girder,  699;  bttice- 
girder,  708:  strut-girder,  708. 

Glass,  tensile  strength  of,  629:  crushing  strength, 
632. 

Gold,  weight  of,  aip-aai;  rule  for  the  weight  of 

gold  wire,  224.  % 
Gold  wire,  tensile  strength  of,  frjH 
Goods  carried  on  the  Bombay,  Baroda,  and  Central 

India  Railway,  weight  ana  volume  of,  213. 
Grain  (weight 140;  equivalent  value  in  French 

measures,  155-152: 
Grain,  apparatus  for  conveyance  of,  resistance  of, 

9^. 

Gramme,  150;  equivalent  values  in  English  mea- 
sures, 155,  157. 

Graphite:— weight  and  specific  gravity,  307:  heal 
of  combustion.  402. 

Gravity,  277;  action  on  inclined  planes,  285:  centre 
of,  282^  work  done  by  it,  31^  See  Mechanical 
Principles,  page  977. 

Guibal's  fan,  925. 

Gun-metal,  weight  of:— tabulated  weights,  219- aai; 

multiplier  for  the  weight  of  gun-meial  balLs.  258/ 
Gun-metal,  tensile  suength  of,  626,  627. 
Gyration,  centre  of,  radius  of,  aM. 


Hammers,  atmospheric,  967. 

Hardened  or  tempered  steel,  tensile  strength  of, 

594.  602,  603^  613. 
Head  of  pressure,  276. 
Heat,  371:— 

Thermometers,  317;  air-thermometers,  325. 

Pyrometers,  336,  966;  air-pyrometer,  327. 

Luminosity  at  high  temperatures,  3a8. 

Radiation  of  heat,  339. 

Conduction  of  heat,  331. 

Convection  of  heal,  331. 

Mechanical  theory  of  heat,  33a. 

Mechanical  equivalent  of  heat,  718. 

Expansion  by  heat,  33^;  solids,  3351  liquids, 
338;  gases,  342. 
Compression  of  gases,  345. 

Relations  of  the  pressure,  volume,  and  tempera- 
ture of  air  and  other  gases,  346. 
Special  rules  for  one  pound  weight  of  a  gas, 

Table  of  the  volume,  density,  and  pressure  of 
air  at  various  temperatures,  351. 

Specific  heal,  352;  of  solids,  358^  352:  of  water, 
3S3i  3S4  :  of  air  and  other  gases,  354^  363, 

Fusibility  or  melting  points  of  solids,  363. 

Latent  heat  of  fusion  of  solid  bodies,  367. 

Boiling  poinu  of  liquids,  368. 

Latent  heat  and  toul  heat  of  evaporation  of 
liquids,  370. 

Liquefaction  and  solidification  of  gases.  37a. 

Sources  of  cold,  373;  frigorific  mixtures,  374. 

Cold  by  evaporation,  376. 

Heal  evolved  by  the  combustion  of  fuel,  402.. 
404.  405 

Temperature  of  combustion,  407. 
Heat,  transmission  of,  through  solid  bodies— from 
water  to  water  through  plates.  452;  heating  .ind 
evaporation  of  liquids  by  steam  through  metallic 
turfaces,  461^  cooling  of'^hot  water  in  pipes,  462: 
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cooling  of  hot  wort  on  metal  platet  in  air,  470;  | 
cooling  of  hot  wort  by  cold  water  in  metallic 
refrigeralors,  471:  condensation  of  steam  in  pipes 
exposed  to  air,  473;  condensation  of  vapours  in 
pipes  or  tubes  by  water,  475. 

Heat,  applications  of,  450-  See  Applications  <J 
Heat,  page  971- 

Heating  of  solids.  437: — cupola  furnace,  497:  plaster 
ovens,  407 ;  metallurgiod  furnaces,  407 :  blast 
furnace,  498. 

Heating  of  water  by  steam  in  direct  contact,  49a. 

Healing  power.  See  Combustion,  Heat  qf^  page 
973- 

Heating  power  of  fuels,  769. 

Hectare,  140;  equivalent  value  in  English  measures, 

LSI  ' 
Heights  and  distances,  mensuration  of,  }^ 

Hemp  ropes  for  gcarit\g,  753. 

Horses,  labour  of,  720;  work  of,  in  carrying  loads, 
^21. 

Horses,  performances  of,  on  roads  in  France,  964. 
Horse-power,  718;  absorbed  by  friction,  726. 
Horse-power  of  round  shafting.  760.  76a:  absorbed 

by  friction.  763. 
Holtzapflfers  Birmingham  wire-gauge,  i-^i ;  his  Btr- 

mingnani  nictal-guuge,  or  plate-gauge,  131  ;  his 

Lancashire  gauge,  i^a  ;  values  in  parts  of  an  inch 

of  his  wire-gauge,  134. 
Hon»e-power  of  toothed  wheels,  737. 
Horse-power  transmitted  through  leather  belts,  743- 

242: 

Hopic-power  required  for  a  flax-spinning  mill,  959 ; 

for  a  woollen  mill,  960 
Hot-air  engines,  q  17 ;   /first-class).  Rider's,  ^17  • 

(second-class),  Bclou's  hot-air  engine  at  Cusset, 

Hydraulic  machines,  Armstrong's,  95ft 
Hydraulic  press,  950:  strength  of,  687. 
Hydraulic  rams.  94  J- 

Hygrometers.  {93  ;  Daniell's.  vi\  \  Regnault's.  39.^ ; 

Mason's  wet  and  dry  thermometers,  .^94. 
Hygrometry,  39a  ;  dew-point,  19a. 
Hygroscopic  water  in  British  coals,  416. 
H  >'perbola,  problems  on,  i8j  mensiuation  of,  t^. 


Ice,  its  volume,  weight,  melting  point,  specific  heat, 
127  ;  specific  heat  of,  137,  ;  specific  gravity  of, 
137 ;  melting  point  of,  364  :  latent  heat  of  fusion 
of,  367:  frigorific  mixtures  with,  375. 

Ice-making  machine,  Siebe's,  373. 

Inches,  their  multiples,  129;  their  decimal  values 
in  parts  of  a  foot,  13s  :  fractional  parts  and  deci- 
mal equivalents,  13s  :  equivalent  value  in  French 
measures,  151,        154.  156. 

Inclined  plane,  action  of  gra>'itY  upon,  285 ;  prin- 
ciple of,  306-  identity  of  it  with  the  lever,  308 ; 
work  done  wuh  it,  314. 

India-rubber  belts,  strength  of,  680,  7^0. 

Indian  coaU,  423.    See  Coal,  page  97a. 

Inertia,  moment  of,  288. 

Iron,  weight  and  specific  gravity: — of  wrought  iron, 
aoa.  ai7.  ai8 :  of  cast  iron,  203.  ai?.  aiS. 

Iron  and  other  metals,  tables  of  weight  of,  317. 
See  M'eight  of  Iron  and  Other  Metals,  page  983. 

Iron,  wrought,  weight  of;  data  for  the  weight,  217. 
xifl :  rules  for  the  weight,  333  :  tabulated  weights, 
319-221  ;  weight  of  French  galvanized  wire,  335  ; 
special  tables  of  weight  of  wroueht-iron  bars, 
plates,  "ihccts,  ho<;>p!»,  wire,  and  tiu^cs,  226-350 ; 
multipliers  for  wrought  -  iron  balls,  358.  See 
Weight  of  Iron  ami  Otkrr  Metals,  page  983. 

Iron,  hammered  ;  multipliers  for  weight  of  bars, 
plates.  &c.,  220. 

Iron  wire  ropes,  strength  and  weight  of,  674-677. 


Jonval  turbine,  94a. 
Joule's  equivalent,  33a. 

Journals  of  shafts,  766;  of  railway  axles,  767. 
Journals,  friction  of,  in  their  bearings,  732  :  coeffi- 
cients, 724  :  work  of,  723  :  horse-power,  726. 

K 

Kilogramme,  standard,  146.  150:  equivalent  value  in 
English  measures,         i  ^7- 

Kilometre.  147 :  equivalent  value  in  English  mea- 
sures, 150,  156. 

L 

Labour,  718.    See  Work,  page  984. 
Lama,  work  of,  in  carrying  loads,  7ai. 
Lancashire  wire-gauge.  132. 

Land  measure,  English,  lineal,  130:  supetfidal,  137: 
French,  superficial,  149. 

Latent  heat  of  fusion  of  solid  bodies,  367 ;  of  eva- 
poration of  liquids.  370.  373:  of  steam,  380. 

Lattice-girder,  parallel,  strength  of,  708. 

Lead,  weight  of;  tabulated  weights,  219-aat ;  multi- 
plier for  the  weight  of  lead  bars,  plates,  &c ,  aaoL: 
special  table  of  the  weight  of  lead  pipes,  a6c>. 
See  Weight  0/  Iron  and  Other  Metals,  page  983, 

Lead,  tensile  strength  of,  637. 

Leaihcr-belting,  tensile  strength  of,  679.    See  TVw- 

sile  Streng^th,  page  980. 
Lenoir's  gas  engine.  ^19. 
Lever,  396;  work  done  with  it,  313. 
Lignite : — composition,  422.  436,  438  ;  heat  of  com- 
bustion. 433.  4  37.  438J  hygromctnc  moisture,  436; 

weight  and  specific  gravity.  207,  4 36,  437. 
Lineal  measure,  English,  129 ;  French,  147. 
Liquefaction  and  solidification  of  gases,  37a. 
Liquid  fuels,  456^  petroleum,  456 :  petroIeum-oUs, 

4S6 ;  schist-oil,  457  ;  pinc-wooa  oil,  457. 
Liquid  measure,  English,  136 ;  French,  149. 
Liquids,  expansion  of,  338  :  of  water,  338-341;  table, 

343 ;  specific  heat  of,  362  :  boiling  points  of,  368  ; 

latent  heat  and  total  h«itof  evaporation  of,  370, 37a. 
Liquids,  weight  and  specific  granty,  315. 
Litre,  defined,  147,  149  ;  equivalent  value  in  English 

measures,  154,  157. 
Logarithms  of  numbers,  3aj  table,  38. 
Logarithms,  h)'perbolic,  of  numbers,       table,  fio. 
Lubrication,  957. 

Luminosity  at  high  temperatures,  328. 


M 

liriachines  for  raising  water,  944-  See  Water,  page 

082. 

Malleable  cast  iron,  strength  of,  561. 
Mass,  287. 

Materials,  strength  of,  "ioo.  See  StrengtA  ^  Maters- 

ials.  page  979. 
Mathematical  tables,  33. 

Measurement,  compound  units  of,  eqtiivalents  of 
French  and  English.  157;  weight,  pressure,  and 
measure.  157^  volume,  area,  and  length,  158; 
work,  158 ;  neat,  speed,  money,  159. 

Measurement,  principal  units  of,  tag. 

Measures.  English  and  French,  approximate  equi- 
valents of,  1  s6. 

Mechanical  centres,  aS?.  See  Mechanical  Prin' 
iiples,  page  977. 

Mechanical  elements,  396.  See  Mechanical  Prin- 
ciples, page  977. 

Mechanical  eqmvalent  of  heat,  33a. 

Mechanical  theory  of  heat,  33a;  Joule's  etjuivalent, 
332;  illustrations,  333. 

Mechanical  principles,  fundamental,  a7i. 

Forces  in  equilibrium:— solid  boaies,  parallel- 
ogram of  forces,  polygon  of  forces,  moments  of 
forces,  371;  the  catenary,  373;  centrifugal  forces. 
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a74;  parallel  forces,  375:  paralleloptped  of  fbrces,  I 
826, 

Fluid  bodies: — EVessure  of  fluids,  head  of  pres- 
sure, buoyancy,  axis  of  floatation,  plane  of  noat- 
ation,  stability,  metaccntre,  376. 

Motion: — uniform  motion,  velocity,  acceleruted 
and  retarded  motion,  377. 

Gravity: — falling  bodies,  time,  velocity,  and 
height  ot  fall,  278:  rules  for  the  action  of  gravity, 
a7<p;  table  of  velocity  due  to  height,  a8o;  table  of 
fi^^ht  due  to  the  velocity,  281 :  table  of  height  of 
fall  and  velocity,  for  the  time,  2&L. 

Accelerated  and  retarded  motion  in  general: — 
general  niles  for  accelerating  forces,  282; 

Action  of  gravity  on  inclined  planes,  special 
rules  for  the  descent  on  inclined  planes,  385. 

Average  velocity  of  a  moving  body  uniformly 
accelerated  or  retarded, 

Mxis,  282, 

Mechanical  centres: — centre  of  ^javity,  ■67; 
centres  of  gyration,  radius  of  gyration,  moment 
of  inertia,  388:  centre  of  oscillatton,  290;  the  pen- 
dulum, 391 :  centre  of  percussion,  294. 

Central  forces: —centripetal  fo{ce,  ccntiiftigal 
force,  rules,  294. 

Mechanical  elements:— lever.  396:  pulley,  30a: 
wheel  and  axle,  <os;  inclined  plane,  306;  iaciitity 
of  the  inclined  plane  and  the  lever,  308 :  wedge, 
y>9:  screw,  iii. 

Work: — definitions.  312;  work  done  with  the 
lever,  31^;  with  the  pulley,  ^1;  with  the  wheel 
and  axle,  ^14:  with  tne  inclined  plane,  314;  with 
the  wedge,  31^;  with  the  screw,  315;  by  gravity,  ' 
315:  work  accumulated  in  solid  bodies,  315;  wonc 
done  by  percussive  force,  316. 

Melting  points  of  solids,  363:  table,  364. 

Men,  labour  of,  718:  work  of,  in  carrying  loads,  700. 

Mensuration  of  surfaces,  rj;  solids,  tj:  heights  and 
distances,  30;  circle,  3£:  ellipse,  parabola,  hyper- 
bola, cyctom7and  epicycloid,  curvtlineal  figures,a5. 

Metaccntre,  377. 

Metals,  melting  points  of,  363:  table,  36s. 

Metals,  weight  and  specific  gravity  of,  aoa,  6a6,  627. 

Metre,  standard,  146,   147:  equivalent  value  in 

English  measure,  150,  156. 
Metric  system,  French:  countries  in  which  it  is 

legalized,  146;  mile,  129:  equivalent  value  in 

French  measures,  151,  156. 
Mill-gearing,  727:  toothed  gear,  ya?;  iiiccional- 

wheel -gearing,  741 ;  belt-pulleys  and  bcks,  74a; 

rope-gcaring,         shafliut;,  756. 
Mine  ventilators,  925.    See  Air  Mackttury,  page 

Mineral  substances,  sundry,  weight  and  specific 

gravity  of,  aos- 
Mitre  wheels.    See  Toothtd  Wlu*U,  page  981. 
Moisture  in  coal,  416;  in  coke,  434;  in  wood,  439; 

in  wood-charcoal,  451. 
Moments  of  forces,  371. 
Money,  190:— 

Great  Britain  and  Irebnd:— Taloe,  weight,  and 

composition  of  coins,  190. 

France: — value,  weight,  and  coinposition  of 

coins,  and  equivalent  %^ue  in  English  money, 

190 

Germany: — currency  established  in  187a.  old 
currency,  191. 

Hansc  towns: — Hamburg,  Bremen,  Lubeck^igi. 
Austria,  19a. 
Russia,  192. 

Holland,  Belgium,  Detunaric,  Sweden,  Nxir- 
way,  192. 

Switzerland,  193. 

Spain,  Portugal,  Italy,  Turicey,  Greece  and 
Ionian  Islands,  Malta.  193. 

Egypt,  Morocco,  Timu,  Arabia,  Cape  of  Good 
Hope, 


Indian  Empire,  195. 

China,  Cochin-china,  Persia,  Japan,  Java,  195. 
United  States  of  America,  lo^. 
Canada — British  North  America,  196. 
Mexico,  196. 

Central  America  and  West  Indies: — British  West 
Indies,  Cuba,  Guatemala,  Honduras,  Costa  Rica, 
St.  Domingo.  196. 

South  America :  —Colombia,  Venezuela,  Ecua- 
dor, Guiana,  Brazil,  Peru,  Chili,  BoUvia,  Argen- 
tine Confederation,  Uruguay,  Paraguay,  196. 
Australasia,  197. 
Mortar,  strength  of :— tensile,  629:  crushing,  63a. 
Motion,  377;  accelerated  and  retarded  motion, 
Mules,  work  of.  in  carrying  loads,  731. 
Montz's  metal,  tensile  strength  of,  6a7. 
Music-wire  gauge,  13a. 

N 

Nautical  measure,  i^oi. 
Needle-gauge,  13a. 
Noria,  212; 

North  Moor  Foundry  turbine,  94a. 
Notched  form  of  specimen  of  iroD«  comparative 
strength  of,  374:  of  steel,  fiaa. 

O 

Oscillation,  centre  of,  290. 

Otto  &  Langen's  gas-engine,  919:  Utto  engine,  cat. 
Outflow  of  steam  through  an  orifice,  893. 
Orershot  water-wheel,  938. 

P 

Paddle  water-wheel,  938. 

Palladium  wire,  tensile  strength  of,  ^-^R 

Parabola,  problems  on,  17 ;  mensuration  of,  as. 

Parallel  forces,  275. 

Parallelogrpm  of  forces,  371. 

Parallelopipcd  of  forces,  376. 

Peat,  volume,  weight,  and  specific  gravity  of,  307. 

Peat,  453:— its  ori^n,  ^3;  composition,  ivj,  454: 
moisture,  453:  air-dncu  peat,  4^4;  prooucis  of 
distillation,  454:  heat  of  combuslfen,  455. 

Peat-charcoal,  45s:  heat  of  combustion,  455. 

Pendulum,  391. 

Percussion,  centre  of,  394. 

Percussive  force,  work  done  by,  316. 

Phosphor-bronae,  tensile  strength  of,  628,  629. 

Piles,  timber,  strength  of,  646. 

Pipes,  flow  of  air  through,  894,  896. 

Pipes,  flow  of  water  in,  932. 

Pipes,  heating  of  water  by  steam  in,  463:  cooling 
of  water  in.  469;  condensation  of  steam  in,  47*, 
47S:  heating  of  rooms  by  hot  water  in,  481. 

Pipes,  gas,  cast-iron,  thickness  of,  936. 

Pipes,  water,  cast-iron,  dimensions,  weight,  and 
strength  of,  234. 

Pipes,  weight  of,  ssi,  253-358,  262,  269,  936. 

Piping,  screwed  iron,  Whitwortb's  standard  pitches 

for,  68j. 
Pitch  of  toothed  wheels,  728. 

Pivots,  friction  of,  in  their  bearings,  work  of,  735; 
horse-power,  726. 

Plaster  of  Paris,  tensile  strength  of,  629,  630. 

Platinum  wire,  rule  for  weight  of,  334. 

Platinum  wire,  tensile  strength  of,  fiifi^ 

Poncelet's  undershot  water-wheel,  937. 

Potmd  (weight^,  140. 141:  avoirdupois  and  troy  com- 
pared, 140;  equivalent  in  French  measures,  155. 

Power  transmitted  by  shafting,  760;  work  for  one 
turn,  horse-power,  760,  yfig. 

Power.    See  IVork,  984. 

Press,  hydraulic,  949. 

Pressure  of  fluids,  head  of  pressure,  376. 
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Pressure  of  vapours  at  ara!  F. .  370. 

Pressure  of  water,  measures  of  pressure,  lafi. 

Products  of  combustion,  40a  See  Gaseout  Pro- 
ducts, page  975. 

Pulley,  302;  work  done  with  it,  313. 

Pulleys,  belt,         See  BeltpulUys,  page  gji: 

Pumps,  reciprocating,  Q44:  centrifugal,  946;  end- 
less-chain, 947;  steam- vacuum,  969. 

Pumping  engines,  water-works,  94P. 

Punched  holes,  iron  plates  and  bars  with,  strength 
of,  584,  633. 

Punched  steel  plates,  tensile  strength  of,  6io.  6ti. 
64a. 

Punching  strength  of  wrought  iron,  587. 
Pyrometers.  376;  Wedge  wood's,  337;  Daniell's,  327; 
air-p^'romcter,  xn ,  Wilson's  pyrometer,  327;  Sie^ 


mens  pyrometer,  967. 


R 


Rails,  railway^  transverse  strength  and  deflection  of, 

661  ■    See  Trantveru  Strength,  page  981. 
Rails,  friction  on,  724. 
Railway  axles,  proportions  of,  767. 
Railway  rails,  transverse  strength  and  dcflectioin  of, 

6dL    See  Traim-erse  Strength,  page  961. 
Railways,  resisUnce  on,  q6s« 
Rams,  hydraulic,  948. 
Reciprocals  of  numbers,  ^Zl  table,  ufi. 
Reciprocating  pumps,  944. 
Regnault's  air-thermometer,  326. 
Resistance,  frictional,  qt^  951.     See  FrictioHal 

Ktsistance,  page  g/Si 
Resistance  of  air  to  the  motion  of  flat  surfaces,  897. 
Resistance  of  materials.  See  Strength  of  Materials, 

page  979. 
Resisunce  on  railways,  965- 
Resistance  on  street  tramways,  g66c 
Rider's  hot-air  engine,  917. 
Rivers,  flow  of  water  in,  932. 

Rivets  and  rivet  iron,  shearing  strength  of,  570i  588. 
Rivet-joinu,  tensile  strength  of,  633- 
Rivet-joints,  proportions  of,  641. 
Rivetted  plates,  frictional  resistance  of,  STo. 
Rivetted  wrought-iron  joists,  transverse  strength  (A, 
653 

Roads,  resistance  to  traction  on,  961,  96a. 
Roofs,  strength  of,  211 
Root's  blower,  927- 

Rope-gearing,  753:— transmission  of  power  by  hemp- 
ropes,  7S3:  use  of  wirc-ropcs,  by  M.  Him,  7S4: 
cotton-ropes,  by  Mr.  Ramsbottom,  755. 

Ropes,  tensile  strength  and  weight  of,  673-  Sec 
Tensile  Strength,  page  980. 

Rylands  Brothers,  wire-gauge,  1^  247. 

S 

Safety,  faaors  of,  625.  See  Factors  of  Safety,  p.  924. 
Salts,  saturated  solutions  of,  boiling  points  of,  369. 
Screw,  3H ;  work  done  with  it,  315. 
Screw-threads,  681* 

Sea-water;  its  volume,  weight  and  compontion,  126. 
Sea-water,  composition  of,  126 :  weight  of,  126: 
speciftc  gravity  of,  126;  boiling  point  of,  369,  370. 
Section  of  land,  189. 
Ser,  i£a. 

Shafting,  756:  transverse  deflection,  756;  overhung 
shafts,  757:  torsional  strength  ana  oeflection  of 
round  shafts,  758:  power  transmitted,  760:  net 
weight  of  shaftmg,  \  ■  table  of  the  strength  of 
round  wrought-iron  shafting,  with  multipliers  for 
cast-iron  and  steel,  76a. 

Frictional  resistance  of  shafting,  763. 

Shearing  strength  of  cast  iron,  561. 

Shearing  strength  of  steel,  SQS.  6o.s:  deduction,  617. 

Shearing  strength  of  limber,  551. 


Shearing  strength  of  wrought  iron,  587: — Mr.  Edwin 
Clark,  570;  Swedish  iron,  581:  Mr.  Little's  ex- 
periments, 5821  chief-engineer  Shock's,  587;  con- 
clusion, 588. 

Shearing  stress,  definition  of,  soo;  stress  in  beams 

and  puue-girders,  525. 
Shearing  stress,  torsional,  of  steel  bars,  6aa. 
Ships,  measure  for,  144. 
Siebe's  ice-making  machine,  373. 
Siemens'  pyrometer,  967. 

Silver,  weight  of,  ai9-aai  ;  rule  for  the  weight  of 

silver  wire,  224. 
Silver  wire,  tensue  strength  of,  628. 
Sines,  cosines,  &c,  of  angles,  304  36]  tables,  10  ^. 

iif>. 

Small  coal,  409.  4ao:  utilization  of,  410.  4»o:  wash- 
ing of,  411- 

Snow,  its  volume  and  weight,  127. 

Snow,  frigorific  mixtures  with,  375. 

Solder,  soft,  tensile  strength,  627. 

Solidification  and  liquefaction  of  gases,  372. 

Solids,  mensuration  of,  27. 

Solids,  weight  and  specific  gravity  of,  199-214 

Solids,  expansion  of,  33^;  specific  heat  of,  359:  fusi- 
bility of,  363;  latent  heat  of  fusion  of,  367. 

Solids,  heating  of,  497.  See  Heating  qf_  SoRds, 
page  226- 

Specific  gravity,  158.  See  Weight  and  Sfecijic 
Gravity,  page  982. 

Specific  gravity  of  coals:— English,  414.  416,  417, 
424;  American,  418,  419;  French,  421:  Indian, 
424;  Australian,  434. 

Specific  gravity  of  limber.  539-543,  545-547- 

Specific  gravity  of  cast  iron,  SS4.  557. 

Specific  gravity  of  wrought  iron,  568,  578,  603. 

Specific  gravity  of  wrought  iron,  influence  of  wire- 
drawing on  specific  density,  247  :  influence  of  cold- 
rolling,  578  ;  mfluence  of  stretching,  578. 

Specific  gravity  of  steel,  603. 

Specific  heat,  35a :  — specific  heat  of  water,  ice. 
steam,  127,  353;  of  water  at  various  temperatures, 
3,S4:  of  air  ana  other  gases,  is8,  3^4  ;  of  ga.scs  for 
equal  volumes,  358;  taole  of  specific  heat  of  solids^ 
359 :  of  liquids,  362;  of  gases,  363:  specific  heat  <rf 
gaseous  steam,  384. 

Speeds  of  toothed  wneels,  727. 

Spontaneous  evaporation  in  open  air,  491. 

Springs,  steel,  strength  of,  671*.  See  Transverst 
Strength,  pa^e  981. 

Spur  wheels.    See  Toothed  Whtels,  page  981. 

Subility  of  floating  bodies.  277. 

Sta^bolts,  screwed,  and  flat  surfaces,  strength  of. 

St»m,  378. 

Physical  properties  of  steam,  378. 

Saturated  steam:— relation  of  the  temperature 
and  pressure,  378:  total  heat.  379:  latent  heal, 
380;  appropriation  of  its  constituent  heat  at  aia*. 
380:  volume  and  density,  381;  relative  volume. 

Gaseous  steam,  383;  its  total  heat,  384:  specific 
heat,  384. 

Sprrihc  density  of  gaseous  steam,  384:  of  satu- 
rated steam,  384. 

Density  of  gaseous  steam,  385. 

Table  of  the  properties  of  saturated  steam,  from 
3a*  to  212*  385,  386. 

'^'able  of  the  properties  of  saturated  steam  for 
high  pressures,  385,  387. 

Table  of  comparaiivcHensity  and  volume  of  air 
and  saturated  steam,  391. 
Steam,  expansive  workmg  of,  principles  of,  8a*- 
877. 

Practice  of,  879:— actual  performance  of  steam 
in  the  steam-engine,  879:  oata  of  the  practical 
performance  of  steam  m  single-cylinder  condenv 
ing engines,  880;  in  compoundcondensing  engines, 
881 :  in  single-cylinder  non-condensing  engines. 
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883:  in  American  marine  engines,  884:  in  Frmch 
stationary  engines,  8M. 

General  deductions  from  the  data  of  the  actual 
perfonnance  of  steam,  886: — single-cylinders  with 
steam  ^ackeu,  condensing,  886;  non-condensing, 
886;  without  i^team  jackets,  condensing,  887:  non> 
condensing,  887;  compound-cylinders  with  steam 
jackets^  condensing,  887:  proportional  ratios  of 
expansion  in  the  first  and  second  cylinders,  887; 
compound-engines  without  steam  in  jackets,  con- 
densing, SM. 

Conclusions  on  the  actual  performance  of  steam, 
888:  uble  of  the  practical  performance  of  steam- 
engines,  890. 

Steam,  gaseous.    See  Gasttmt  SUam,  page  g75. 

Steam  in  the  cylinder,  compression  of,  878. 

Steam,  outflow  of,  through  an  orifice,  893. 

Steam-boilers,  evaporative  perfonnance  of,  768. 

Steam-engine:  — 

Action  of  steam  in  a  single-cylinder,  8aa;— pres- 
sure  of  steam  during  expansion  in  a  cylinder,  8aa: 
work  of  stenm  by  expansion,  824;  clearance  in 
steam-cylinders,  827;  formulas  for  the  work  of 
steam  in  the  cylinder,  8a8;  initial  pressure  in  the 
cylinder,  829;  average  total  pressure  in  the  cylin- 
der, 830:  average  effective  pressure  in  the  cylin- 
der, 830;  period  of  admission  and  the  actual  ratio 
of  expansion,  830;  relative  performance  of  equal 
weights  of  steam  worked  expansively,  833;  pro- 
portional work  done  by  admission  and  expansion, 
833;  influence  of  clearance  in  reducing  the  per- 
formance  of  steam  in  the  cylinder, 

Table  of  ratios  of  expansion  of  steam,  with  rela- 
tive periods  of  admission,  pressure,  and  total  per- 
formance, 835,  836:  total  work  done  by  one  pound 
of  steam  expanded  in  a  cylinder,  830;  consump- 
tion of  steam  worked  expansively  per  horse-power 
of  total  work  per  hour,  840;  uble  of  the  total 
work  done  by  one  pound  of  steam  of  100  lbs. 
total  prcs<sure  per  square  inch,  840,  841 ;  net  cylin- 
der capacity  relative  to  the  steam  expended  and 
work  done  m  one  stroke,  843:  uble  of^ relations  of 
net  capacity  of  cylinder  to  steam  admitted  and 
work  aone,  844,  846. 

Compression  of  steam  in  the  cylinder,  878. 

Steam-engines,  internal  resistance  of,  951,  957. 

Steam-engine,  compound.  See  Com^und  SUam- 
mgine,  page  973. 

Steam-vacuum  pump,  969. 

Steel,  weight  and  specific  gravity  of,  aoa,  217. 

Steel,  weight  of:— data  for  the  weight.  217;  rules 
for  the  weight,  223  ;  ubulated  weights,  219-221; 
multiplier  for  weight  of  steel  bars,  plates,  &c. 
326;  special  Ubies  of  weight  of  steel  \xxn  and 
chisel-steel,  251,  259-261;  multiplier  for  steel  balls, 
258.  See  Weight  of  Iron  and  other  Metals,  page 

Steel,  strength  of,  593^  See  Strmglh  0/ Steel. 

Steel  columns,  strength  of,  644,  646. 

Steel  springs,  strength  of,  621.    See  Trantverte 

Strength,  page  981. 
Steel  wire,  tensile  strength  of,  617,  6aQ. 
Steel  wire-ropes,  strength  and  weight  of,  674.  6jk. 

67Z: 

Stire,  t^  equivalent  value  in  English  measures, 

Sterro-metal,  tensile  strength  of,  6vt. 

Stones,  specific  gravity  of,  203;  of  precious  stones, 

2S22. 

Stones,  strength  of :— tensile  strength.  620:  crushine 
strength,  621.  * 

Stoves  and  hot  air,  heating  by,  488. 

Strain,  definition  of,  soo. 

Straw,  composition  of.  456. 

Strength  of  materials,  500: — kinds  of  stress,  soo; 
elastic  strength,  ultimate  or  absolute  strength, 
500:  work  oiresisunce  of  material,  so»:  coeflS- 
aent  of  elasticity,  503 ;  transverse  strength  of 


homogeneous  beams,  504:  forms  of  beams  of  uni- 
form strength,  517;  sheanng-stress  in  beams  and 
plate -girders.  S2«; ;  deflection  of  homogeneous 
beams  and  girders,  52^;  uniform  beams  supported 
at  three  or  more  pomts,  j^ii  torsional  strength 
and  deflection  of  shafts,  534. 

Strength  of  limber,  517^  strength  of  cast  iron, 
5S3:  strength  of  wrought  iron,  567;  strength  of 
steel,  593:  recapitulation  of  daU  on  the  direct 
strength  of  iron  and  steel,  623. 

Working  strength  of  materials — factors  of  safety, 
625. 

Strength  of  copper  and  other  meUls,  626;  tensile 
strength  of  wire  of  various  meuls,  628. 
Strength  of  stone,  bricks,  &c.,  629. 

Strength,  transverse,  of  homogeneous  beams,  S03. 
See  Transverse  Strength,  page  981. 

Strength,  uniform,  forms  of  beams  of,  517:  rectan- 
gular semi-beams,  518--^ ao;  flanged  semi-beams, 
51'j,  521 ;  semi-beams  of^ circular  or  elliptical  sec- 
tions, 519, 521 ;  rectangular  beams.  521-533;  flanged 
beams,  523,  524;  stress  in  curved  flange,  525. 

Strength  of  framed  work,  697:  illustrations  of  stress 
in  framed  work,  697:  elementary  truss,  698;  framed 
girders—the  Warren-girder,  699-708;  parallel  lat- 
tice-girder, 708;  parallel  stnu -girder,  708-713; 
roofc,  7'3-7t7 

Strength  of  cast  iron,  553:--Mr.  Hodgkinson's  ex- 
periments on  tensile  ajitl  compressive  streneth, 
5Vl;  Dr.  Anderson's,  55^  strength  as  afTccted  by 
the  mass  of  the  metal.  555;  as  affected  by  cold- 
bl.ist  and  hot-blast,  s^s;  increased  by  remelting, 
Mr.  Bramwell's  expenmenu,  556;  Sir  Wm.  Fair- 
baim's  557:  Major  Wade's,  557. 

Elastic  tensile  and  compressive  strength  of  cast 
iron,  558. 

Shcanng  strength  of  cast  iron,  561. 
Malleable  cast  iron,  561. 

Transverse  strength  of  cast  iron:— Mr.  Barlow's 
experiments,  561;  Mr.  Edwin  Clark's  daU,  s6a; 
Mr.  Hodgkinson's  data,  563;  test  bars,  564. 

Transverse  deflection  and  elastic  strength  of 
cast  iron;  formulas,  564. 

Torsional  strength  and  deflection  of  cast  iron; 
Mr.  Dunlop's  daU;  formulas,  565. 

Recapitulation  of  daU  on  the  direct  strength  of 
cast  iron,  623. 


Factors  of"^ safety,  6as. 

-Poii 

630. 


Strength  of  cement: — Portland,  630,  63a;  Roman, 


Strength  of  elemenUry  constructions,  633 ;  rivet- 
joints,  6j3J  pillars  or  columns.  643^^  cast-iron 
flanged  beam.s,  64^  ;  wrought-iron  flanged  beams 
or  joints,  buckled  iron  plates,  660 :  railway  rails, 
661  ;  steel  springs,  671 :  ropes,  673 ;  chains,  677  ; 
leather  beltmg,  679;  bolts  and  nuts,  680:  ux>n 
piping,  683;  screwed  suy-bolu  and  sUyed  sur- 
faces, 685. 

Hollow  cylinders :— tubes,  pipes,  boilers,  &c., 
687.    Framed  work : — cranes,  girders,  roofs,  &c, 

6977 

Strength  of  glass: — tensile,  629:  crushing,  63a. 
Strength  of  hollow  c)-linders,  687:— resistance  to 
internal  or  bursting  pressure,  687:  hydraulic  press, 
687:  't»  bursting  strength,  witti  formulas,  689.  600; 
longitudinal  resisunce,  692;  resistance  of  wroughl^ 
iron  tubes.  692,  695:  a  Lancxshire  boiler,  693;  a 


cylindrical  marine  boiler,  693;  cast-iron  pipes, 
lead  pipes,  696. 

Resistance  to  collapsing  pressure,  694: — solid- 
drawn  tubes,  with  formulas,  694:  large  flue-tubes, 
696. 

Strength  of  steel,  sjn:— Sir.  Wm.  Fairbaim's  experi- 
ments, 568;  MrTRirkaldy's  early  experiments  on 
tensile  strength  of  bars  and  plates,  593;  strength 
of  hematite  steel,  534^  strength  of  Xrupp  steel, 

525; 

Experiments  of  the  Steel  Committee  of  Civil 
Engineers,  5g6:  tensile  .strength  of  tempered  steel; 
experiments  at  Woolwrich  OtKkyard,  6oa:  strength 
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of  Fagenta  steel,  604:  Siemens'-stecl  plates  and 
tyres,  6ia:  Whit  worth's  fluid-compressed  steel, 
6x4. 

ChcmofTs  experiments  on  the  influence  of  tcm* 
peratiire  on  the  structure  of  steel,  tuA. 

Tensile  strength  of  steel  wire,  617,  699. 

Shearing  strength  of  steel,  617. 

Transverse  strength  and  deflection  of  sted: — 
data  and  fcrmulas,  617, 

Torsional  strength  and  deflection  of  steel  bars, 
619. 

Strength  of  steel  relatively  to  the  proportion  of 
constituent  carbon,  6ai.  664. 

Resistance  of  steel  and  iron  to  explosive  force, 

62a. 

Recapitulation  of  dau  on  the  direct  strength  of 
steel,  623. 

Factors  of  safety,  625. 
Strength  of  stones: — tensile,  639;  crushing,  631. 
Strength  of  timber,  sy:- -general  conditions  of 
strength,  538:  Mr.  Laslett**  experiments  on  trans- 
verse, tensile,  and  compressive  strength,  538, 
647;  Mr.  Fincnam's  experiments  on  the  transverse 
strength  of  soft  woods,  542;  Mr.  Barlow's  experi- 
ments on  transverse  strength,  547. 

Transverse  strength  of  beams  of  large  scantling, 
Mr.  Maclurc's  experiments,  542 ;  Mr.  Edwm 
Clark's  experiments,  544:  Mr.  G.  Graham  Smith's 
experiments,  544:  Mr.  Baker's  data,  544;  MM. 
Chevandier  and  Wert heim's  experiments,  545. 

Elastic  strength  and  deflection  of  timber,  S4S: 
experiments  on  teasile  stren£th  by  MM.  Chevan- 
dier and  Wcrtheim,  546:  and  by  Mr.  Laslett,  5^6; 
experiments  on  compressive  strength  by  Mr. 
Kirkaldy,  546 ;  Mr.  Barlow's  experiments  on 
transverse  strength,  547. 

Rules  for  the  strength  and  deflection  of  timber, 
548:  analysis  of  Mr.  1-a.slett's  expenmental  results. 
548;  and  of  Mr.  Fincham's  results.  549:  calculates 
tensile  strength  of  timber  of  large  scantling,  549: 
formulas  for  the  transverse  strength  of  timber  of 
large  scantling,  .sy>.  SM :  fonnulas  for  the  trans- 
verse deflection  of  timber  beams  of  uniform  rec- 
tangular section,  550:  shearing  strength  of  timber, 
55«-  ^ 

Strength  of  toothed  wheels,  735. 

Strength  of  wrought  iron,  567:  Mr.  Telford's  experi- 
ments on  tensile  strength,  567:  Mr.  Barlow's,  567: 
Sir  William  Fairbaim's,  567  ;  Mr.  Thomas  Lloyd's, 
569;  Mr.  Edwin  Clark  s,  570:  Mr.  Kirkabiy's 
57'- 

Experiments  of  the  Steel  Committee  of  Ovil 
Engineers,  579:  hammered  iron  bars  (Swedish), 
581 :  Mr.  J.  Tangye's  experiments  on  compres.'nve 
resistance:  Kruppand  Yorkshire  iron  plates,  583: 
Prussian  iron  plates,  586:  Sir  Joseph  WhitwordrF 
experiments,  615. 

Tensile  strength  of  iron  wire,  347,  586. 6a8.  629, 

6j_6. 

Shearing  .ind  punching  strength  of  iron,  587. 
Tran.svcrse  strength  of  iron:— Swedish  bars,  58a; 
Mr.  Barlow's  data,  588;  Mr  Edwin  Clark's  data, 
588:  formulas:  transverse  deflection  and  elastic 
strength  of  wrought  iron,  590. 

Torsional  strength  and  deflection,  590. 
Resistance  of  iron  to  explosive  force,  622. 
Recapitulation  of  data  on  the  direa  strength  of 
iron,  623. 

Factors  of  safety,  6a s,  679. 
Strength  of  round  wrought-iron  shafting,  table  of, 

with  multipliers  for  cast  iron  and  for  steel,  769. 
Stress,  kinds  of,  500. 
Stress,  working,  for  screwed  bolts,  68i. 
Stretching,  influence  of,  on  the  density  of  wrought- 
iron,  578. 

Strut-girder,  parallel,  strength  of,  708. 
Sulphur,  process  of  combustion  of,  399. 
Surfaces,  mensuration  of,  aj. 


I  Sorpliit  air,  in  the  combustion  of  coal,  770,  778.  794. 
I  Swaine  turbine,  943. 


Tan,  heat  of  combustion  of,  4';5. 

Tangential  water-wheels, — Girard's,  943. 

Teech  of  wheels.    See  TooUud  WhttU,  page  981. 

Temperature,  difference  of,  ascension  of  air  by,  897. 

Temperature  of  combustion,  407:  coal,  407,  408; 

coke,  408,  436;  wood,  444. 
Temperature,  influence  of,  on  the  strength  of  metallic 

wires, 

Temperature,  influence  of,  on  the  structure  of  steel, 
6t6. 

Temperatures,  standard,  134.  198. 

Temperatures,  high,  luminosity  at,  328. 

Tempered  or  hardened  steel,  tensile  strength  of, 

59^,  603,  603,  61  r 
Ttfisnle  strei)gth_oLbraM,  6«7.  6a8:  brass  tube,  6a7; 

brass  wire,  627,  629. 
Tensile  strength  of  bronze,  627,  fiA 
Tensile  and  compressive  strength  of  cast  iron: — Mr. 

Hodgkinsun's  experiments,        Dr.  Anderson's, 

555  ;  aflfccted  by  mass  of  metal,  555^  by  cold  blast 

and  hot  blast,  i^y,  by  reroelting,  556. 
Elastic  strength,  558, 
Tensile  strength  of  cnains,  677:— <tud-link  chaiD* 

cable,  678;  open-link  chauis.  67SI 
Tensile  sUengtb  of  copper,  6a6;  copper  wire,  6a8, 

629. 

TenMle  strength  of  alloys  of  copper,  626:— alloyed 
with  phosphorus,  626:  gun-metal,  626^  627 ;  alloys 
of  copper  and  tin.  alummium-bronze,  yellow  brass, 
brass  tube,  Muntz's  metal,  sterro- metal,  637;  phos- 
phor-bronze, bronze,  and  brass,  6a8;  brass  wire, 
629. 

Tensile  strength  of  gold  wire, 
Tensile  strength  of  gun-metal,  626,  627. 
Tetuile  strength  of  leather  belting,  673,  742:— Mr. 
Towne's  experiment,  679:  Messrs.  N orris  dc  Co.'s 
belting.   Spill's    raactrnvery    belting,  untanaed 
leather  belts,  india-rubber  belts,  680,  7 so. 
Tensile  strength  of  lead,  627. 
Tensile  strength  of  Muntz's  metal,  turf. 
Tensile  strength  of  palladium  wire,  6^ 
Tensile  strength  of  phosphor-bronze,  628.  639. 
Tensile  strength  of  platinum  wire,  628. 
Tensile  strength  of  plaster  of  Paris,  6a9,  630. 
Tensile  strength  of  rivet  joints,  633:— 

In  iron  plates,  633:--perforated  iron  pbtes,  633; 
experiments  on  rivci-joinis  by  Sir  Wm.  Fairbaim, 
633:  by  Mr.  Bertram,  634:  by  Mr.  J.  G.  Wright 
on  diagonal  joints,  637;  by  six.  L.  E.  Fletcher, 
638;  by  Messrs.  John  Elder      Co.,  638;  b>'  Mr. 


t)3»: 
flrui 


mTnel,  638;  shearing  strength  of  rivets,  640:  con- 
clusions on  the  strength  of  rivet-joints  m  iron 
plates,  640:  proportions  of  rivet-joints,  641. 

In  steel  plate*,  64a: — perforated  steel  plates, 
64a:  rivetted  joints.  642. 
Tensile  strength  of  ropes:  —  hemp   rope,  673- 
675;  influence  of  twist  and  of  moiatare  on  tae 
strength,  674:  American  hemp  rope,  676: 
wire  rope,  6^  67^:  American  iron-wire  rope,  1 
French  iron-wire  rope,  677.  steel-wire  rcipe,  074, 
675,  677;  cable  fencing  strands  and  solid  fencmg 
wire,  676. 

Tensile  strength  of  screwed  bolts  and  nuts,  tS>o: 
Mr.  Brunerk  experiment.s,  6S0;  working  stre^ 
68t,  684. 

Screwed  stay-bolts  and  flat  stayed  surfaces  of 
locomotive  boucrs,  685:  of  marine  boilers,  686; 
rules, 

Tensile  strength  of  silver  wire,  628. 

Tensile  strength  of  soft  solder,  627. 

Tensile  strength  of  steel:— Sir  Wm.  Fairbaim's  ex- 
periments on  steel  plates,  568:  Mr.  Kirkaldy's 
early  experiments  on  steel  ban,  593;  on  steel 
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pUtes,  594:  on  hardened  steel:  honatite  steel, 

595:  crauut  sKafu  of  Krupp  slcel,  595^ 

ExpcrimcnU  of  the  Steel  Committee,  !Sq6: — 

tables  of  results  for  tensile  strength,  firslseries,  5^8: 

second  scries,  601 ;  chemical  analysts  and  specDic 

gravity  of  the  steel  bars,  603. 

Tensile  strength  of  tempered  steel,  603. 
Fagersta  steel  hammered  bars,  604;  ingots  and 

hammered  bar>,  606:  hammered  and  rolled  bars.txj?; 

bars  reduced  by  hammering  and  by  roUiiig.  : 

J>iates  of  different  thicknesses,  608;  pbtes  of  dif- 
erent  forms.  608,  610:  plates  mth  drilled  holes 
and  punchea  holes,  6x0. 

Sicmens'-steel  plates  and  tyres: — plates  of  dif- 
ferent thicknessc^,  6t  ^;  hardened  plates,  613;  tyres. 


6x4. 


tworth's  fluid-compressed  sxeel,  614,  615. 
Steel  wire,  617.  620. 

Influence  of  constituent  carbon  on  tensile 
strength  of  steel, 

Resistance  of  steel  to  explosive  force,  622. 

Notched  specimeo,  comparative  strength  of, 

6aa. 

Tensile  strength  of  steel  wire,  617,  639. 
Tensile  strength  of  sterro-metal,  627. 
Tensile  strength  of  timber:    Mr.  Laslett,  538-540; 

5;  Mr. 


MM.  Chevandicr  and  Werthctm,  545, 


Laslett,  546:  calculated  ftxHn  Mr.  Laslett  s  experi- 
ments on  transverse  strength,  548:  and  from  Mr. 
Fincham's  experiments,  549;  calculated  for  tim- 
ber of  large  scantling,  549. 
Tensile  strength  of  tin,  627. 

Tensile  strength  of  wrought  iron: — Mr.  Telford's 
experiments,  567;  Mr.  Barlow's  experiments,  567 ; 
Sir  Wm.  Fairbaim's  experiments  on  plates  and 


iMtrs,  567:  influence  of  cold-rolling,  569;  Mr. 
Thomas  Lloyd's  experiments,  569;  su 
fracture  of  the  same  bars,  .s6q:  ban  of  different 


successive 


lengths,  570;  Mr.  Edwin  Clark  on  strength  of 
plates  and  bars,  570. 

Experiments  on  the  tensile  strength  and  elonga- 
tion of  wrought  iron  by  Mr.  KirkaTdy.  571 ;  speci- 
nien  bars,  S7i :  tensile  strength  and  elongation  of 
iron  bars,  571 ;  contraction  of  the  sectional  area 
of  fracture,  .S72;  strength  of  bars  as  affected  by 
the  diameter,  yi :  by  rolling,  by  turning,  by  forg- 
ing, by  reheatmg,  by  intense  cold,  573,  576;  by 
notching,  by  screwing,  57^ :  by  welding,  by  sua- 
den  stress,  stU  hartfeiihg,  by  case-nardeoing, 
576:  by  colcTrolIing,  527'  hammered  iron,  576; 
strength  as  affected  hy  additional  hammering,  576; 
by  removing  the  skin,  576. 

Tensile  strength  of  angle-iron,  ship-strap^  and 
beam  iron  (Mr.  Kirkaldy  ,  577. 

Tensile  strength  of  iron  plates  (Mr.  Kirkaldy), 
577;  fractured  sectional  area,  5,78;  strength  as 
affected  by  cold-rolling  and  by  galvaniring,  578. 

Specific  gravity  of  the  irons  tested  by  Mr. 
Kirkaldy,  578. 

Sir  Joseph  Whitworth's  experiments  on  best 
irons,  615. 

Expenments  by  the  Steel  Committee.  s8o;  speci- 
fic gravity  of  iron  tested,  do-v,  Swedi^h  hammered 
bars,  s8t :  Krupp  and  Yorkshire  plates,  entire, 
drilled,  and  punched,  583:  Prussian  plates,  586. 

Iron  wire,  586,  6a8.  639,  676. 
Tensile  strength  and  elongation  of  wrought  iron,  in- 
fluence of  various  treatment  on,  Mr.  Kirkaldy's 
experiments,  S7^^  -iron  bars,  rolling  down,  turning 
down,  forging,  reheating,  intense  cold,  573:  notch- 
ing, screwinjj,  574:  welding,  sudden  stress, 
frost,  hardening,  case-hardening,  576:  cotd-roll 
ing,  577- 

liammered  iron: — additional  hammering,  re- 
moving the  skin,  <i76. 

Iron  plates :  —  cold-rolling,  galvaaudng,  578: 
annealing,  583-586:  drilled  Itoles,  584;  puncEed 
holes,  584. 
Tensile  strength  of  tine,  627. 


Tensile  stress,  contraction  of  wrought  iron  under: — 
bars,  57a;  notched  bars,  574;  ptatee,  578:  wire, 
587, 

Test-bars  of  cast  iron,  564. 

Thermometers,  jt^:  equivalent  temperatures  by 
Fahrenheit,  Centigrade,  and  Reaumur  scales,  318: 
tables  of  equivalent  temperaturen  by  Fahrenheit 
and  Centigrade  scales,  ^19.  323:  air-  or  gas-ther- 
mometers, 335:  Rcgnault's.  326;  Mason's  wet  and 
dry  bulbs,  3Q4- 

Timber,  strength  ot^  sjt-  See  Strtttgtk  0f_  Tim' 
6er,  page  980. 

Timber  columns,  strength  of,  644,  646,  647. 

Tin,  tensile  strength  of,  627. 

Tin.  weight  of:— ubukted  weights,  at^-sai:  multi- 
plier for  the  weight  of  dn  bars,  plates,  &c. ,  aao: 
special  tables  of  the  weight  of  tin  olates  and 
pipes,  as?.  a68.  269.  See  /fV/>A/  Iron  and 
other  Metals,  page  983. 

Ton,  140:  iron-ton,  141;  equivalent  weight  in  French 
measure,  lSS,  iS7:  New  York  ton,  187;  Canadian 
ton,  187. 

Tools,  resistance  of,  951;  worlt  of,  ^52:  resistance  of 
wood-cutting  machines,  954:  gnndstones,  955. 

Toothed  wheels,  727:  speed,  727:  pitch,  728:  table  of 
multipliers  for  number  of  teeth  and  diameter,  729; 
table  of  diameters  of  toothed  wheels,  730;  form 
of  the  teeth  of  wheels,  731 ;  strength,  735;  work- 
in{(  strength,  736;  breadth,  737;  horse-power,  737; 
weight  of  toothed  wheels,  739. 

Torsional  deflection,  generarmvestigation  of,  536; 
round  shaft,  536;  square  shaft,  537;  hollow  shaft, 

^537- 

Torsional  strength  of  shafhi,  general  investigation 
of,  534;  solia  round  shafts,  534:  hollow  round 
shaus,-535 :  square  shafts,  535:  torsional  deflection 
of  roumLind  square  shafts,  536. 

Torsional  strength  and  deflection  of  cast  iron,  i^6s. 

Torsional  strength  and  deflection  of  round  shafting, 
758,  Z52i  7<^3. 

Tdf^tonal  strength  of  steel  bars,  595,  596,  600.  604; 
formulas,  619. 

Torsional  shearing  stress  and  deflection  of  steel 
bars,  formula,  620- 

Torsional  strength  and  deflection  of  wrought  iron: 
—Swedish  bar,  582:  formulas,  spo. 

Torsional  stress,  definition  of,  500. 

Traction  on  common  roads,  resistance  to,  961. 

Tramways,  street,  resistance  on,  966. 

Transverse  defleaion  of  homogeneous  beams  and 
girders: — general  investigation,  «>27:  beams  of 
rectanguUr  section,  529:  double-flanged  or  hollow 
rectaneubtr  beams,  530:  table  of  reuitive  deflec- 
tions of  beams,  variously  proportioned  and  loaded, 
S33. 

Transverse  strength  of  homogeneous  beams : — gen- 
eral investigations,  503;  symmetrical  solid  beams, 
so^:  formulas  for  rectangular  beams,  507 ;  gener- 
alized formula  for  solid  beams  (without  overhang) 
of  symmetrical  section,  ^09;  flanged  or  hollow 
beams  of  symmetrical  section,  510;  flanged  beams 
not  symmetrical  in  section,  513. 

Transverse  strength  and  deflection  of  ra^f  iron: — 
Mr.  Barlow's  experiments,  561 ;  Mr.  Edwin  Oark's 
data,  .s63:  Mr.  Hodgkinson's  data,  563;  test-bars, 

^^ransverse  deflection  and  elastic  strength,  564. 
Transverse  strength  of  flanged  beams : — cast  iron, 

647:  wrought  iron,  653. 
Transverse  deflection  of  shafts,  756.  See  Defleetum, 

page  974. 

Transverse  strength  and  deflection  of  steel : — bars, 

595,  596.  .S9q.  604:  formulas,  617-619;  railway 

i^Is,  661,  6(  5,  668. 
Transverse  strength  of  steel  springs,  fnx\  formulas 

and  rules  for  laminated  springs,  671;  for  helical 

springs,  672. 

Transverse  strength  and  deflection  of  railway  rails. 
661:  rails  of  symmetrical  section,  or  doublc-neaded 
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rails,  66t:  general  formula,  66a  :  Mr.  Price  Wil- 
liams' data,  influence  of  con»tituent  carbon 
on  the  strength,  664;  Mr.  J.  T.  Smith's  data,  665- 
Rails  of  unsymmetrical  section,  665:  general 
formula  and  rule,  steel  flange-rail  by  Mr. 
John  Fowler,  666;  Mr.  Kirkaidy's  test  of  Mr. 
Fowler's  rail,  667;  mfluence  of  holes  in  the  flanges, 
668;  wrought-iron  flange- rails, 

Deflection  of  rails,  668;  double-headed  rails, 
668;  formulas,  669;  flange  rails,  669;  formulas,  670. 
Transverse  strength  and  deflection  of  timber  :—Ex- 
Deriments  described  by  M.  Morin,  537 :  Mr. 
Laslett's  experiments,  S38-540;  Mr.  Fm^am's, 
S4?i  543;  Mr.  MaclureV~S?r  54ii  Mr.  Edwin 
Clarlrif343,  544:  Mr.  G.  Graham  Smith's, 

Mr.  Baiters,  544;  MM.  Chevandicr  and 
^ertheim's,  545;  Mr.  Barlow's,  547- 
Formulas  for  the  transverse  strength  and  de- 
flection of  timber  of  large  scantling,  550-553. 
Transverse  strength  and  deflection  of  wrought  iron: 
— hammered  iron  bar*  (Swedish;  58a,  589;  Mr. 
Barlow's  daU,  588;  Mr.  Edwin  Cl:ut^  data,  588; 
formulas,  589 ;  railway  rails,  661,  665. 

Transverse  deflection  and  elastic  strength: — 
data,  s9o:  formulas,  590:  railway  raiU,  668. 
Traversers,  rope-gearing  for  working,  2i5 
Trigonometry,  plane,  aii  tables,  103,  no. 
I'ubes,  weight  of,  a48.  ago,  266. 
Tubes,  wrought-iron,  strength  of,  69a,  695;  laise 

flue-tubes,  677. 
Tub  water-wheel,  939. 

Turbines,  940:  Foumeyron's,  Boyden's,  940;  rule* 
for  outward-flow  turbines,  041;  Fontame  &,  Jon- 
v.il'sj  North  Moor  Foundry^,  94a:  vortex  wheel, 
Swaine  turbine,  941- 

u 

Undershot  water-wheels:— with  radial  floats,  PoDce- 

let's,  oat- 
Units  of  neat,  mechanical  equivalents,  33a. 


Vapours.    See  Gojei  and  Vapourt,  page  975. 
Vapours  and  gases,  mixture  of,  223.  SecGojesa/ui 

t^a/ffurt,  page  975 
Vapours,  pressure  of,  at  ata*  F.,  370:  boiling-points 

at  various  pressures,  37  »• 
Vegetable  substances,  weight  and  specific  gravity 

of,  XLX 

Velocity,  definition  of,  877. 

Ventilation,  477.  Sice  armmg  and  ymtilatiom. 
Ventilators,  or  fans,  934.   See  A  ir  Machinery,  page 

221- 

Vortex  turbine,  q43i 

w 

Waggons  in  coal  pits,  resistance  of,  956. 

Warming  and  ventilation,  477 ;  ventilation,  477 ; 
ventilation  of  mines  by  heated  columns  of  air, 
479 ;  cooling  action  of  window  glass,  480 ;  heating 
rooms  by  liot-water.  481 :  heating  rooms  by 
steam,  486 ;  heating  by  ordinary  open  fires,  488 ; 
heating  by  hot-air  and  stoves,  488. 

NN'arren-girder,  strength  of,  699. 

N\'arrington  wire-gauge,  wx. 

N\'ashing  small  coal,  411. 

Waste-boards,  flow  of  water  over,  93a. 

Water,  ax  a  standard  for  weight  and  measure,  134:  — 
notable    temperatures,   weight    and  volume, 

e  gallon  and  other  measures  of  water,  rela- 
tive weighu  and  volumes  of  water,  la;. 

Pres-sure  of  a  column  of  water,  ufi. 

Compressibility  of  water,  126. 

Sea- water,  its  volume,  weight,  and  compost- 
tion, 


Ice  and  snow,  their  volume  and  weight,  i»y. 

French  and  English  measures  of  water,  \rj. 
Water,  expansion  of,  with  uble,  338-341;  specific 
„,»»eat  of.  353.  354-  ^ 

Water,  flow  of,  939.  See  FUrtv  of  Water,  page  974. 

Water,  hygroscopic,  in  coals,  416. 

Water,  machines  for  raising,  944:  reciprocating 
pumps,  944:  centrifugal  pumps,  946;  endless-chain 
pump,  947;  noria,  947;  water -works  pumping 
engines,  947;  hydraulic  rams,  948. 

Water-mill :— Barker's,  Whitelaw's,  939. 

Water-pipes,  cast-irun,  dimensions,  weight,  and 
strength  of,  9'^4. 

Water-tube  boiler,  trials  of,  771.  777. 

Water-wheels,  2^2  • — 

Wheeb  on  a  horizontal  axis,  937 ;  undershot, 
937:  Poncelet's,  23Zi  I  addle  water-wheel,  breast- 
wheel,  overshot- wheel,  938. 

Wheels  on  a  vertical  axis,  939;  tub-wheels, 
Whitelaw's  water-mill.  939;  turmnes.  outward- 
flow,  940:  downward-flow,  943;  inward-flow,  943. 
Tangential  wheels,  Girard  turbine,  943. 

Water-works  pumping  engines,  947. 

Wedge,  309:  work  done  with  it,  315. 

Wedgewood's  pyrometer,  337. 

Weight  and  specific  gravity,  198. 

Standard  temperatures,  rules  for  specific  gravity, 
comparative  weights  of  various  solids,  liquids,  and 
gases,  108. 

Specinc-  gravity  of  alloys  of  copper,  alloys 
having  a  greater  density  inan  the  mean,  alloys 
having  a  less  density  than  the  mean,  asxi.  See 
also  6j6.  637. 

Weight  and  specific  gravity  of  solid  bodies: — 
metals,  303.  578,  636,  637  ;  precious  stones,  203 ; 
stones,  304 ;  sundry  mineral  substances,  205 : 
coals,  306 ;  peat,  307  ;  fuel  in  France,  ao?  :  woods. 
Indian  woods,  colonial  woods,  ao8 :  wood-char- 
coal, all :  animal  substances,  vegetable  sub- 
st.inces,  aia. 

Weight  and  volume  of  various  substances,  by  Trcd- 

gold,  313 

Weight  and  volume  of  goods  carried  on  the  Bombay, 

Baroda,  and  Central  Indian  Railway,  ai3. 
Weight  and  specific  gravity  of  liquids,  aig. 

Weight  and  specific  gravity  of  gases  and  vapours, 

ai6. 

Weights  and  measures,  134. 

Water  as  a  standard  for  weight  and  measure, 

:a4  ;  air  as  a  standard,  137. 

Great  Briuin  and  Ireland,  imperial  weights  and 
measures,  i 

Measures  of  length,  129 ;  land  measure,  nautical 
measure,  cloth  measure,  130. 

Wire -gauges,  130;  Birmingham  wire -gauge 
(HoltzapnTers  i,  Birmingham  metal-gauge  or  plate- 
gauge  {HoluapfTel's}  for  sheet  metals,  brass,  gold, 
silver,  &c.,  rji  ;  Lancashire  gauge  [Holtzapffel's; 
for  round  steel  wire  and  for  pinion  wire,  needle- 
gauge,  music  wire-jeauge,  133  :  Warrington  wire- 
gauge  Rylaiids  Brothers;  Birmingham  wire- 
gauge  for  iron  sheets  chiefly  South  Stafford- 
shire', 133:  Sir  Joseph  Whitworth  &  Co.  "s  stxmd* 
ard  wire-gauge;  imperial  standard  wire-gauge. 

Inches,  their  equivalent  decimal  \-alues  in  parts 
of  a  foot,  fractional  parts  of  an  inch,  and  their 
decimal  equivalenu,  1  \s ;  sixteenths  and  thirty- 
seconds,  136. 

Measures  of  surface,  136 :  superficial  measure, 
136 ;  builders'  measurement,  land  measure,  137  ; 
decimal  paru  of  a  square  foot  in  square  inches, 
138. 

Measures  of  volume,  137;  solid  or  cube  measure, 
builders'  measurement,  137. 

Measures  of  capacity.  138 :  liquid  measure,  138  ; 
dry  measure,  .n.andard  bushel,  coal  measure,  old 
wine  and  spirit  measure,  i  ^9 :  old  ale  and  beer 
measure,  apothecaries'  fluid  measure,  140. 
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Measures  of  weight,  140 ;  avoirdupois  weight.  | 
140 ;  trov  weight,  aiamond  weight,  apothecaries 
weight,  old  apothecaries'  weight,  weight  of  current 
coins,  r^i ;  coal  weight,  sundry  bashel  measures, 
wool  weight,  hay  and  straw  weight,  com  and 
flour  weight,  143. 

Miscellaneous  tables,  143 :  drawing  papers, 
commercial  numbers  and  stationery,  measures 
relating  to  building,  14^  sundry  commercial 
measures,  measures  for  snips,  144- 

Compound  units,  comparison  of,  ha  measures 
of  velocity,  144 ;  volume  and  time,  pressure  and 
weight,  weight  and  volume,  jxjwcr,  145. 

France,  the  metric  standards  of  weights  and 
measures,  146:  countries  in  which  tney  are 
adopted,  147. 

Measures  of  length,  147 ;  old  measures,  147 ; 
French  wire-gauges,  148. 

Measures  of  surface,  land,  149. 

Measures  of  volume,  149 :  cubic  measure,  wood 
measure,  149. 

Measures  of  capacity,  ;  liquid  measure,  dry 
measure,  149. 

Measures  of  weight,  150. 

E<}uivalents  of  British  imperial  and  French 
metric  weights  and  measures,  150 : — length,  150  : 
millimetres  and  inches,  151 ;  inches  and  milli- 
metres,  1S2  :  surface,  153 :  cubic  measure,  154  ■ 
wood  measure,  154  ;  capacity,  154  ;  weight,  155. 

Approximate  equivalents  of  English  and  French 
measures,  156. 

Equivalents  of  French  and  English  compound 
units  of  measurement,  157  :  weight,  pressure,  and 
measure,  157 :  volume,  area,  length,  and  work, 
158  ;  heat,  speed,  money,  igg. 

German  Empire,  weights  and  measures,  160. 

Old  weights  and  measures  of  the  German  States, 
i6i :  German  fuss,  161 :  kingdom  of  Prussia,  162  : 
Bavaria,  164 ;  WQrtemberg,  i6s ;  Saxony,  166; 
Baden,  167  ;  Hanse  Towns,  Hamburg,  168  :  Bre- 
men, Lubec,  i6g  ;  German  Customs  Union,  169. 

Austrian  Empire,  170. 

Russia,  171. 

Holland,  Belgium,  173. 

Norway,  Denmark,  Sweden,  173. 

Switzerland,  i7S- 

Spain,  Portugal,  Italy,  Turkey,  Greece  and 
Ionian  Islands,  Malta,  176. 

^SyP^t  Morocco,  Tunis,  Arabia,  Cape  of  Good 
Hope,  179. 

Indian  Empire,  Bengal,  Madras,  Bombay, 
Ceylon,  iSo. 

Burmah,  China,  Cochin-China,  Persia,  Japan, 
Java,  1S3. 

United  States  of  America,  iSL 

British  North  America,  187. 

Mexico,  187. 

Central  America  and  West  Indies,  British  West 
Indies,  Cuba,  (luatcmala  and  Honduras,  British  I 
Honduras,  Costa  Kica,  St.  Domingo,  187. 

South  America: — Colombia,  Venezuela,  Ecua- 
dor, Guiana,  Brazil,  Peru,  Chili,  Bolivia,  Argen- 
tine Confederation,  Uruguay,  Paraguay,  188. 

Australasia,  189. 
Weight  of  iron  and  other  metals,  table  of,  217 : 
data  for  wrought  iron,  317,  318 :  data  for  steel, 
317 :  data  for  cast  iron,  ai7i  ai8 :  notice  of  the 
ubies, 

Table,  weight  of  given  volumes  of  metals,  aiQ. 

Table,  volume  of  given  weights  of  metals  for 
given  weights,  3x9. 

Table,  weight  of  i  square  foot  of  metak,  220. 

Table,  weight  of  metals  of  a  g^ven  sectional 
area,  per  lineal  foot  and  per  lineal  yard,  axL 

Rules  for  the  weight  of  wrought  iron,  cast  iron, 
and  steel,  aaa. 


Rule  for  the  length  of  one  hundredweight  of 
wire  of  different  metals  of  a  given  thickness,  334. 

Table,  weight  of  French  galvanized  iron  wire, 
225. 

Weight  of  wrought-iron  bars,  plates,  &c.,  special 
tables,  aa6  :  multipliers  for  other  metals,  22L. 

Table,  weight  of  flat  bar  iron,  a«7. 

Table,  weight  of  square  iron,  239. 

Table,  weight  of  round  iron,  240- 

Table,  weight  of  angle-iron  and  tee-iron,  248. 

Table,  weight  of  wrought-iron  plates,  243. 

Table,  weight  of  sheet  iron,  244- 

Table,  weight  of  black  and  galvanized  iron 
sheeu,  245. 

Table,  weight  of  hoop  iron,  346. 

Table,  weight  and  strength  of  Warrington  iron 
wire  (Rylands  Brothers),  347. 

Table,  weight  of  wrought-iron  tubes,  by  internal 
diameter,  248. 

Table,  weight  of  wrought-iron  tubes,  by  exter- 
nal diameter,  250. 
Weight  of  cast  iron,  steel,  copper,  brass,  tin,  lead, 
and  zinc, — special  tables,  asi. 

Table,  weight  of  cast-iron  cylinders,  by  internal 
diameter,  3^3. 

Table,  weight  of  cast-iron  cylinders,  by  external 
diameter,  255. 

Table,  volume  and  wei)j;ht  of  cast-iron  balls, 
for  given  diameters,  multipliers  for  other  metals, 
258. 

Table,  diameter  of  cast-iron  balls,  for  given 
weights,  258. 

Table,  weight  of  flat  bar  steel,  259. 

I'able,  weight  of  square  steel,  iftn 

Table,  weight  of  round  steel,  26bu 

Table,  weight  of  chisel  steel: — hexagonal, 
octagonal,  and  oval-flat,  gftt 

Table,  weight  of  one  square  foot  of  sheet 
copper,  2£a. 

Table,  weight  of  copper  pipes  and  cylinders, 
by  internal  diameter, 

Table,  weight  of  bnus  tubes,  by  external  dia- 
meter, 266. 

Table,  weight  of  one  square  foot  of  sheet 
brass,  268. 

Table,  uze  and  weight  of  tin  plates,  3f58. 

Table,  weight  of  tin  pipes,  369. 

Table,  weight  of  lead  pipes,  369. 

Table,  dimensions  and  weight  of  sheet  zinc,  270. 
Weight  of  belt  pulleys,  7  so. 
Weight  of  chains,  678,  679. 

Weight  and  bulk  of  coal: — British,  206,  414.  416; 

American,  418,  419:  French,  42a. 
Weight  and  bulk  of  coke,  ao6.  433;  of  lignite,  207: 

of  wood,  44a. 
Weight  of  ropes:— hemp,  624^  675:  iron,  6741  62Si 

677;  »te«l.  674,  62^  677. 
Weight  of  round  wrought-iron  shafting: — net  and 

jgross,  76r 

Weight  of  toothed  wheels:— spur,  739;  mortise,  74»t 

bevel  and  mitre,  741. 
Weight  of  pure  water,  124. 
Of  sea- water,  »a<^ 
Of  ice  and  snow,  137. 
Weirs,  flow  of  water  over,  933. 
Welded  joints  in  iron  plates,  tensile  strength  of,  634, 
63s 

Wheel  and  axle,  30^;  work  done  with  it,  314. 
Wheels,  toothed.         See  Tootktd  Wh/eU,^.  q8i, 
Whitclaw's  water-mill,  939. 

Whitworth's  standard  wire-gauge,  134;  bolts  and 

nuts,  682;  screwed  piping,  683. 
Williams'  system  of  smoke  prevention,  785. 
Wilson's  pyrometer,  337. 

Wire,  weight  of :— rule  for  the  length  of  one  cwt.  of 
wire  of  various  metals  of  a  given  thickness,  224; 
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taUe  of  the  weight  of  galvanized  iron  wire 

(French),  325:  table  of  the  weight  and  strength 

of  Warrington  iron  wire,  247- 
Wire,  tensile  strength  of : — iron,  247,  s86,  6a8.  699. 

676:  steel,  617.  629;  copper,  628^  629;  brass,  697, 

629:  phosphor-bronze,  629:  gold,  628:  stiver,  628: 

platinum,  628:  palladium,  6u&. 
Wire -gauges,   English,   130;  French,  148.  See 

IVetghts  amd  Measures,  page  982. 
Wire-ropes,  iron,  strength  and  weight  of,  674-677. 
Wire-ropes,  steel,  strength  and  weight  of,  674,  675, 

Wire-ropes  for  transmission  of  power,  by  M.  Him. 
754- 

Wire-drawing,  influence  of,  on  the  density  of  iTt>n 
wire,  247 

Woods,  weight  and  specific  gravity  of,  ao8;  Indian 
woods,  209;  colonial,  209. 

Wood,  439 : — classiftcation,  4^9  :  constituent  mois- 
ture, AVi'.  composition,  440,  441 :  weight  and  btilk. 
442:  quantity  of  air  consumed  in  combustion,  44 
gaseous  products  of  combustion,  442.:  heat  of  com 
Dustion,  4^;  temperature  of  combustion,  444;  dis- 
tillation of,  44g. 

Wood  measure,  French.  149. 

Wood,  strength  of.  See  Strength  0/  Timber,  page 
oSq, 

Wood- charcoal,  weight  and  specific  gimvity  of,  an. 

Wood-charcoal: — wood  for  making  it,  kax.  process 
of  carbonization,  444,  448:  yield  of  charcoal,  4^5. 
447,  448  :  comjjosition,  4^6^  447;  charbon  dc  Pans, 
449;  weight  and  bulk  of  charcoal,  450:  moisture. 
4Si:  air  coiuumcd  in  cumbu-stion,  452;  gascou.s 
products  of  combustion,  451;  heat  of  combustion, 

Woollen  milb,  machinery  of,  resistance  of,  959; 

horse-power  required,  960. 
Work,  definition  of,  312:  accumulated  work  in  solid 

bodies,  315.    See  Mechanical  Principles,  page 

,  or  labour,  718: — units  of  work,  718:  labour  oT 
men,  718:  labour  of  horses,  720:  work  of  aniinal> 
in  carrying  loads,  720:  work  absorbed  by  fHction. 

of  animals  in  carrying  loads,  720. 
Work  of  tools,  in  metal,  952. 

Work  that  may  be  done  for  one  turn  of  a  shaft  760, 
76a:  absorbed  by  friction,  763. 


Work  of  resiatance  of  material,  501. 

Work  of  dry  air  or  other  gas,  compreued  or  ex- 
panded, 898: —  general  formulas,  698:  work  of 
compression  of  air  at  constant  temperature, 
isothermaliy.  without  clearance,  8og:  wnih  clear- 
ance, 900:  work  of  expansion  of  atr  at  constant 
temperature,  900. 

Work  of  dry  air  in  a  non-conducting  cylinder, 
adiabatically,  901:  adiabatic  compression  of  a  gas, 
901 ,  uble  of  compression  or  expansion  of  air  with- 
out receiving  or  gi^nng  out  heat,  902:  work  ex- 

Gnded  in  compressing  dr)'  gas,  9^3,  901:  adia- 
tic  expansion  of  gases,  (x>4-<y>9:  ^aLlcloL corre- 
sponding  rauus  of  pressures  and  temperaturc&, 
when  air  is  admitted  for  the  whole  stroke,  908: 
table  of  comparative  final  temperatures  and  effici- 
encies of  air  expanded  adiabatically  and  air  ad- 
mitted for  the  whole  of  the  stroke,  908. 

EfHdency  of  compresied-air  engines,  909;  com- 
pression and  expansion  of  moist  au-,  912:  work  in 
expansion,  913:  temperature  in  expansion,  914. 

Wrought  iron,  strength  oC  s67»    See  Strtngik 

Wrought  Iron,  page  980. 
Wrought-iron  columns,  strength  of,  644.  645. 
Wrought-iron  flanged  beams,  transverse  strength 

of;  65^ 

Solid  wrought-iron  joists: — tables  of  dimensions, 
weight,  and  strength,  653,  654;  experiments  by 
Mr.  Kirkaldy,  655:  ruies  and  formulas,  6s6: 
elastic  strength  and  deflection,  formulas  and 
rules,  657. 

Rivetted  wrought-iron  joists,  657;  Mr.  Davies* 
experimenu,  658;  rules,  659. 
Wrought  iron,  riistance  of,  to  explosive  force,  6aa. 


Yard,  imperial  standard,  uS. 


Zinc,  weight  of:— tabubted  weights,  3i9-*at:  muki- 
plier  for  the  weight  of  zinc  bars,  plates,  &c.,  220: 
special  table  of^the  size  and  weight  of  sheet 
«nc,  270.  See  Weight  0/  Iron  and  other  MeteUs^ 
page  983. 

Zinc,  tensile  strength  of,  637. 
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ABBOT,  Gen'l  HENRY  L.  The  Defence  of  the  Sea- 
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ANDERSON,  WUililAM.  On  the  Conversion  of  Heat 
into  WoriE.  A  Pnotioal  Handbook  on  Heat-£ngineB.  TMrd  EdttUm 
nhutrated.   12mo,  ololh  12.25 

ANDES,  LOUIS.  Vegetable  Fats  and  Oils,  Their  Prac- 
tical Preparfttion,  Pnriflcatiou  and  Employment  for  variouB  Purposes. 
Their  Properties,  Adulteration  and  Examination,  A  Hand  Book  for 
Oil  MauufacturerB  and  Beiiuers,  Candle,  Soap  and  LubricAtiDK  Oil 
Mannfeotnien  and  tbe  Oil  and  FM  IndnstiT  in  general.  TnnButed 
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 Animal  Fats  and  Oils.  Their  Practical  Produo- 

ion,  Pnrification  and  Uses  for  a  great  variety  oi  inirposes,  their 
Properties,  Falsification  and  Examination.  A  Hand  Book  for  Manu- 
facturers of  Oil  and  Fat  Products,  Soap  and  Caudle  Makers,  Agiicul- 
tnriats,  T^era,  ete.  Translated  by  Oharles  Salter.  With  62  illna- 
trations.   Srd,  doth.    net,  $4.00 

ABNOIiD,  Dr.  H.  Ammonia  and  Ammonium  Com- 
pounds. A  Practical  Manual  for  Manufacturers,  Chemists,  Gas  En- 
gineers and  Drysalt^rs.     ^'econcl  Edition,    12mo,  cloth  $2.00 

ABNOIiD,  E.    Armature  Windings  of  Direct  Current 

Dynamos.  ExtoiiHinn  and  Application  of  a  General  Winding  Rule. 
Translated  from  the  original  German  by  Francis  B.  DeGress,  M.  £. 
With  nnmerons  iUnstrationa.    {In  Fress. ) 

ATKINSON,  PHILIP.  The  Elements  of  Electric  Light- 
ing, inelnding  Electric  Gkneifttlon,  Meaaurement,  Stiurage,  and  Die- 
tribution.  Ninth  Edition,  Folly  rerised  and  new  matter  added. 
lUostrated.   12mo,  cloth  ,  $1.50 

 The  Elements  of  Dynamic  Electricity  and  Mag- 
netism.   Third  Edition,    120  Olustrations.    12mo,  cloth  $2.00 

 Power  Transmitted  by  Electricity  and  its  Appli- 
cation by  the  Electric  Motor,  including  Eloctrio  Railway  Construc- 
tion.   Illustrated.    12mo,  cloth.    S'rnndid'^ion  rtvistd',  $2.00 

 Elements  of  Static  Electricity,  with  full  description 

of  the  Uoltz  and  Topltr  Machines,  and  their  mode  of  operating, 
niustrated.    12mo,  cloth  81. 50 

AUCHINCLOSS,  W.  S.   Link   and   Valve  Motions 

Simp li  tied.  Illustrated  with  29  woodcuts  und  20  lithographic  plates, 
together  with  a  Travel  Scale,  and  numeroos  useful  tablM.  Thirteenth 

Edition,  rrviftrd.     Svo,  cloth  $2.00 

AXON,  W.  E.  A.    The  Mechanic's  Friend.    A  Collection 

of  Receipt.**  and  Practical  Sn^'j^estions  relating  to  Aquaria.  Bronzing, 
Cements,  Drawing,  Dyes,  Electricity,  Gilding,  Glass-working,  Glues, 
Horology,  Lacciuers,  Locomotives,  Magnetism,  Metal-working,  Mod- 
elling, Photography,  Pyrotechny,  Railways,  Solders,  Steam-Eogine, 
Telegraphy,  Tiixidermy,  YaruiHhes,  Waterproofing,  and  ^riHeellaneous 
Tools,  lubtrumeuts,  Machines,  and  Processes  comiected  with  the 
Chemical  and  Mechanic  Arts.  With  numerous  diagrams  aud  woodcuts. 
Fancy  doth.  $1.60 
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BAOONy  F.  W.    A  TreatUe  on  the  Bidhards  Steun- 

Emi^e  IhcUottor,  inHh  directions  for  ite  nae.  By  Charles  T.  Porte  r. 
Revised,  with  iiotos  and  larj?e  additions  as  developed  by  American 
practice ;  vitli  an  appendix  containing  useful  formula  and  rules  for 
engpineers.   IllastratecL   Fourth  Edition,    12mo,  oloth  $1.00 

BADT,  F.  B.     New  Dynamo  Tenders  Hand-Book. 

With  140  illnstrations.    1 8mo,  cloth  $1. 00 

 Bell  Hangers'  Hand-Book.  With  97  illustrations. 

S^4sond  Edition.     18mo,  cloth  $1.00 

 Incandescent  Wiring  Hand-Book.   With  35  illus- 
trations and  five  tables.    Fifth  Edition     18mo,  cloth  81.00 

 Electric  Transmission  Hand-Book.    With  22  II- 


Instrations  and  27  Tables.   18mo,  cloth   §1.00 

BAXCH,  COL.  GEO.  T. ,  Methods  of  Teaching  Patriot- 
ism in  the  Public  Schools.  'Svo,  cloth  gl .  00 

BAIjE,  M.  p.  Pumps  and  Pumping.  A  Hand  Book  for 
Pump  Users.    12mo,  cloth  SI. 00 

BAKE  A.  J.   The  Use  of  Steel  for  Constructive  Purposes. 

MethcKi  of  Workinjg,  Applying,  and  Testing  Plates  and  Bars.  With  a 
Prefaoe  by  A.  L.  HoUey,  G.E.   ISmo,  doth  fl.SO 

BARKER,  ARTHUR  H.  Graphic  Methods  of  Engine 
Deeign.  Inolading  a  Qraphieal  l^naftment  of  the  Balaneing  tA 
Enginefl.   12iiio,  cloth  fl.60 

BABNABD,  F.  A.  P.  Report  on  Machinery  and  Pro- 
cesses of  the  lodastrial  Arts  and  Apparatus  of  the  Exat;t  Sciences  at 
the  Pans  Universal  Expoaition,  1867.    152  illusiratiouB  and  8  folding 

plaU^H.    8v..,  cloth  8.J.00 

BARN  ARB,  JOHN  H.  The  Naval  Militiaman's  Guide. 

Full  Icatlier,  p.ick.  t  form  $1.25 

BARWISE,  SIDNEY,  M.  D.,  London.  The  Purifica- 
tion of  Sewage.  Being  a  brief  account  of  the  Scientific  Principles  of 
Sewage  Purification  and  their  Practical  Application.  12mo,  cloth. 
lUualrated  $2.00 

BAX7HEISTER,  R.     The  Cleaning  and  Sewerage  of 

CiticH.  Adaj^tcd  from  tlic  German  \vitli  pfrmissioii  of  tli*^  author. 
By  J.  M.  Goodell,  C.  E.  iSrrond  tdidofi,  r*  l  isi  d  and  <  ()rrei-f^d, 
tog*  tin  r  in  'tth  (til  addif  if»t<d  (ij)pf  hdi.v.  .Hvo,  cloth.  Illustrated    $2  00 

BEAUMONT,   ROBERT.     Color  in  Woven  Design. 

With  32  colored  I'lates  and  numerous  origiual  illubtiations.  Large, 
12mo  »  fT.SO 

BECKWITH,  ARTHUR.    Pottery.    ObeervationB  on 

the  Materials  and  I!i(bnnfactiire  of  Terra-Cotta.  Stoneware,  Fire-Brick, 
Pin-celaiii,  Eartlien ware,  Brick,  Majoiica,  and  EuoauBtio  Tilee.  8to, 
paper.     /6Vco/i(/  Edition.  60 
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BEBNTHSEN,  A.   A  Text-Book  of  Organic  Chemistry. 

Translated  by  George  M'Gowan,  PI1.D.  Third  English  Edition. 
Beviaed  ftod  extended  by  author  and  translator.  Hlostrated.  12mo, 
doth  i2.60 

BEBTIN,  L.  E.    Marine  Boilere :  Their  ConstruGtion 

and  Working,  dealing  more  especiallj  with  Tubulous  Boilers.  Trans- 
lated by  Leslie  S.  RobertBon,  Assoc.  *M.  lust.,  C.  E.,  M.  I.  Meoli.  E., 
M.  I.  N.  A.,  coiitainiiif^  upward  of  *250  illuHtrations.  Preface  by  Sir 
William  White,  K.  C.  B.,  E.  li.  S.,  Director  of  Naval  Construction  to 
the  Admiralty,  and  aanatanl  Controller  of  the  Nayy.  8to,  olotb. 
nioatrated.   487  pp  $7.60 

BIGK3H9,  C.  H.  W.     First  FrlnoipleB  of  Electrical 

Engineering.  Being  an  attempt  to  provide  an  Elementary  Book  for 
those  intending  to  enter  the  profeasion  of  Electrical  £ngineering. 

S«  <  o/i(l  t  flifht)).     12m<x,  clc^tli.    Illustrated  $2.00 

BLAKE,  W.  P.     Report  upon  the  Precious  Metals. 

Being  iSUitisticul  Notices  oi  the  principal  Gold  and  Silver  producing 
regions  of  the  world,  represented  at  the  Pazia  Universal  Expoeiticm* 
8vo,  doth  S8.00 

—  Ceramic  Art.     A  Beport  on  Pottery,  Porcelain, 

Tiles,  Terra-Ootta»  and  Biiok.    Svo,  doth  $2.00 

BLABIESLET,  T.  H.  Alternating  Currents  of  Elec- 
tricity.  For  the  use  of  Stodenta  and  Engineers.    Third  Edition,  en- 

fan/rd.    12mo,  cloth  S1.50 

BLYTH,  A.  WYNTER,  M.R.C.S.,  F.C.S.    Foods:  their 

Composition  and  Amdysis.  A  Manual  for  the  use  of  Analytical  Chemists, 
with  au  lutroductory  Essay  on  tlie  History  of  Adulterations,  with  nu- 
merous lablee  and  illustrations.  Fourth  Edition,  revised  and  eii- 
larged,  8vo,  doth  $7.50 

 Poisons:  their  Effects  and  Detection.  A  Manual  for 

theuse  of  Analytical  Chemists  and  Experts,  with  an  Introdnotoiy  Essay 
on  the  prrowth  of  Modem  Toxicology.     Third  Editifm,  revieed  and 

f  u((ii';i(  i(.     8vo,  eloth  '.  S7.50 

BODMER,  G.  R.  Hydraulic  Motors;  Turbines  and 
Pressure  Engines,  for  the  use  of  Eugineeis,  Manufacturers,  and 
StadMits.  Second  Edition,  revised  and  enlarged.  With  204  illus- 
trations.   12nio,  doth  W&M  j 

BOHjEAXJ,  j.  T.   a  New  and  Complete  Set  of  Trav-  I 

erse  Tables,  Showing  the  Difference  of  Latitude  and  Departure  of  every  ' 
minute  of  the  Quadrant  and  to  Ave  places  of  decimals.  8vo,  doth.$6.00  < 

BOTTONE,  S.  R.    Electrical  Instrument  Making  for  i 

Amateurs.     A  Practical  Handbook.    With  48  illustrations.    Fifth  \ 

Ju/ Ih'nii,  rt  vi'mkI.     12mo,  elotli  50  ' 

  Electric  Bells,  and  all  about  them.    A  Practical  * 

Book  for  Practical  Men.    With  more  than  IIMJ  illustratious,  12mo, 
cloth.     Fourth  J-Jfittifju,  rt  viMf  d  and  tnlarycd  60  1 
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BOTTONE,  S.  B.    The  Dynamo :  How  Made  and  How 
Uaed.  A  Book  for  Amateon.  JSighth  Edition.  12mo»  doth. .  .9L00 

 Electro  Motan :  How  Made  and  How  Ueed.  A 

Hand  Book  for  Amsteiun  and  Praetieal  Men.  Second  Edition. 
HSbaao,  elofch  60 

BONIIjBT.  G.  E.  The  Eleetro-Platers*  Hand  Book. 

A  Manual  for  Amateurs  and  Young  Stndenta  on  Eleotro-Metallurgr. 
60  rUustiations.   12mo^  cloUi  9£M 

BOW,  B.  H.  A  Treatifle  on  Bracing.  With  its  ai)plioa- 

tum  to  Bridges  and  other  Stmotures  of  Wood  or  Iron.  156  illuHtra- 
tions.  8vo,  oloth.  $1.50 

BOWSBB,  Prof.  E.  A.    An  Elementary  Treatise  on 

Analytic  Geometry.  Embracing  Plane  Qeometrj,  and  an  Intro- 
duction to  Qeometey  of  three  Dimennons.  12mo,  cloth.  Nineteenth 
Edition  81.75 

 An  Elementary  Treatise  on  the  Differential  and 

Integral  Gaiculos.  With  numerous  examples.  12mo,  cloth.  «S'/.''- 
temth  Edition  82.25 

  An  Elementary  Treatise  on  Analytic  Mechanics. 

With  numerous  examples.    12mo,  cloth.    2\i'cij'(h  J-yiifion  $13.00 

  An  Elementary  Treatise  on  Hydro-Mechanics. 

With  numeroufl  examples.    12mo,  doth.    Fifth  Edition.  |^i.50 

 A  Treatise  on  Roofs  and  Bridges.  With  Numerous 

Exercises^  Especially  adapted  for  school  nse.  12mo,  doth.  Illus- 
trated net  32.25 

 Academic  Algebra.    Third  JSdUion.    12mo,  doth...$1.25 

 College  Algebra.   lourth  E'.litio)i.   121110,  cloth  $1.76 

 Elements  of  Plane  and  Solid  Geometry.  12mo. 

doth.   JHecond  Edition  ^.40 

BOWIE,  AUG.  J.,  Jim.,  M.  E.  A  Practical  Treatise  on 

Hydraulic  Mining  in  Calif oniin.  With  Description  of  the  Use  and 
Construction  of  Ditches,  Flumes,  Wrought-iron  Pipes  aud  Dams ; 
Flow  of  Water  on  Heavy  Grades,  and  its  Applicability,  under  High 
Fteasnre,  to  Mining.  Fifth  Edition,  Small  quarto,  doth.  Blna- 
trated  /....V!  $5.00 

BUKGH,  N.  P.   Modem  Marine  Engineering,  applied 
to  Paddle  and  Screw  Propulsion.   Consisting  of  86  colored  plates,  269 

practical  woodcut  illustrations,  and  408  pages  of  descriptive  matter. 
The  whole  l)eiiig  an  exposition  of  the  present  practice  of  James  Watt 
&  Co.,  J.  &  G.  Kenuie,      Napier  k  Sons,  and  other  celebrated  iirms. 

TUdi  qwurto,  half  morocco  tl0.00 
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BUKT,  W.  A.  Key  to  the  Solar  Compass,  and  Survey- 
or's Companion.  Comprising  all  the  rules  necessarr  for  use  iu  the 
field  ;  also  description  of  the  Linear  Surveys  and  Pnbuc  Land  System 

of  the  United  States,  Notes  on  the  Barometer,  Suggestions  for  an  Out- 
fit for  a  Survey  of  Four  Months,  etc.  Fifth  Edition.  Pocket-book 
form,  tuck  $2.50 

CALDWELL,  G.  C,  and  A.  A.  BRENEMAN.  Manual 

of  lutrcxhictory  Chemical  Pnictice.  Fur  the  use  of  Students 
iu  Colleges  and  Normal  and  High  Schools.  Fourth  Edition  revised 
and  corrected.    8to,  doth.    IllaBtrated.  $1.60 

OAMPIN,  FRANCIS.    On  the  Construction  of  Iron 

Koofs.  A  Theoretical  aud  Practical  Treatise,  with  wood-cuts  and 
Plates  of  Boofs  recently  executed.    8vo,  eloth  $3.00 

CARTER,  E.  T.  Motive  Power  and  Gearing  for  Elec- 
trical Machinery.  A  Treatise  on  the  Theory  and  Practice  of  the 
Mechanical  Equipment  of  Power  Stations  for  Meotrio  supply  nud  for 
Electric  TraotioD.   8vo,  doth,  niustrated  $5.00 

CHAMBER'S  MATHEMATICAL  TABLES,  consist- 
ing of  logarithms  of  Numbers  1  to  108,0<K),  Trigonometrical,  Nantical 
and  other  tables.   New  Edition,    8to,  doth  $1.76 

CHAUVENET,  Prof.  W.  New  Method  of  Correcting 
Lunar  Distances,  snd  Lnproved  Method  of  Finding  the  Error  and 
Bate  of  a  Ohronometer,  by  Equal  Altitudes.   8vo,  doth  $2  00 

CHRISTIE.  W.  WALLACE.  Chimney  Design  and 
Theoiy.  A  Book  lor  Engineers  and  Aichiteots,  with  nnmerons  half- 
tone illnstrations  and  plates  of  famous  chimneys.   12mo,  doth .  .$8.00 

CHURCH,  JOHN  A.   Notes  of  a  Metallurgical  Journey 

iu  Europe.     8vo,  elotli  S2.00 

CLARK,  D.  KINNEAR,  C.E.    A  Manual  of  Rules, 

Tables  Hiid  Dnta  for  M^^clianical  Engiiieors.  Based  on  tlie  mo8t  recent 
iuTeetigiitious.    Illustrated  with  uumeruuu  diiLgrams.     1,012  pages. 

8vo,  doth.   Sixth  Edition,  $5.00 

BaU  morocco  $7.60 

 Fuel;  its  Combustion  and  Economy,  consisting  of 

abridgemente  of  Treatise  on  the  Combustion  of  Coal.     By  C.  W. 

William B ;  aud  the  Economy  of  Fn«'l,  by  T.  B.  Prideaux.  With 
extensive  atlilitionH  in  icccnt  practice  in  the  Combustion  and  Economy 
of  Fuel,  Coal,  Coke,  Wootl.  Peat,  Petroleum,  etc.  Fourth  Edition. 
12mo,  cloth  $1.S0 

 The   Mechanical    Engineer's    Pocket    Book  of 

Tables,  Formulte,  Rules  and  Data.  A  Haudy  Book  of  Keference 
for  Daily  Use  in  Engineering  Practice.  16mo,  morocco.  Second 
Edition  $8.00 
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OLABK,  D.  KINNEAB.  C.  B.  Tramways,  their  Con- 

strnction  and  Working,  emoracing  n  comprehenBive  history  of  the 
system,  with  accouuts  of  the  various  modes  of  traction,  a  description 
of  the  Tarieties  of  rolling  stock,  and  ample  details  of  Cost  and  Work- 
ing Exprnaes.  Seeontt  Bdition,  Be-written  and  areatly  enlarged, 
with  upwards  qf 400  iUustratUms,  Thick  8vo,  doth  1^  00 

The  Steam  Engine.    A  Treatise  on  Steam  En- 


gui€8  and  Boilen;  oomprising  the  Principles  and  Practioe  of  the 
I  Combnstion  of  Fael,  the  Eoonomical  Generation  of  Steam,  the  Con- 

!  Btrnction  of  Steam  Bf»ilor«,  and  tlie  Principles,  Coustruction  and 

Performance  of  Steam  Engines,  Stationary,  Portable,  Locomotive  and 
.  Marine,  exemplified  in  Engines  and  Boilers  of  recent  date.  lUus- 

I         trated  by  above  1,300  figures  in  the  text,  and  a  series  of  folding  plates 

drawn  to  scale.    2  vols.    8vo,  doth  $16.00 

I 

.    CLARK,  JACOB  M.     A  new  System  of  Laying  Out 
Bailwaj  Tmn-onts  instantly,  by  inspection        tables.   12mo,  leath- 
j         erette  $1.00 

j    OLAUSEN-THUE,  W.    The  ABC  Universal  Com- 
mercial Electric  Telegraphic  Code ;  specially  adapted  for  the  use  of 
I         FInandera,  Merohants,  Ship-owners,  Brokers,  Agent,  etc.  Fourth 
I         £diHon.   8to,  doth  $6.00 

1    The  Al  Universal  Commercial   Electric  Tele- 

I  graphic  Code.  Over  1240  pp.,  and  nearly  90,000  variations.  8vo, 
I         doth  $7.60 

CLEEMANN,  THOS.  M.  The  Railroad  Engineer's 
Practioe.    Bein^  a  Short  but  Complete  Description  of  the  Dnties  of 

the  Young  Engineer  in  the  Prelimary  and  Location  Surveys  and  in 
Construction.   4th  ed. ,  revised  and  enlarged.  Ill  us.  12mo,  cloth  $1.50 

OTJB'B.K,  DXTGAIiB.  Autocars  or  Horseless  Vehioles. 

I         About  800  pp. ,  60  illnstrations  (In  Press, ) 

!    CLEVENGER,  S.  R.    A  Treatise  on  the  Method  of 

Grovernment  Surveviug  as  prescribed  by  the  U.  S.  Congress  and 
Commissioner  of  the  General  Land  Office,  wiUi  complete  Mathe- 
matical, AHtronomical  and  Practical  Instznctious  for  the  nse  of  the 
United  States  Surveyors  in  the  field.   16mo,  morocoo  $2.60 

COFFIN,  Prof.  J.  H.  C.  Navigation  and  Nautical  As- 
tronomy. Prepared  for  tiie  use  of  the  U.  S.  Naval  Academy.  Nvw 
cdifiuii.  Revised  by  Commander  Charles  Belknap.  62  wooilcut  illus- 
trations.   12mo,  cloth  mt,  $3.50 

COLE,  R.  S.,  M.  A.  A  Treatise  on  Photographic  Optics. 
Being  an  account  of  the  Prindples  of  Optics,  so  far  as  they  a|)ply  to 
Photography.  12mo,  cloth.  103 illnstrationsand  folding  plates. $2.60 
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COLLINS,  JAS.  E.  The  private  Book  of  Useful  AlloyB 
and  Memoranda  for  Gk>ld8uuthB,  Jewelers,  etc.   18mo,  cloth  50 

CORNWALL,  prof.  H.  B.  Manual  of  Blow-pipe  An- 
alysis, Qualitatiye  and  QoantitatiTe.  Witli  »  Oomplale  Bjrtem  of 
I>eeariptiTe  Minenlogj.  8vo^  doth,  ivith  many  iUnBoatioiuB, . .  .$2.60  | 

CRAIG,  B.  F.  Weights  and  Measxxres.  An  account  of 
the  Decimal  byati  ni,  with  Tables  of  Conversion  for  Commercial  and 
Scientifle  Vwm,  iSquare  93mo,  limp  doth  60 

CROCKER,  F.  B.   Electric  liighting.   A  Practical  Ex])08i- 

tion  of  the  Art,  for  use  of  Eugineers,  Students,  and  others  interested  | 

in  the  Installation  or  Operation  of  Electrical  Plants.     Srroud  J\di-  i 

fioHf  reviaed.    8vo,  cloth.    Vol.1.    The  Generating  Plant.  .    ^.00  1 

Vol.2  {Inl*re»8.) 


OBOOKEB,  F.  B.,  and  S.  S.  WHEELER.  The  Practical 

Management  of  Bynamos  and  Motors.  Fourth  Edition,  {rUjhfh 
thousand)  revised  and  enlarged.  With  a  special  (diapter  by  H.  A. 
Foster.    12mo,  cloth,  illustrated  ij^l.OO 


DA  VIES,  E.  H.     Machinery  for  Metalliferous  Mines* 
'  A  Practical  Treatise  for  Mining  Engineerb,  Metallurgittt^  and  Manu 
faeknren.   With  upwards  of  800  illnstrations.   8to,  eloth  $5.00 

DAVIS,  JOHN  W.,  C.E.    Formulae  for  the  Calculatloil 

of  Rail  Road  Excavation  and  Embaukiiu  iit,  and  for  ^"^B"g  Ayerage 
HauL    Second  Editioiu    Octavo,  half  roan  $L50 

DAY,  CHARLES.    The  Indicator  and  its  Diasrams. 

With  Chapters  on  Engine  and  Boiler  Testing ;  Ineltiding  a  Table  of 
Piston  Constanta  oompiled  by  W.  H.  Fowler.  l*2mo,  doth.  125 
illnstrations  $2.00 

DERR,  W.  L.    Block  Signal  Operation.   A  Practical 

Manual.    Oblong,  cloth  31*«>0 

DIXON,  D.  B.  The  Machinist's  and  Steam  Engineer's 
Fraotical  Galcnlator.  A  Compilation  of  Usefnl  Rulee  and  FkoUema 
arithinetioally  solved,  togetlier  \\  \\\\  General  Information  applioible 
to  Shop-Tools,  Mill-Gearinp,  I'nlk  vs  aii<l  Shaft*.  Steam-Boilers  and 
Engines.  Embracing  valuable  Tables  and  Instruction  in  Screw-cutting, 
YalVe  and  link  Motion,  ete.   lOmo,  ftill  moroooo,  podrot  lotnn.  .$li25 


I 


CXJMMING,  LINNJBSirS,  M.  A.    Electricity  treated  \ 

E]q>erimentaUv.  For  the  use  of  Sdioola  and  Students.  New  Edi- 
tion. 12mo,  cloth.  91*50 
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DODD,  GEO.    Dictionary  of  ManufactoxeOy  lEining, 

Bfacliinery,  and  the  ludastiial  Arts.    12mo,  cloth  §1.50 

DORR,  B.  F.   The  Surveyor's  Guide  and  Podket  Table 

Book.    18mo,  morocco  flaps.    Third  Edition  $2.00 

DRAPER,  C.  H.  An  Elementary  Text  Book  of  Light, 
Heat  and  Bound,  witli  Nomeioas  Examples.  Fourth  edition,  12mo, 
cloth.    Illustrated  81.00 

DRAPER,  C.  H.   Heat  and  the  Principles  of  Thermo- 

Dynamics.  With  many  illustrations  and  numerical  examples.  12iii0» 
doth  iLW 

DUBOIS,  A.  J.  The  New  Method  of  Graphic  Statics. 

With  60  illiiBtrataoiiB.   9fo,  cloth. . . . :  $1.50 

BDD7,  Prof.  H.  T.    Researches  in  Graphical  Statics. 

Embracinf?  New  CouHtructionB  in  Graphical  Sbitics,  a  New  Geueral 
Method  in  Graphical  Statics,  and  the  Theory  of  Internal  Stress  in 
Graphical  Statics.    8vo,  cloth  $1.60 

 Maximum    Stresses  under  Concentrated  Loads. 

Treated  gnqfthioally.  mostnted.  8vo,  dloth  $1.60 

EISSLEB,  M.  The  Hetalinrgy  of  Gold:  a  Practical 

Treatise  on  the  Metallurgical  Treatment  of  Gold-Bearing  Ores,  in- 
cluding the  Processes  of  Concentration  and  Chloriuation,  and  the 
Assaying,  Melting  and  Refining  of  Gold.  Fourth  Edition,  revised 
and  f/reafh/ enlarr/rd.    187  illustrations.    12mo,  eloih  $6.00 

 The  Metallurgy  of  Silver  j  a  Practical  Treatise  on 

the  Amalgamation,  Koaating  and  Idzivation  of  Silver  Ores,  including 
the  Assaying,  Melting  and  Keflning  of  Silver  Bullion.  124  illustra- 
tions.   Sicftud  lyiifitm^  (}ilar;ii<1,    12mo,  clotli  $4.00 

  The  Metallurgy  of  Argentiferous  Lead ;  a  Practical 

Treatise  on  the  Smelting  of  Silver-Lead  Ores  and  the  Refining  of 
'  Lead  Bullion.    Indnding  Reports  on  YariociB  Smeltiiig  Eatablish- 
menta  and  DeaoriptionB  of  Modem  Smelting  Furnaoes  and  Plants  in 
Europe  amd  Amenoa.  With  188  iUnstrationB.  8to,  ol  $5.00 

 Oyanide  Process  for  the  Extraction  of  Gold  and  its 

Practical  Application  on  the  Witwatersrand  Gold  Fields  in  South 
Africa.  *SV  cond  edition  enlarged.  8vo,  cloth.  Illustrations  and 
folding  plates  $8.00 

 A  Hand-book  on  Modem  Explosives,  being  a  Prac- 

tioal  Treatise  on  the  MannfMstore  and  nae  of  Dynamite*  Gnin  Ck>tton, 
Kitro-Gljceriuo  and  other  Exploeive  Componnda,  indnding  the  man- 
ufacture of  Collodion-cotton,  with  chapters  on  explosives  in  practical 
application.  6'tcotid  Edition^  enlarged  with  150  illustratiom. 
12mo,  cloth  $6.00 

ELIOT,  C.  W..  and  STORER,  F.  H.  A  Compendious 
Maniud  of  QnalitaliTe  Ohemieal  Analysis.  Revised  with  the  co-oper- 
ation of  the  authors,  by  Prof.  William  R.  Nichols.  Illustrated. 
Twentieth  Edition^  newly  revised  by  Prqf,  W.  E*  Lindmt/. 
12mo,  cloth  net  $1.25 
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EXiIilOT,  Maj.  GEO.  H.  European  Light-House  Sys- 
tems. Being  a  Report  of  a  Tour  of  IuBpectiou  made  in  1873.  51 
engrayiDgs  and  21  woodoots.  8vo,  doth  96l00 

ELLISON,  LEWIS  M.  Practical  AppUcation  of  the 
Indiofttor.  With  xeferanoe  to  the  A4jiutoient  of  Valve  Gear  on  all 
Btvles  of  EngineB^    Second  Edition,  revised.    8to,  doth,  100  illns- 

tratiuus  $2.00 

EVEKETT,  J.  D.   Elementary  Text-Book  of  Physics. 

niustrfttod.    Srrfnfh  Edition.    12rao,  cloth  $1.50 

EWINQ,  Prof.  A.  J.    The  Magrnetic  Induction  in  Iron 

and  other  metals.    159  illustrations.    8vo,  cloth  $4  ()0 

PANNING,  J.  T.    A  Practical  Treatise  on  Hydraulic 

and  Wat^T-Supply  Enprineering.  Relating  to  the  Hydrology,  Hytlro- 
djuamics,  aud  Practical  Construction  of  Water-Works  in  North 
Ameiioa.  180  illnstratioiuk  8vo,  doth.  JFburtemth  Edition,  re- 
vieed,  eniarged,  and  new  tables  and  illustrations  added.  660 
pages.  $5.00 

FISH,  J.  C.  L.  Lettering  of  Working  Drawings.  Tliir- 
teen  platee,  with  descriptive  text   Oblong,  9x12^,  boards. . . .  .$LQO 

FISKB,  Lieut.  BRADLEY  A.,  U.S.N.  Electricity  in 
Theory  rmd  Pnictiee ;  or,  The  £lemeuts  of  Eleotriosl  £Dgineering. 

Hifihh,  i:,lifion.    8vo,  cloth   82.60 

FISHER,  H.  K.  C.  and  DARBY,  W.  G.  Students' 

Guide  to  Submarine  Cfible  Testing.    8vo,  cloth.  $2.50 

FISHER,  W.  O.    The  Potentiometer  and  its  Adjuncts. 

svo,  cloth  $2.26 

FLEISCHMANN,  W.  The  Book  of  the  Dairy.  A  Man- 
ual of  the  Science  and  rractice  of  Dairy  Work.  Translated  from  the 
German,  by  C.  M.  Aikman  and  K.  Patrick  Wright.    8vo,  cloth... $4. 00 

FLEMING,  Prof  J.  A.  The  Alternate  Current  Trans- 
former in  Theory  and  Practice.  Vol.  1 — The  Induction  of  Electric 
Onrrents;  611  pugeB.  New  edition.  Blustrated.  8vo,  doth. .  .86.00 
Vol.  2.  The  Utilization  of  Lidnoed  Onrrents.  XUnstrated.  8vo. 
doth  85.00 

  Electric  Lamps  and  Electric  Lighting.    Being  a 

course  of  four  lectures  ih  livcrcil  at  the  Royal  iustitatioii,  April-May, 
W^.    8vo,  cloth,  fully  illustrated  83.00 

 Electrical  Laboratory  Notes  and  Forms,  Blemen- 

taiy  and  advanced.   4to,  doth,  iUastrated  $6.00 

FOLEY,  NELSON   and  THOS.  PRAY,  Jr.  The 

Meclnaiieal  Knpineers'  Reference  Book  for  Maclu'ne  and  Boiler  Con- 
struction, in  two  parts.  Part  1 — General  Enpinefring  Data.  Part  2 
— Boiler  Constructiou.  With  tifty-one  platcB  and  numerous  illustra- 
tioBs,  spedally  drawn  for  this  work.  Folio,  half  mor  $26.00 
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FORNEY,  MATTHIAS  N.  Catechism  of  the  Locomo- 
tive. Second  £(lifion,  revised  and  enlarged  Forty-sixth  thouaand. 
8to,  cloth  $3.60 

FOSTER,  Gen.  J.  G.,  U.S.A.    Submarine  Blasting  in 

Boston  Harbor,  Massachusetts.  Removal  of  Tower  and  Corwin 
Rocks.    Illustrated  with  7  plates.    4to,  cloth  $3.50 

FOSTEB,  H.  A.  Electrical  Engrineers'  Podket  Book. 
1000  paees  with  the  ooUaboiatioii  of  Eminent  SpeoiaUsts. .(/»  £*rew,) 

FOSTER,  JAMES.  Treatise  on  the  Evaporation  of 
SaoohMnne,  Chemical  and  other  Ldqiiids  by  the  Mnltiple  System  in 
Vaonnm  and  Open  Air.  Second  BditUm,  Diagrams  md  large 
plates.   8vo,  doth  $7.60 

FOX,  WM..  and  0.  W.  THOMAS,  M.  R  A  Practical 

Course  in  Meohanioal  Dratnng.    12mo,  oloth  witl(  plates  $1.25 

FRANCIS,  Jas.  B.,  C.E.  Lowell  Hydraulic  Experi- 
ments. Being  a  selection  from  experiments  on  Hydraulic  IVfotors, 
on  the  Flow  of  Water  over  Weirs,  in  open  Canals  of  uniform  reo- 
tangular  section,  and  through  submerged  Orifices  and  diverging 
Tubes.  Made  nt  Lowell,  Ma«8.  Fourfli  ^difl'ni,  rrristd  and 
enlarged,  with  many  new  experimeut«,  and  illustrated  with  23 
oopper>plate  engravings.    4to,  cloth.  $16.00 

FROST,  GEO.  H.  Engineer's  Field  Book.  By  C.  S. 
Cross.  To  which  are  added  seven  chapters  on  Jiailroad  Location  and 
Conttmetion.   Fhnrth  edition.   12mo,  oloth  fl.OO 

PULLER,  GEORGE  W.    Report  on  the  Investigations 

into  the  Purification  of  the  Ohio  River  Water  at  Louisville,  Ken- 
tucky, made  to  the  President  and  Directors  of  the  Louisville  Water 
Company.  Pnblished  under  agreement  with  the  Directors,  ito,  oL 
8  full  page  plates  net,  $10.00 

QEIPEL,  WM.  and  KLLGOUR,  M.  H.  A  Pocketbook 
of  Eleotrieal  i^n^eeting  Formuln.  Bhiskrated.  18mo,  mor.  .$8.00 
Large  paper  edition,  idde  margins.  Bvo,  moroooo,  gilt  edges  $6.00 

GERBER.  NICHOLAS.  Chemical  and  Physical  An- 
alysis 01  Milk,  Condensed  Milk  |uid  Infant's  Milk-Food,  f-vo, 
eioth  $1.26 

GIBBS,  WILLIAM  E.  Lighting  by  Acetylene,  Gen- 
erators, Burners  and  Electric  Furnaces.  With  66  illustrations.  Sec- 
ond edition  revised.   12mo,  oloth.  $1.60 

GILLMORE,  Gen.  Q.  A.  Treatise  on  Limes,  Hyraulic 
Cements,  and  Mortars.  I'apers  on  Praotiosl  Engineering,  United 
States  Engineer  Department,  No.  9,  oontaining  Bepnrts  of  numerous 


Digitized  by  Google 


12 


D.  VAN  NObTKAND  COMPANTS 


Experimente  conducted  in  New  York  City  during  the  years  1858  to 
1861,  iuclusive.    With  numerous  illiistiiitions,    8vo,  oloth  $1,00 

QILLMORE,  Gen.  Q.  A.  Practical  Treatise  on  the  Con- 
Btrnction  of  lioads,  Streets,  and  Pavements.    With  70  illustratious. 

12mo,  cloth  $2.00 

 Report  on  Strength  of  the  Building  Stones  in  the 

lTmtMl8«Bte8,6te.  »70,  illiislamtecl,  doth  •l.OO 

aOLDING,  HENRY  A.  The  Theta-Phi  Diagram. 
Pnwli<»lly  applied  to  Steam,  Gas,  Oil  «&d  Air  Engines  12nio,  dotiu 
Bliistratod.  nef,  $1.26 

GOODEVE,  T.  M.  A  Text-Book  on  the  Steam-En^e. 

With  a  Siipplemeut  ou  Gas-EugineB.    Twe^th  Edition,  enlarged. 

143  illuHtrfttiouB.    12mo,  cloth  $2.00 

GK)RDON,  J.  E.  H.   School  Electricity,  niastrations. 

12mo,  cloth  92.00 

OORE,  G.,  F.  R.  S.  The  Art  of  Electrolytic  Separa- 
tion of  Metals,  eto.  (Theoretioal  aad  PxacticaL)  Illustrated.  8vo, 
cloth  $3.50 

Electro  Chemistry    Inorg^anic.    Third  Edition,  8vo, 


doth  $.80 

GOULD,  E.  SHERMAN.  The  Arithmetic  of  the  Steam 
Engine^  8vo,  doUi  $1.00 

GBIFFITMS,  A.  B.,  Ph.D.  A  Treatifle  on  Mannrea, 

or  ibe  Philo8()]ihy  of  Manuring.  A  Practical  Hand-Book  for  the 
Agriculturist,  Manufacturer,  and  Student.    12mo,  cloth  $3.00 

GROVER,  FREDERICK.  Practical  Treatiae  on  Mod- 
em Gas  and  OU  Engines.   8to,  cloth.    lUustrated.   . .  .$2.00 

GUBBEN,  RICHARD   LLOYD.     Traverse  Tables: 

oompnted  io  4  plnces  Decimals  for  oveiT  ®  of  nnple  up  to  100  of  Dis- 
tance. For  the  use  of  Surveyors  and  Engineers.  New  Edition, 
Folio,  half  mo  $7.50 

GUT,  ARTHUR  F.  Electric  Light  and  Power^  giving 
the  BesaH  of  Fnefeietl  Ezpconenoe  in  Oenind-StKtioii  ¥7q«.  8to. 
cloth.   lUustrated  $2.60 

HAEDER,  HERMAN,  C.  E.     A  Handbobk  on  the 

Steam  Engine.    With  especial  reference  to  small  and  medium  sized 

engines.    English  edition,  re-edited  by  the  author  from  the  second  | 

German  edition,  and  translated  with  considerable  additions  and  alter-  , 

atkniB  by  H.  H.  P.  Fowlee.   12mo,  doth.  Nearly  1100  iUua.  .  .$a.00  > 

TTATiTi,  WM.  S.  Ptof.    Elementa  of  the  Differential 

and  Integral  OakmluB.     Second  edition.     8vo,  doth.     Illus-  ' 

trated  rir^  $2.25  j 

HALSET,  F.  A.    Slide  Valve  Gears,  an  Explanation  | 

of  the  action  and  Construction  of  Plain  and  Cut-off  Slide  Valves.  i 
lUustrated.     12mo,  cloth.    Sixth  EditUm  $1.50 
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HAMILTON,  W.  G.  UsefOl  Information  for  Bailway 
MflB.  7*enrA  EdU/^io/ii^  revised  and  enlarged.  662  ptgM,  pooket 
form.  Movoooo,  gilt.  $2.00 

HANOOOK9  HBSBEBT.  Teact-Book  of  Xeohanios  and 

^7drortatioB,  with  over  500  diagramt.    8to,  doth  $1.75 

HABBISON,  W.  B.  The  Mechanics'  Tool  Book. 
With  FMotical  Rules  and  Snggestions  for  nae  of  Machiniata,  Iron- 
Workers,  and  othera.  XUnatmted  with  44  engravinga.  12mo, 
cloth,  $1.50 

HASKINS,  C.  H.    The  Galvanometer  and  its  Uses. 

A  Manual  for  Electricians  and  Students.  Fourth  edition.  12mo, 
cloth  81.50 

HAWKE,  WILiLIAM  H.  The  Premier  Cipher  Tele- 
graphic Code  Couttiiiiing  100,000  Words  and  rhrases.  The  niost  com- 
plex and  moat  nseful  general  code  yet  published.   4to,  eloth  .  .$5.00 

 100,000  Words  Supplement  to  the  Premier  Code. 

A.11  the  words  are  selected  from  the  official  vocabulary.  Oblong 
quarto,  cloth    $4.20 

HAWKINS,  C.  C,  and  WAL.LIS,  F.  The  Dynamo; 
its  Theory,  Design  and  Mannfactnre.  190  iUoatrationa,  IStmo,  oloth, 
 $8.00 

HAT,  AIiFBED.    FrineipleB  of  Alternate -Cuxrent 

Working.   12mo,  doth,  illnstrated.  $2.00 

HEAP,  Major  D.  P.,  U.  S.  A.  Electrical  Appliances  of 
the  Fteaent  Daj.  Beport  of  the  Paria  Eleetrioal  Exposition  of  1881. 
250  mastrations.  Svo^doth  $2.00 

HBAYISIDE,  OLIVEB.  Electromagnetic  Theory. 
,         8to,  oloth,  two  Tolmnes,  each  $6.00 

I    HENBICL  OLAXJB.    Skeleton  StractnreB,  Applied  to 

I         the  Building  of  Steel  and  Iron  Bridges.    Blnatrated  $1.50 

I  HEBBMANN,  Gustav.  The  Graphical  Statics  of 
I         Medhanism.   A  Qnide  for  the  Use  of  Maoninists,  Ardiitects,  and 

Engineers  :  mid  also  a  Toxt-lxxik  for  Technical  Schools.  Translated 
and  nniiotat«  d  by  A.  P.  Smith,  M.  £.  12mo,  cloth,  7  f<>libng 
plates.     T/ilrri  /v/'V/o//  f2.00 

HERMANN,  FELIX.  Painting  on  Glass  and  Porce- 
lain and  Euaiuel  Painting.  Ou  the  13asis  of  Personal  Practical  Ex- 
perience of  the  Condition  of  the  Art  up  to  date.  Tranalatedby 
Uharles  Salter.  Stcond  gnafl^  enlarged  edition.  8vo,  cloth, 
nioatrationa.  fie<.  $3.60 

HE  W  SON,  WM.  Principles  and  Practice  of  Embanking 
Land^  from  Biver  Floods,  as  applied  to  the  Ijeveea  of  the  Mis8is8i])|ii. 
8vo  cloth  $2.00 
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HUTCHINSON,  W.B.,aiidJ.  A,  B.CRISWELIi.  Patents 

and  How  to  IMdke  MoDev  our  of  Them.  Members  of  New  York  Bar. 
12mo,  cloth.   New  York/ 1899  31.25 


HILL,  JOHN  W.    The  Fuxiflcation  of  Public  Water 
Supplies.   Illustrated  with  Ysliuible  Tables^  Diagnune  and  Cuts.  I 
.   8vo,  cloth,  304  pages  f3.00  ^ 

 The  Inteviiretation  of  Water  Analysis.  (In  I¥ub,)  \ 

HOBBS,  W.  B.  P.  The  Arithmetio  of  Blectrical  Meao-  j 

mementa,  with  numeioiiB  examples.  Fully  Wcnrked.  12mOy  oloih,  .00  I 

HOFF.  WM.  B.,  Com.  U.  S.  Navy.  The  Avoidance  of  I 
CoUiinoiiB  at  Sea.    18mo,  moroooo  75  ' 

HOLLEY,  ALEXANDER  L.  Railway  Practice.  Ameri-  i 
can  and  Europeau  Bailway  practice  in  the  Economical  Generation  of 
Steam,  inolnding  the  Matexials  and  Oonstraotioii  of  Ooal-buinmg 
Bodlers,  Combustion,  the  Variable  Blast,  Vaporization,  Circulation,  | 
Snperheatinp.  Siii>plyiDp:  and  Heating  Feed  Water,  etc.,   and  the 
Adaptation  ol  Wood  and  Coke-burning  Engines  to  Coal-bumiug ;  and 
4in  Permanent  Waj,  indading  Boad-beo,  Sleepers,  Kails,  Joint  Fasten-  ! 
ings,  Street  Bailways,  ete.  With  77  lithographed  pbttes.   Folio,  j 
ah>th  •12.00  j 

HOLiffES.  A.  BBOMLET*  The  Electric  Light  Popu-  ) 
lady  Explained.-  Fifth  Edition,  ninstrated.   12mo,  paper... 90.40  ^ 

HOPKINS,  NEVIL  M.  Model  Engines  and  SmaU  j 
Boats.  New  Methods  of  Engine  and  Boiler  Making  with  a  chapter  on  ' 
Elementary  Ship  Design  and  Gonstrnotion.   12mo,  doth  $1.25  > 

HOSPITALIER,  E.  Polyphased  Alternating  CuiTents.  ' 
ninstrated.   8vo,  oloth  ,...S1.40  ' 

HOWARD,  C.  R.  Earthwork  Mensuration  on  the  Basis  , 
of  the  Prumoidal  FormnUo.   Containing  Simple  and  LaboF-saving 

Method  of  obtaining  Prismoidal  ContditR  directly  from  End  Areafi. 
ninstrated  by  Examples  and  accompanied  by  Plain  Rules  for  Practi- 
cal Uses.    Illustrated.    8vo,  cloth  $1.50 

HUMBER,  WILLL^M,  C.  E.   A  Handy  Book  for  the  ; 

Calcnlation  of  Strains  in  GirderH,  and  Similar  Structures,  and  tlieir 
Strength  j  Consisting  of  Formulte  and  Corresponding  Diagrams,  with  , 
nomerons  details  for  practical  a^jplication,  etc.    Fourth  Edition, 
12mo,  doth  $2.60  ; 

HUBST,  CmOBQE  H.    Lubricating  OUs,  Flits  and 

Qreaaes. 
318  pages, 


Qreaaes.    Their  Origin,  Preparation,  Properties,  Uses  and  Analysis.  ' 
with  65  iUostrations.   Svo,  doth  1^00 

-Soaps;  A  Practical  SCannal  of  the  Mannftrtstore  of  . 

I>ome8tic,  Toilet  and  other  Soaps.   Illnstrated  with  66  Engravings. 
8vo,  cloth  $0.00  » 
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HUTTON,  W.  S.  Steam  Boiler  Construction.  A  Prac- 
tical Haod  Book  for  Eugineers,  Boiler  Makers  and  Steam  Users. 
OcmtiiniDg  a  large  oolleotiofi  of  rales  and  data  relatius  to  recent 
practice  in  the  deirign,  oonsfcmction,  and  working  of  all  kinds  of  i 
stationary,  locomotive  and  marine  ateftm-V)oilerH.     With  upwards  of  ' 
500  illustrations.    Third  Edition^  vanjvllif  itvixrd  and  much  en-  I 
targed.     8vo,  cloth  $6.00  ' 

  Practioal  Engineer's  Hand-Book,  Comprising  a 

treatise  on  Modem  Engines  and  Boilers,  Marine,  Locomotive  and 
Strttionaiy.  Fovrfh  Edition.  Carefully  revised  with  additions. 
With  upwards  of  570  iilastraiions.   8to,  cloth  $7.00  ; 

  The  Works'  Manager's  Hand-Book  of  Modem 

RnlcH,  Tables,  ami  Data  for  Civil  and  Mccliauirdl  Engineers.  Mill- 
wrights and  Boiler-makers,  etc.,  etc.  With  upwards  of  150  illns- 
trations.  Fifth  Edition.  CartfuUj/  revintd,  with  additions.  8vo, 
doth  $6.00 

INNES,  CHARLES  H.   Problems  in  Macliine  Design. 
For  the  Use  of  Students,  Draughtsmen  and  others.   12mo,  c1. .  .$4.00 

 Centrifugal  Pumps,  Turbines  and  Water  Motors. 

Including  the  Theory  anil  Practice  of  Hydraulics,     l*2mo,  cl.  .Sl.r)0 

ISHERWOOD,  B.  F.  Engineering  Precedents  for  Steam 

Machinery.  Arranged  in  the  most  practical  and  useful  manner  for 
Engineers.   With  ilinstrations.   2  vols,  in  1.    Sto,  doth  $2.60 


JAMESON,  CliAKJLES  D.     Portland  Cen»nt.     Its  ; 
Manufacture  snd  Use.   8to,  doth   $1.50 

JAMIESON.  ANDREW.  C.E.   A  Text-Book  on  Steam 
and  Bteam-Engines.   Specially  arranged  for  the  use  ot  Sdenoe  and 

Art,  City  and  Guilds  of  London  Institute,  and  other  Engineering 
Students.    I'enth  Edition.   Blnstrated.    12mo,  doth  $a.00  j 

 Blementary  Manual  on  Steam  and  the  Steam  En-  i 

gine.    Specially  arran^r«'d  for  the  use  of  First- Year  Science  and  Ai't, 
City  and  (iuilds  of  London  Institute,  and  other  Elementary  En^nn(>er-  ' 
ing  Students.    Third  Edition.    12mo,  cloth  81.50 

JANNETTAZ,  EDWARD.   A  Guide  to  the  Determina-  • 

tlon  of  Rooks :  neing  an  Introduction  to  Lithology.    Translated  from  ' 

the  Frnich  hy  (i.  W.  Plympton,  Professor  of  Physical  Science  at  i 

Brooklyn  Polytechnic  Institute.   12mo,  doth.  $1.60  \ 

JOHNSTON,  Prof  J.  F.  W.,  and  CAMERON,  Sir  Chaa.  \ 
Elements  of  Agricultural  Chemistry  and  Oeology.  i 

Strrnteenth  Ed  if  ion.     I'Jmo,  cloth  ^.60  ' 

JOYNSON,  F.  H.    The  Metals  used  in  Construction.  . 
Iron,  Sted,  Bessemer  Metal,  etc.   Illustrated.   12mo,  cloth  76 

Deaigning  and  Oonatruotion  of  Maohine  Gearing. 

 tpiSo  , 


ninstrated.   evo,  doth 
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KANSAS  CITY  BRIDaE,  THE    With  an  Account  of 

the  Kegimeu  of  the  Miiiaouri  Biver  and  a  Deeoription  of  the  Methods 
used fbr  Fonndiiig in  tfaaftRhrer.  ByO.  Ohaimte, Qhicf Enginum;  and 
Ctooxge  Morrison,  Assistant  Engineer.  Illartnled  with  6  InhograpLio 
▼lows  and  12  plates  of  plana.   4to,  oloth  $6.00 

XAPP,  GISBBBT,  C.E.  Electric  Trancanission  of  Btier- 

S and  its  Transformation,  SnbdiTision,  and  Distribution.  AFraotiloal 
id-book.  Foturth  Hdiiion,  revUed    12mo,  doth  |8.50 

— ^  Dynamos,  AltematorB  and  TraaafoniiarB.  138  Ulna- 

trationa.  12mo,  doth  flOO 

KEMFE,  H.  H.  The  Electrical  Eu^ineer^s  Pocket 
Book  Of  Modem  Bales,  Fonnnl»,  Tablea  and  Data.  lUnatiatod. 
82mo.  Mor.  gilt  $1.75 

KENNELLY,  A.  E.  Theoretical  Elements  of  Electro- 
Dynamio  Machinery.   8to,  cloth  $1.60 

KILGOUR,  M.  H.,  SWAN,  H.,  and  BIGGS,  C.  H.  W.  Elec- 
trical Distributitju ;  Ite  Theory  and  Practice.  174  Ulusratious. 
12mo,  doih*  $100 

KING,  W.  H.   Lessons  and  Practical  Notes  on  Steam. 

The  Steam-Engiue,  Proi)eller8,  etc.,  for  Young  Marine  Engineers, 
Students,  and  others.  Kcvised  by  Chief  Engineer  J.  W.  King,  United 
States  Nairy.   Nineteenth  Edition,  enlarged,   ttvo,  doth.  12.00 

KINODON,  J*.  A.  Applied  Magnetiflm.  An  introdao- 

tion  to  the  Design  of  Eleotromagnetio  Appaiatns.   8yo,  doth. . .$3.00 

KIRKAIiDY,  Wm.  G.  Illustrations  of  David  Kirk- 
ddy's  System  of  Medianioal  Testing,  as  Originated  and  Cknried  On 

by  him  during  a  Quai-ter  of  a  Century.  Comprising  a  Large  Selection 
of  Tulniliitod  Rosults,  sliowing  tlie  Strougtli  and  other  Properties  of 
Miiterial.s  ust-d  iu  Coiiatructiou,  w  ith  Explauutoiy  Text  and  Historical 
Sketch.  Numerous  engravings  and  25  lithographed  plates,  ito, 
doth  $20.00  . 

KIRKWOOD,  JAS.  P.   Report  on  the  Filtration  of 

River  Waters  for  the  supply  of  Cities,  as  practised  in  Europe,  m^de 
to  the  Board  of  Water  Commissionen  of  the  city  d  Si.  Louis.  Illus- 
trated by  30  double-plate  engravings.   4to,  doth  $7.50 

LARRABEE,  C.  S.    Cipher  and  Secret  Letter  and  Tele- 


Code  ever  invented  or  discovered.  Impossible  to  read  without  the 
key.   ISmo,  cloth  80 

LAZELLE,  H.  M.     One  Law  in  Nature.     A  New 

Corpuscular  Theory  compi'eliendinp:  Unity  of  Force,  Identity  of 
Matter,  and  its  Multiple  Atom  Constitution,  etc   12mo,  doth,. .$1.50 


Digitized  by  Google 


SCIENTIFIC  PUBLICATION&  17 


IiEASK,  A.  BITOHIE.    Breakdowns  at  Sea  and  How 

to  Repair  Than,  '^th  dgthy-nme  iUnstiatknii.  8to,  doth.  Second 
Fdltion  f2.00 

  Triple  and  Quadruple  Expansion  Engines  and 

Boilers  aud  their  Management.  With  nfty^nine  UlasirBtions.  Third 
edit ioiit  revised.    12mo,  cloth....  $2.00 

 Refrigerating  Machinery :  Its  Principles  and  Man- 
agement.  With  sixty -four  iliustratious.    12mo,  cloth  |(2.00 

LECKT,  S.  T.  S.  "  Wrinkles  "  in  Practical  Navigation. 
With  1 30  illuatmtioDs.   8vo^  oloth    Ninth  Edition,  revised ....  $8.40 

IiEITZE,  EBNST.    Modem  Heliographic  Processes. 

A  Manual  of  Instruction  in  the  Art  of  Keproducing  Druwiiigs,  En- 
gravinpH,  f't<^. ,  V)v  tlie  action  of  Liprlit.  With  32  woodouta  and  ten 
speeimenH  of  Ht  liof^rams.    8 vo,  cloth.     Second  Edition. 


LEVY,  O.  li.   Electric  Iiight  Primer.   A  Simple  and 

Comprehfnsivo  digest  of  all  the  most  important  facets  conneoted  with 
the  running  o£  the  dynamo,  and  electric  lights,  with  precautious  for 
safety.  Forfhe  use  of  persons  whose  duty  it  is  to  look  alter  the 
plant.   Sto,  paper.  $  .50 

LOCKE,  ALFRED  G.  and  CHARLES  G.  A  Practical 
Tmtiae  on  the  Mannfaotiire  of  Snlphurio  Add.  With  77  Constmo- 
tive  Plates  drawn  to  Soale  Meaanrementa,  and  other  XUnatratiouH. 
Boyal  8to,  cloth  $10.00 

LOCKBBT,  LOXnS.    Petroleum  Motor-Oars.  ISmo, 

doth.  $1.60 

LOCKWOOD,  THOS.  D.  Electricity,  Magnetism,  and 
Electro-Telegraphy.  A  Pradaeal  Guide  for  Studenta,  Operators,  and 
Inapedora.   8to,  doth.    Third  BditUm  $2.60 

 Electrical  Measurement  and  the  Galvanometer ;  Its 

Oonatmetion  and  Uaea.  Second  Edition,  32  illusferatioiia.  i2mo, 
doth.  $1.60 

LODGE,  OLIVER  J.  Elementary  Mechcuiics,  includ- 
ing Hydrostatioa  and  Pneumatioa.  Revised  Edition,  12mo, 
doth.  $1.60 

LORING,  A.  E.   A  Hand-Book  of  the  Electro-Magnetic 

Telegraph.   Paper  boards  50 

Cloth  75 

Morocco  $1.00 

LIJCE,  Com.  S.  B.     Text-Book  of  Seamanship.  The 

Equipping  and  Handling  of  Vessels  nnder  Sail  or  Steam.  For  the 
use  of  the  U.  S.  Naval  Academy.  Rcvint  d  and  enlarged  edition, 
by  LI  Wm.  S.  Benaon.   8vo,  doth.  $ia00 
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IB  D.  TAK  NOBTAAKD  OOMPAMT'S 


LUNGE,  GEO.  A  Theoretical  and  Practical  Treatise 
on  the  Manufacture  of  Sulphuric  Acid  and  Alkali  with  the  Ck>llateral 
Bnuehes.   Yol.  L   Solplmrio  AokL    Second  EdiOon,  EevUed  and 

enlarifed.    342  illuskratioiiB.    8 vo,  cloth   315.00 

Vol.  II.  Secrmd  Edition^  rexHxt  fl  and  cjilarged,  8to,  oloth.  $16.80 
Vol.  III.   8vo,  cloth.    New  Edition,  1896  $15.00 

liUNGE,  GEO.,  and  HURTER,  F.  The  AlkaU  Maker's 
Pocket  Book.  Tables  and  Analytical  Methods  for  Manufacturers  of 
Sulphnrio  Add,  Nitric  Add,  Bo^  Potash  and  Ammoma.  Second 
Edition.   12mo,  doth  18.00 

LUaUER,  LEA  McILVAINE,  Ph.  D.     Minerals  in 

Rock  Sections.  The  Practical  Method  of  Ideiitifving  Minerals  in 
Kork  Soctions  with  the  micro.scopo.  Espociafly  arranged  for 
Students  in  Technical  and  Sieniiiicc  Schools.  8vo,  cloth.  Xllus- 
tiated  net,  91.60 

MACCORD,  Prof.  C.  W.  A  Practical  TreaUse  on  the 
Slide-ValTe  by  EooentrieSp  examining  by  methods  the  aotkm  ol  the 

Eccentric  upon  the  fflide-ValTe,  and  explaining  the  practical  processea 

of  laying  out  the  movements,  adapting  the  Valve  for  its  various 
duties  in  the  Steam-Engine.  Second  Edition,  Illpstrated.  4to, 
doth  $2.50 

MAGUIRE,  Capt.  EDWARD,  U.  S.  A.  The  Attack 
and  Defence  of  Coast  FortificationB.   With  Ibpa  and  Nonraroas 

Illustrations.    8vo,  cloth  |fi.60 

MAGTJIRE,  WM.  B.  Domestic  Sanitary  Drainage 
and  Plumbing  Leotnres  on  Practical  Sanitation.  332  iliustrationR. 
8vo    §4.00 

MARKS,  EDWARD  0.  R.     Mechanical  Engrineering 

Materials  :  Their  Properties  and  Treatment  in  Construction.  12mo, 
doth,   Blastrated.  60 

 Notes  on  the  Construction  of  Oranes  and  T^<ifciTig 

Madiinery.   12mo,  doth.    $1.00 

MARKS,  O.  0.    Hydraulic  Machinery  Employed  in 

the  concentration  and  Transmisdon  of  Power.    ISmo,  doth. . .  .$1.26 

MAVEB,  WM.  American  Telegraphy :  Systems,  Ap- 
paratus, Operation.  450  illustrationB.  8vo,  doth  $3.60 

MATEB.  Firoi:  A.  M.  Ijecture  Notes  on  Physics. 
Ofo,  eloth.  9i.00 

McCITLLOCH,  Prof.  R.  S.    Elementary  Treatise  on 

the  Me  chanical  Tlx ory  of  Heat»  and  its  application  to  Air  and  Steam 
Eugiues.    8vo,  cloth  S3.50 

McNeill,  Bedford.     McNelirs  code.  Arranged 

to  meet  the  requirements  of  Mining,  Metallurgical  and  Civil  Engi- 
neers, Directors  of  Mininpr,  Smelting  and  other  Oompanies,  Bankers, 
Stock  and  Share  BrokerB,  S  'i  ii-njn,  Aocouiitauts,  Finanders,  and 
General  Merchants.   Safety  and  beorepy.   8to,  doth  $6.00 


uiyui^(.u  by  Google 


kK)IENTIFIO  PCJBLI0ATION8. 


19 


MERRILL,  Col.  WM.  E.,  U.S.A.    Iron  Truss  Bridgea 

for  liailroadB.  llie  method  of  oaloalating  etraius  in  TrusBes,  with  a 
oarefal  eompariaon  of  the  most  prominent  TnuBsea^  in  reforenoe  to 
eoonomy  in  combination,  eto.  jQlnsfciated.  iko,  doth.  Fourth 
Edition  $5.00 

METAL  TUBNINO.  By  a  Foreman  Pattern  Maker. 

Illastrated  with  81  engravingB.    12 mo,  cloth  81.50 

MLNiiUEt  WM.  Mechanical  Drawing.  A  Textbook  of 

Goometrical  Drawiiig^  for  the  use  of  Mechanics  and  Schools,  in  which 
the  DehuitiouB  and  Holes  of  Geometry  are  familiarly  explained  \  the 
Practical  Problems  are  arranged  from  &e  most  simple  to  the  mora 
eomplex,  and  in  their  description  technicalities  are  avoided  as  much  as 
possible.  With  illustratio^is  for  Drawing  Plans,  Sections,  and  Eleva- 
tions of  Railways  and  Machinery  ;  au  Introduction  to  Isometrical  Draw- 
ing, and  an  Essay  ou  Linear  Perspective  and  Shadows.  Blustrated  with 
over  200  diagrams  engraved  on  steel.  NiuUi  thousand.  With  an 
i^ypendix  on  the  Theoiy  and  Application  of  Oolors.   8vo,  doth.  .$100 

 Geometrical  Drawing.  Abridged  from  the  Octavo 

edition,  for  the  use  of  schods.  lUasfcnted  with  48  sted  plates. 
Ninih  edition.    12mo,  cloth  $2.00 

MODERN  METEOROIiOOT.  A  Series  of  Six  Lectures, 
delivered  under  the  auspices  of  the  Meteorulogiod  Society  in  1870. 
lUustrat^-d.     12mo,  cloth  $1.50 

MOREING,  C.  A.,  and  NEAL,  THOMAS.  Telegraphic 

Mining  Code  Alphabetically  arranged.  iSccond  Editiori,  8vo, 
cloth  $8.40 

MORRIS,  E.  Easy  Rules  for  the  Measurement  of  Earth- 
workS'by  means  of  the  Pzismoidd  Formnla.  8to,  doth,  iUns  $1.80 

MOSES,  ALFRED  J.,  and  PARSONS,  C.  L.  Elements 
(rf  Mineralogy,  Crystallography  and  Blowpipe  Analysis  from  a  prac- 
tical standpoint   Second  Thousand,   8to,  doth,  886  illas..fie<,  $2.00 

MOSES,  AIjFREB  J.    The  Charaotem  of  Crystals. 

An  IntroiluctioQ  to  Physical  Crystallography,  containing  821  Illustra- 
tions and  Diagrams.   8vo,  211  pp.  <  net,  $2.00 

MOELLER,  F.  C.  G.    Krupp's  Steel  Works.  With 

88  illiistratioDM.  l^y  Felix  Schmitlt  and  A.  Mootan,  Authorized 
Translation  from  the  (xerman.    4to,  cloth  {In  Prattt.) 

MULLIN,  JOSEPH  P.,  M.E.     Modem  Moulding  and 

Pattern-Making.  A  Practical  Treuti.so  upon  Patteru-Sliop  and  Foun- 
dry Work  :  emDrnciag  the  Moulding  of  I'uUeys,  Spur  Gears,  Worm 
Gears,  Balance- Wheels,  Stationary  Engine  and  Looomotive  Cylinders, 
Globe  Valves,  Tool  Work,  Mining  Machinery,  Screw  Propellers,  Pat- 
tern-Shop  Machinery,  and  the  latest  iHiprovements  in  l^nglish  and 
American  Gupolaa ;  together  with  a  large  collection  of  original  and 
carefully  sdeoted  Rules  and  Tables  for  eyery-day  use  in  the  Drawing 
Office,  Pattem-Shop  and  Foundry.    12mo,  doth,  illustrated. . .  .$2.50 
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ICTJNRO,  JOHN,  C.E.,  and  JAMIBSON,  ANDREW, 

C.  E.  A  Pocketbook  of  Electrical  Rules  and  Tables  for  the 
use  of  Electricians  and  Engineers.  Thirteenth  edition^  revised 
and  enlarged.  With  niimerouB  diagrams.  Pocket  size.  Leather. $2. 50 

MURPHY,  J.  Q.,  M.E.  Practical  Mining.  A  Field 
Manual  for  Mimng  Engiueers.  With  Hints  for  InveBtors  in  Mining 
Ftoperties.    lOmo,  mozooco  tnoks  fl.0iO 

IVACITJBT,  A.  Leml  Chemistry.  A  GKiideto  the  Detec* 

tion  of  Poisons,  FaTsificatiou  « »f  Writings,  Adulteration  of  Alimentary 
1  and  riiarmaceutical  Substances,  Analysis  of  Ashes,  and  examination  of 

i  *  Hair,  Coins,  Anus,  and  Stains,  aa  applit  d  io  Chemical  Jurisprudence, 
,         for  the  use    Chemists,  Physicians,  L  Rwyers,  Phamiaoists  SDu  Exports. 

Translated,  with  additions,  including  a  list  of  books  and  memoirs  on 
'  Toxicology,  etc.,  from  the  Frendi.  by  J.  P.  Battershall,  Pli.I).,  with  a 

j  pivfacp  by  C.  F.  Clumdler.  IMi.i).,  M.D.,  LL.D.    12ni<.,  cloth.  .$2.00 

,    NASMITH,  JOSEPH,   The  Students  Cotton  Spinning. 

I  Third  t  (ii(ion^  rti  ixi  d  and  tnlarytd.  8vo,  cloth,  622  pages,  J^O 
I  illustrations  S3.(X) 

NEWALIi,  JOHN  W.  Plain  Practical  Directions  for 
'         Drawing,  Sizing  imd  Cutting  Bevel-Oean,  showing  how  the  Teetb 

'  may  be  cut  in  a  Plain  Milling  Machine  or  Gear  Cutter  so  as  to  give 
I  them  a  corn  et  slinpc  from  ciul  to  <>ik1  ;  and  showing  how  to  get  out 

I  all  particulars  for  the  Workshop  without  making  any  Drawings. 

IhehuUng  a  Full  Set  of  Tables  of  Befeienoe.  Folmng  Plates.  8to, 
j         doth.  $1.60 

I   NEWOOMB,  EDWARD  W.   Stepping  Stones  to  Pho- 

I  top:rapliy.    12mo.  cloth.    Tllustratr.l.    N.  V.,  1899   In  presn. 

I   NEWLANDS,  JAMES.    The  Carpenters'  and  Joiners' 

Assistant  :  being  a  ConipreheuHiv*'  'J'reatise  on  the  Selection,  Prepara- 
I  tion  and  Strength  of  Materials,  and  the  Mechanical  Principles  of 
Ftaming,  with  their  Rp|>lioation  in  Carpentry,  Joinery,  and  Hand- 
Bailing  ;  also,  a  Complete  Treatise  on  Sines  ;  and  an  illustrated  Glos- 
sary of  T(  rms  used  in  Architecture  and  Building.  Illustrated.  Folio, 
half  mor  815.  CK) 

NIPHER,  FRANCIS  E.,  A.M.    Theory  of  Magnetic 

MeasuremeutJi},  with  an  appendix  on  the  Method  oi  Least  Squares. 
12mo,  cloth  $1.00 

NOAD,  HENB7  M.    The  Studente'  Text  Book  of 

Electricity.  .1  nctr  *  ditinn,  cai'r  f'dljj  revised.  With  an  Introduc- 
t\on  and  additional  chapters  by  W.  H.  Preeoe.  With  471  illustrations. 

VJmo.  cloth  ;  S4.00 

NUGENT,  E.  Treatise  on  Optics;  or,  Light  and  Sight 

theoretically  and  pm^tically  treated,  with  the  application  to  Fine  Art 
I         and  Industrial  Pursuits.   With  103  illustratioiiB.  12mo,  cloth.  ..$1.50 

<   O'CONNOR,  HENR7.    The  Gas  Engineer's  Pocket 

I  r.  I  ('  iiij)rising  Tables,  Notes  and  Memoranda;  relating  to  the 
.Miiuiihu  t  uri',  I )iKtributiou  and  Use  «if  Coal  (ias  and  the  Construc- 
tion ot  Gas  Works.    12mo,  full  leather,  gilt  edges  $3.60 
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OBBOBN,  PRANK  O.    Tables  of  Momente  of  Inerlla, 

and  Squares  of  Rudii  of  Gyration;  Supplemented  by  others  on  the 
Ultimate  and  Safe  Strenf^h  of  Wronglit  Iron  Colnmns,  Safe  Streugth 
of  Timber  Beams,  and  Constants  for  readily  obtaining  the  Shearing 
Btneeee,  Beaetiom,  and  Bending  Moments  in  Swing  Bridges.  12mo, 
lesttier  $8.00 

OSTERBERG,  MAX.  Synopsis  of  Ovumnt  Electrical 

Literature,  compiled  from  Teohniosl  Joonuls  and  Magairines  during 
1896.   8vo,  oloth  $1.00 

0X7DIN,  M.  A.    Standard  Polyphase  Apparatus  and 

SystMus.   Folly  QlnBtrated.  $8.00 

PAGE,  DAVID.  The  Earth's  Omst^  A  Handy  Out- 
line of  Geology.   16mo,  doth  76 

FAI«AZ,  A.,  ScD.  A  Treatise  on  Industrial  Photome- 
try, witli  special  application  to  Electric  Lighting.  Authorized  trans- 
lation from  the  French  by  (icnrpe  W.  Patterson,  Jr.  Sroond  (d  if  ion, 
rcvifird.    8vo,  cloth.    IlluHtrateil.  $4.00 

PARSHAL.L,  H.  F.,  and  HOB  ART,  H.  M.  Armature 
Windings  of  Electric  MachiueH.  With  1 40  full  page  plates,  65  ta- 
bles, and  165  pages  of  deseriptive  letter-press.   4to,  eiofn  $7  60 

PARSHALL,  H.  F.  Electrical  Equipment  of  Tram- 
way .s  (1)1  Pirss.) 

PEIRCE,  B.    System,  of  Analytic  Mechanics.  4to, 

cloth  810.00 

 Linear  Associative  Algebra.  New  edition  with  addenda 

and  notes  by  C.  L.  Pierce.    4to,  cloth   .$4.00 

PERRINE,  F.  A.  C,  A.  M.,  D.  Sc.  Conductors  for  Elec- 
trical Distribution  ;  Their  Manufacture  and  Materials,  the  Calcula- 
tion of  Circuits,  Pole  Line  Construction,  Undergiound  Working  and 
other  Uses  In  Press. 

PERRY,  JOHN.  Applied  Mechanics.  A  Treatise  tor 
the  use  of  students  who  have  time  to  work  experimental,  nomerioal 
and  graphipal  ezexoises  illnslnkting  the  snbjeci  8to,  doth,  660 
pages  .net,  $2.60 

PHTTJjIPS,  JOSHUA.  Engineering  Chemistry.  A 
Praecioal  Treatise  for  the  nse  of  Analytical  Chemists,  Ibigineers,  Iron 

Masters,  Iron  Founders,  students  and  others.  Comprising  methods 
of  AnalyfiiR  and  Valuation  of  the  principal  materials  used  in  Engin- 
eering works,  with  numerous  Analyses,  Examples  and  Suggestions. 
814  ills.    Srcfynd  edition,  rrvincd  and  enlarged.    8vo,  oloth.. .  .$4.00 

PICKWORTH,  CHAS.  N.  The  Indicator  Hand  Book. 
A  Practical  Manual  for  Engineers.  Part  L  The  Indicator :  Its 
Oonstmotion  and  AppliMtion.   81  illustrations.  12mo,  oloth. .  .$1.60 
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FIOKWOBTH,  CHAB.  N.  The  Slide  Bule.  A  Prac- 
tical Mannal  of  InBtrnction  for  all  Users  of  the  Modern  Type  of  Slido 
Rale,  oontainiDg  Succiut  Explanation  of  the  Principle  of  Slide  Kulo 
ComputatioDy  together  with  Numerous  Kulea  and  Practical  Illustra- 
tions,  exhibiimg  tiie  ApplioKlion  of  linlriimeDt  to  the  Ewyday 
Work  of  the  Engrineer,— Civil,  Meohttiioal  and  EleokrioaL  12mo, 
flexible  doth.   Fijth  edUUm  80 

PIiANB  TABLE,  The.  It8  XXaes  in  Topographioal  Sur- 
veying.    From  tlio  Papen  of  the  United  Statee  Coast  Survey. 

Illustrated.     8vo,  clotli  S2. 00 

**  This  work  gives  a  description  of  the  Plane  Table  enijplojed  at  the 
United  States  Coast  Surrey  offioe,  and  the  manner  of  using  it." 


PL  ANTE,  GASTON.   The  Storage  of  Electrical  Energy, 

and  iiebcarches  in  the  EU'ects  created  hy  Gurrents,  combining  Quan- 
tity Kith  High  Tension.  Translated  from  the  French  by  Panl  B. 
Mwell.   ^mnstrations.    Ovo  $4.00 

PL AlfTNEB.  Manual  of  QualitatiTe  and  Quantitative 

Analysis  with  the  Blow-Pipe.  Fiditi  the  last  Gemian  edition,  revised 
and  enlarged,  by  Prof.  Th.  Riehter,  of  the  Koyal  Saxtm  Mining 
Academy.  Transiate4  bv  Prof.  H.  B.  Com  wall,  assisted  by  John  H. 
Caswell.  lUiistmted  with  87  woodonts  and  one  lithographic  plate. 
Seventh  edition,  revised,   560  pages.  Bvo,  oloth.  ^.00 

PLYMPTON,  Prof  GEO.  W.  The  Blow-Pipe.  A  Guide 
to  its  use  in  the  Determination  of  Salts  and  Minerals.  Commled 
from  Tarions  sonroes.   12mo,  eloth  $1.60 

  The  Aneroid  Barometer :  its  Constructiou  and  Use. 

Compiled  from  teveral  sonroes.   Fourth  edition.-  l(lmo»  boards U- 

lostrated  60 

Moroooo^  $1.00 

POCKET  LOGABITHMS.  to  Four  Places  of  Decimals, 

including  Logaritliras  of  Numbers,  and  Logarithmic  Sines  and  Tan- 
gents to  Single  Minutes.  To  which  is  added  a  Table  of  Natural 
Sines.  'J'angents,  and  Co-Tangents.    lOmo,  bounls  60 

POOLE,  JOSEPH.  The  Practical  Telephone  Hand- 
Book  fuid  Guide  to  the  Telephonic  Exchange.  268  illustrations. 
Secona  edition^  revised  and  enfargt  d.    12mo,  oloth  $1 .50 

POPE,  F.  L.  Modem  Practice  of  the  Electric  Tele- 
graph. A  Technical  Hand-Book  for  Eleotrioians,  Managers  and 
Oprrators.  Fiffr,nth  edition,  rewritten  and  enlarged,  tmd  ftUly 
iUustrated,    8to,  oloth.  $1.60 

POPPLEWELL,  W.  0.  Elementary  Treatise  on  Heat 

and  Heat  Engines.  Si^eeially  adapted  for  engineers  and  students  of 
engineering.   12mo,  oloth,  illustrated  18.00 

POWLES,  H«  H.  Steam  Boileni  (hi  J^ets.) 
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PRAT,  Jr.^  THOMAS.  Twenty  Tean  with  the  In- 
dicator; being  a  PracUoal  Text-Book  for  the  Engineer  <xrtiie  Student, 
with  no  complex  Formnlfe.    niastrated.    8 vo,  cloth  $2.50 

•        Steam  Tables  and  Engrine  Constant.  Compiled 

from  Reguault,  Rankine  and  Dixon  directly,  making  use  of  the  exact 
records.    8v(>,  cloth  S2  (»0 

PRACTICAL.  IRON  FOUNDING.  By  the  author  of 
"Flatteni  Making/'  fto.,  fto.    ninatrafted  wiin  over  <me  hvndied 

engravings.     12mo,  cloth  ^.60 

PRBEOE,  W.  H.  Bleotrio  Lamiw  (In  B-esa.) 

PREECE,  W.  H.,  and  STTJBBS,  A.  T.  Manual  of  Tele- 
phony.   IlliiHtrntions  mid  phit^^s.    Timo,  cloth  $4.60 

PREMIER  CODE.    (See  Hawke,  Wm.  H.) 
PRESCOTT,  Prof:  A.  B.    Organic  Analysis.   A  Manual 

of  the  Descriptive  and  Anul,>-iii'al  Chemistry  of  pertain  Carbon  Com- 
pounds in  Common  Use ;  a  Guide  in  the  Qualitative  and  Quantitative 
Analyns  of  'Organic  Materials  in  Commercial  and  Pharmacentioal 

Assays,  in  the  estimation  of  Impurities  under  Authorized  StamliirdH, 
and  in  Forensic  Examinations  for  Poisons,  with  Dirocfcions  for  Ele- 
mentary Organic  Analysis.    Fourth  (diCnm     8vo,  cloth  $5.00 

 Outlines  of  Proximate  Organic  Analysis,  for  the 

Ideutiiicatiou,  Sf^puratiou,  and  Quantitative  Determination  of  the 
more  commonly  ocenning  Organic  Oompoonds.  Fourth  edition, 
12mo,  doib.  . . ,  *  $1.76 

 First  Book  in  Qualitative  Chemistry.  JS^hth  ech/inn. 

12mo,  clotli  $1.50 

  and  OTIS  COE  JOHNSON.    Qualitative  Chemical 

Analysis.  A  Guide  in  tlie  Priicticid  Study  of  Chemistry  and  in  the 
work  of  Analysis.  Fourth  lull j/  rt  vistd  edition.  With  Descriptive 
Chemistry  extended  tbrongnont   «8.60 

PBITOHABB,  O.  G.    The  Manufacture  of  Electric 

Light  Carbons,   ninatrsted.   8vo,  paper.  60 

PULLEN,  W.  W.  F.   Application  of  Graphic  Methods 

to  the  Design  of  structures.  Specially  prepared  for  the  use  of  En- 
gineers. A  Treatment  by  Graphic  Methods  of  the  Foiees  and  Princi- 
ples neeessary  for  consideration  in  the  Desi}?n  of  Eugiueering  Struc- 
tures, Koofs,  Bridges,  Trusses,  Framed  Structures,  Wells,  Dams, 
Chimneys  and  Masonry  Stractorea.  12mo,  cloth.  Ptofusely  111  us- 
trated  nr^  $2.50 

PULSIFER,  W.  H.    Notes  for  a  History  of  Lead,  ^vo, 

cloth,  gilt  tops  .Sl  .OO 

PYNCHON,    Prof.   T.  R.    Introduction  to  Chemical 

Physics,  designeil  for  the  use  of  Academies,  Colleges,  and  High 
Schools.  Illustrated  with  numerous  engravings,  and  containing  copions 
experiments  with  directions  for  preparing  them.  X(  w  edition,  re- 
ri^crl  and  enlarged,  and  illustrated  by  268  illustrations  on  wood. 
8vo,  cloth  $3.00 
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BADFORD,  Liout.  CYRUS  S.  Handbook  on  Naval 
Gunnery.  Prepared  by  Authority  of  the  Navy  Department.  For  the 
TUB  of  u.  8.  "Skvj,  v.  B.  Marine  Corps  and  U.  S.  Kaval  BemaeweB. 
BeviBed  and  en]arp:ed,  vith  the  assistance  of  Stokely  MoigaD,  lieai 
X7.  S.  N.    'J  hird  tuiiHon.     12ino,  flexible  leather  |2.00 

BAFTEB,  GEO.  W.  and  M.  N.  BAKER.  Sewag^e  ]>Uh 

Disposal  in  the  United  States.    Jllnsftrations  and  folding  plates. 

S'rrf,y}fl  rdiffon.      8vO,  cloth  $6.00 

BAM,  GIIiBEBT  S.  The  Inoandescent  Lamp  and  its 

Manufacture.    8vo.,  cloth  $3.00 

BANDAIiljy  J.  E.   A  Practical  Treatise  on  the  Inean- 

descent  Lamp.   Illustrated.   10mo,  oloth.  60 

RANDALL,    P.    M.  Quartz  Operator's  Hand-book. 

New  edition,  revised  and  enlarged,  fuUy  iUmtrated,  12mo, 
cloth    $2.00 

BANKINE,  W.  J.  MACQUORN.    Applied  Mechanics. 

Compriaiiig  the  Priuciples  of  Statics  and  Cinematics,  aud  Theory 
of  Stmotuxes,  Meehaniam,  and  Maohines.  "With  nnmeroos  diagrams. 
Fifteenth  edition.    Thoroughly '  lerised  by  W.  J.  Millar.  8to, 

cloth  $5.00 

 Oivil  Engineering.  CompriBing  Engineering  Sur- 
veys, Earthwork,  Foundations,  Masonry,  Carpentry,  Metal-Work, 
Boads,  Railways,  Canals,  Rivers,  Water- Works,  Harbors,  etc.  With 
nnmerons  tables  and  Ulnstrations.  JlkoenHeth  ediHon,  Thoroughly 
raised  by  W.  J.  Millar. '  8to,  cloth  $6.60 

 Machinery  and  Millwork.  Oompriaing  the  Gtoom* 

etry,  Motions,   Work,   Strength,   Construction,    and  Objects  of 

MacbiiK'R,  etc.  Ilhistrated  with  nearly  30()  woodcuts.  Seventh  f  di- 
f  io)i.    Thoroughly  revised  by  W.  J.  Millar.    8vo,  oloth  85.00 

 The  Steam-Engine  and  Other  Prime  Movers.  With 

diagram  of  the  Mochanical  Properties  of  St^^am,  folding  plates, 
numerous  tables  and  illustrations.  Thirteenth  edition.  Thoroughly 
revised  by  W.  J.  Millar.  8vo,  oloth  ffLdO 

 Usefol  Rules  and  Tables  for  Engineers  and  OOiers. 

Wmi  appendix,  tables,  testa,  and  formulae  for  the  use  of  Electrical 

Engineers,  Comprising  Submarine  Elcctrieal  Engineering,  Electric 
Lighting,  and  Transmission  of  Power.  By  Andrew  Jamieson,  C.E., 
F.R.S.E.  Sevetith  edition.  Thoroughly  revised  by  W.  J.  Millar. 
Grown  8vo,  oloth  $A.00 

 A  Mechanical  Text  Book.   By  Prof.  MaoqaomRanldne 

and  E.  F.  B  amber,  0.  E.  With  nnmerons  illnstratiomk  Fourth 
rdifinn.     8vo,  cloth  83.50 

RAPHAEL,  F.  C.    Localisation  of  Faults  in  Electric 

Light  Mains.    Svo,  cloth  $2.00 

BECKENZAUN,  A.    Electric  Traction  on  Railways 

and  Tnmiways.    213  Illustrations,    12mo,  cloth  $4.00 
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BBED'S  ENGINEBBS'  HAND-BOOK,  to  the  Local 

Marine  Board  ExaminatioiiB  for  Certificates  of  Competency  as  First 
and  Second  Class  Eugineers.  By  W.  H.  Thorn.  With  the  answ  ers 
to  the  Elementary  i^uestions.  IIluBtrated  by  297  diagrams  and  36  large 
pUiles.    Sixteenth  edition^  revised  and  enlarged,    8vo,  ololh.  95.00 

BJSED'S  Key  to  the  Sixteenth  Edition  of  Heed's  En- 

gineer'a  Hand-book  to  the  Board  oi  Trade  Examinations  for  First  and 
Seoond  Glass  Enffineew  and  ocmtaining  the  working  of  all  the  qaea- 
tions  givoi  in  uie  eKaminatioit  p«p«n.  By  W.  H.  Thorn.  8vo, 
cloth  §8.00 

 Useftil  Hints  to  Sea-going  Engineers,  and  How  to 

Repair  and  Avoid  "  Break  Dowiih;"  also  Appendices  Containing 
Boiler  Explosions,  Useful  Formulae,  etc.  With  36  diagrams  and  4 
plates.  ^Second  edition,  rrvised  and  enlarged.    12mo,  cloth. .  .$1.40 

 Marine  Boilers,  A  Treatise  on  the  Causes  and  Pre- 
vention of  their  Priming,  with  Remarks  on  their  OeneraT  Manage- 
ment.  lUiulirated.  12mo»  oloth  $2.00 

REINHABBT,  CHAS.  W.  Lettering  for  Draftsmen, 
Engineers  and  Students.  A  I^tical  System  of  Free-hand  Lettering 
for  Working  I>»wing8.    FourVi  thoutand.   Oblong,  boards. .  .$1.00 

BICE,  J.  M.,  and  JOHNSON,  W.  W.    On  a  New 

Methotl  of  obtaining  the  Differential  of  Functions,  with  OBpecial 
reference  to  the  Newtonian  Conception  of  Rates  or  Velocities.  i2mo, 

paper  50 

BINGWALiT,  J.  L.  Development  of  Transportation 
Systems  in  the  United  States,  Comprising  a  Comprehensive  Desorip- 
tixm  ol  the  leading  features  of  advancement  from  the  oolonial  era  to 

the  present  timo.  in  water  cliaunels.  rofuls.  tiirnpikes,  canals,  railways, 
vessels,  veliicles,  cars  and  locomotives ;  the  cost  of  transportation  a 
▼arions  periods  and  places  by  the  different  methods ;  the  financial 
engineering,  mechanical,  governmental  and  popular  questions  that 

have  arisen,  and  notable  incidents  in  railway  history,  ct»nstruction 
and  operation.  With  illustrations  of  hundreds  of  typical  objects. 
Quarto,  half  morocco  $7.50 

BIPPER,  WILLIAM.    A  Course  of  Instruction  in 

Machine  Drawing  and  Design  for  Technical  Schools  and  Engineer 
Stadenta.  Witti  52  plates  and  nnmerons  explanatory  engravings* 
Folio,  cloth  $0.00 

BOEBLING.  J.  A.    Long  and  Short  Span  Railway 

Bridges,    nitistrated  witli  large  copperplate  engnmnga  ol  plans  and 

views.     Imperial  folio,  cloth  $25.00 

BOGERS,  Prof.  H.  D.    The  Geology  of  Pennsylvania. 

A  Goveniment  Survey,  with  a  General  View  of  the  Geology  of  the 
United  States,  essays  on  the  Coal  Ft>rmation  and  its  Fossils,  and  a 
description  of  the  Coal  Fields  of  North  America  and  Great  Britain. 
Illustrated  with  plates  and  engiBTiiigs  in  the  text.  8  vols,  4to,  cloth, 
with  portfolio  of  maps  $15.00 
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BOSE,  JOSHUA,  M.E.  The  Pattem-MEikers'  Assistant. 
Embracing  Lathe  Work,  Branch  Work,  Gore  Work,  Sweep  Work,  aud 
FkAotioil  C^ear  Cknufaniotioiis,  tiie  Ftrepantion  and  Use  of  Tools, 
together  with  a  laige  oolledion  of  useful  and  valuable  Tables. 
FAgfiteenth  edUion,  lUnstrated  with  260  engraTinga.  8to, 
cloth  $2.50 

 Key  to  En^^ines  and  Engine-mnnin^.   A  Practical 

Treatise  upon  the  Management  of  Steam  Engmes  and  Boilers  for 
the  Use  ox  Those  who  Desire  to  Pass  an  Examination  to  Take 

Clmrfre  of  an  Engine  or  Boiler.  Witli  numerous  illustrations,  and 
lustructious  Upon  Enginorrs'  Calculationa,  Indicators,  Diagrams, 
Engine  Adjustments,  uud  other  \'aluable  Information  necessary  for 
Engineers  and  Firemen.   12mo,  el  92.00 

SABU^E,  HOBEBT.  History  and  Progress  of  the 
Eleoirio  Telegraph.  H^th  descriptions  of  aome  m  the  appaiataa. 
Second  edition,  with  additions.   12mo,  oloth  ^  .tl<26 

SABLTZEH,  ALEX.  Treatise  on  AcoosticB  in  oonneo- 

tion  with  Yentilaldon.   12mo,  doth  $1.00 

SALOMONS,  Sir  DAVID,  M.A.  Electric-Light  Instal- 

lations.  A  Practical  Handbook.  Kh/hth  edition,  revised  and  m- 
larged  irith  tn(tn<  roi/s  il/nsfrafionn.     Vol.  I.,  The  management  of 

Accumulators.    12mo,  cloth  31.00 

Vol.  XL,  Apparatus,  296  illnstiationa.  12ma,eloth  $2.26 

Vol.  III.,  Applications,  12mo.,  doth  $1.60 

SANFORD,  P.  GBBALD.  Nitro-Explosives.  A  Prac- 
tical Treatint'  concerning  tlie  Properties,  Manufacture  and  Analysui 
of  Nitrated  Substqnccs,  including  the  Fulminates,  Smokeless  Pow- 
ders and  OeUnloid.    8vo.  cloth,  270  pages  83.00 

SAUNNIER,  CLAUDIUS.  Watchmaker's  Handbook. 
A  Workshop  Companion  for  those  engaged  in  Watchmaking  and 
allied  Meohanioal  Arts.  Translated  by  J.  Tripplin  and  R  Bigg. 
Second  editi/on,  revised  with  appendix,   12mo,  oloth  $8.60 

SCHELLEN.  Dr.  H.    MagnMo-Electric  and  Dynamo- 

Electric  Machines  :  tlioir  Constmction  aad  Prnctionl  Application  to 
Electric  Ligliting,  and  the  Transmission  of  Power.  Tranfilntefl  from 
the  third  Gormtin  edition  by  N.  S.  Keith  aud  Percy  Neymauu,  Ph.D. 
With  verr  large  additions  and  notes  relating  to  Amerioan  Madiinee,  by 
N.  S.  Keith.   Vol  1.,  with  358  illnstrationa.    Secmd  edition,,  .$6.00 

SGHTJMAlra'.  F.  A  Mannal  of  Heating  and  Ventilatw^ 

in  its  Practioal  Application,  for  the  use  of  Engineers  and  Arduteoti^ 
Embracing  a  Rcries  of  Tables  and  Formulne  for  dimensions  of  heating, 
ilow  and  return  pipes  for  steam  and  hot- water  boilers,  tlues,  eto.  l.mo, 
illnstrated,  full  roan  $1 . 50 

 Formulas  and  Tables  for  Architects  and  Engineers 

in  calculating  the  strains  and  c^Moity  of  stmotures  in  Iron  and  Wood. 
12mo,  morocco,  tucks  $1.60 

SOIENOESEBIBS^TheVanNoBtrand.  [See  List,  p.  38] 
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SCRIBNER,  J.  M.  En^eers'  and  Mechanics'  Com- 
panion. CJomprising  United  States  Weights  and  MeaanreH.  Mensn ra- 
tion of  SoperficeB  and  Solids,  Tables  of  Squares  and  Cubes,  Square 
and  Cnbe  Uoots,  Ciroamference  and  Areas  of  Ciroles,  the  Meohaiiiisal 
Powers,  Centres  of  Gravity,  Gravitation  of  Bodies,  Pendulums,  Spe- 
cific Gravity  of  Bodies,  Strength,  Weight,  and  Crush  of  MaterifJs, 
Water- Wheels,  Hydrostatics,  Hydraulics,  Statics,  Centres  of  Percus- 
sion and  Gyration,  Friction  Heat  TMm  of  tiie  Weight  of  Metrfb, 
Scantling,  etc..  Steam  and  the  Steam-Engine.  IHffenHeth  edition, 
revised.    16mo,  full  morocco  ^.  $1.60 

BEATON,  A.  E.   A  Manual  of  Marine  En^eering. 

Comprising  the  Designing,  Construction  and  Working  of  Murine 
Machinery.  With  numerous  tables  and  illustrations  reduced  from 
Working  Drawings.  Iburteenth  edition,  Bevised  throughout,  with 
an  addituinal  chapter  on  Water  Tnbe  Boflen.   Svo,  doth.  1899.  $6.00 

 and  ROXJNTHW AITE,  H.  M.  A  Focketbook  of  Ma- 
rine Engineering  Rules  and  Tablee.   For  the  nae  of  M  trine  Engineers 

and  Naval  Architects,  Designers,  Draughtsmen,  Superintendents,  and 

all  engaged  in  tlie  desiji^n  and  oonstrurtion  of  Marine  Machinery,  Naval 
and  Mercantile.  I'\ft/i  ( (iition,  revised  and  enlarged.  Pocket  size. 
Leather,  with  diagrams  S3.U0 

SEXTON,  A.  HUMBOLDT.  Fuel  and  Refractory  Ma- 
terials.   Hvo,  cloth    82.00 

SHIELDS,  J.  E.  Notes  on  Engineering  Construction. 

Embracing  Discussions  of  the  Principle's  involved,  and  Descriptions 
of  the  Material  employed  in  Tunnelling,  Bridging,  Canal  and  Bead 
BnikUng,  ete.   12mo,  oloth  91.60 

SKOCE^  WM.  H.  Steam  Boilers,  Their  Design,  Oon- 
atniotion  and  Management   4to,  half  moroooo.  $15.00 

SHBEVE,  S.  H.  A  Treatise  on  the  Strength  of  Bridges 
and  Boon.   Oompriamg  the  determination  of  Algebndo  formulae  for 

strains  in  Horizontal,  Inclined  or  Baiter,  Triangnlar,  Bowstring, 
Lenticular,  jituI  otlicr  TnisHes,  from  fixed  and  moving  loftdw,  with 
practical  applications,  and  examples,  for  the  use  of  Students  and 
£!ngineerB.   87  woodont  illns.   l^mtrth  edition,   8vo,  eloth  88.50 

8HXTNK,  W.  F.  The  Field  Engineer.    A  Handy  Book 

of  practice  m  the  Survey,  Location,  and  Truck- work  of  Bailroads,  con- 
taining a  large  oolleotion  of  Bales  and  Tablee,  original  and  aeleoted, 
applicable  to  both  the  Standard  and  Nanow  Gauge,  and  prepared 
with  special  reference  to  the  wants  of  the  young  Engineer.  Elcv*  nfh 
edHioii,  rer'tKi  fi  (iiut  '  nlargf  d.    12mo,  morocco,  tucks.  $2.50 

SIMMS,  F.  W.  A  Treatise  on  the  Principlee  and  Prac- 
tice of  Levelling.  Sliowing  its  application  to  purposes  of  Railway 
Engineering,  and  the  Construction  of  lioads,  etc.  Bevised  and  cor- 
reetod,  with  the  addition  ol  Mr.  Laws'  Piaotical  Examples  tot  setting 
oot  Bailwaj  Onrree.  Illnstrated.  8vo,  doth,  12.60 
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SIMMS.  W.  F.  Practdoal  Tunnelling.  Fourth  edition, 

reyiseaaiid  (jreatly  extended.  With  udtlitioual  chaptere  illustrating 
recent  practice  by  D.  Kinuear  Olarlk  With  36  plates  and  other  illus- 
trations.   Imperial  8vo,  oloth  $12  00 

SLATER,  J.  W.    Sewage  Treatment,  Pnriflcation,  and 

Utilization.  A  Practical  Manual  for  the  Use  of  Corporations,  Local 
Boards,  Medical  Oilicers  of  Health,  Inspectors  of  I^uisauoeB,  Chem- 
Isti,  Bfanufootiiran^  Biparian  Ownen,  Engineen,  and  Bate-payers. 
ISmo,  doth  $3.25 

SMITH,  ISAAC  W..  O.B.    The  Theory  of  DeflecUw^ 

and  of  Latitudes  and  Departures.  With  special  applications  to 
Cnrvilineai-  Surveys,  for  Alignments  of  Bailway  Iraoks.  Ulnstrated. 
16mo,  morocco,  tucks  S3. 00 

 OUSTAVTJS  W.  Notes  on  Life  Insuranoe.  The- 
oretical and  Practical.  Third  edition^  revised  and  enlarged,  8vo, 
cloth  82.00 

SNELL,  ALBION  T.    Electric  Motive  Power:  The 

'  Transmission  and  Distribution  uf  Electric  Power  by  Continuous  and 
Alternate  Currents.  With  a  Section  on  the  Applications  of  Electricity 
to  Mining  Work.   8to.  ,  doth,  illnstrated  $4.00 

SPE7ERS,  CLABENOE  L.   Text  Book  of  Physical 

•  Chemistry.    8vo,  cloth  82.25 

STAHL,  A.  W.,  and  A.  T.  WOODS.  Elementary  Me- 
<iha«wmi,  A  Text-Book  for  students  of  Mechanical  Engineering. 
Fourth  edition^  enlarged,   12mo,  doth  «  $3.00 

STALEY,  CADT,  and  PIEBSON,  GEO.  S.  The  Separ- 
ate Slystem  of  Sewerage  :  its  Theory  and  Construction.  Second  edi- 
Non»  revised,  Bto,  eroth.  With  maps,  plates  and  illnstnitioiiB.  .$8.00 

STEVENSON,  DAVID,  F.B..S.N.  The  Principles  and 
Praotiee  of  Canal  and  River  Engineering.   Beviaed  hy  his  sons  David 

Alan  St(  vt'Uhoii,  B.  Se.,  F.R.SwJeL,  and  Charles  Alexander  Stevenson, 
B.  Sc.,  F.R.S.E.,  Civil  Engineer.  Third  edition,  u^ith  17  j)fatrs. 
8vo,  cloth  810.00 

 The  Design  and  Construction  of  Harbors.  A  Treat- 
ise on  Maritime  Engineering.  Third  <  di(ioii,  vHh  2\  platen.  8vo, 
oloth  ...89.00 

STEWART,  R.  W.  A  Text  Book  of  Light.  Adapted 
to  the  lieuuiremeuts  of  the  Intermediate  Science  and  Preliminary 
Sdentiflc  Examinations  of  the  University  <rf  London,  and  also  for 
QeneralUse.  NnmeoNms  Diagrams  and  Eiionples.  12mo,doth,  $1.00 

 A  Text  Book  oi  Heat.  Illustrated.  8vo,  cloth... .$1.00 

 A  Text-Book  of  Magnetism  and  Eleotrieity.  160 

lUas.  and  Numerous  Examples.  12mo,  cloth  $1.00 
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STUiBS,  AMOS.  TablMfbrFialilBiigiiieeni.  PfHrigfind 

for  uae  in  the  field.    Tables  contaanin^  all  the  fuuotions  of  a  one 

deg^ree  cnrve,  from  which  a  correRponding  one  can  be  found  for  any 
required  degree.  Also,  Tables  of  Natural  Smea  and  Taugeuts.  12mo, 
morocco,  tuoks  9^00 

8TILLMAN,  PAUL.    Steam-Engrine  Indicator  and  the 

Improved  Manometer  St^'am  and  Vacuum  Ganges ;  their  Utility  and 
Application.    New  edition.    12mu,  flexible  cloth  $1.00 

STONE,  General  HOT.  New  Roads  and  Road  Laws  in 

th>'  United  States.  200  pages,  with  ntuneious  illustratioDS.  12mo, 
cloth  $1.00 

STONET,  B.  D.  The  Theory  of  Streeees  in  GMrdem 

and  Siniiliir  Structures.  With  observations  on  the  application  of 
TlKK>ry  to  Practice,  and  TnbleH  of  Strength,  and  other  properties  of 
Materials.  New  revised  edition,  with  numerous  additions  on  Graphic 
Statios,  Pillars,  Steel,  Wind  Pressure^  Osoillatuiff  Stresses,  Working 
Loads,  Riveting,  Strength  and  Tests  of  BfateriaEB.  8vo,  777  pages, 
148  ilinstrationB,  and  5  folding  plates  $12.50 


STUART,  C.  B.  U.  S.  N.  Lives  and  Works  of  CivU 
and  Military  Engineers  of'  Ameriea.  #V7ith  10  steel-plate  engravings. 
8vo,  doth  $SJQO 


  The  Naval  Dry  Docks  of  the  United  States. 

Illastrated  with  24  fine  Engravings  on  Steel.    Fourth  edition.  4to, 

olbth  $6.00 

SWEET,  S.  H.    Special  Report  on  Coal,  showing  its 

Distribution,  Clussiticatiou,  and  Costs  delivered  over  diilerent  routes 
to  Tarions  points  in  the  Sti^  of  New  Tork  and  the  principal  oities  on 
the  Atlantie  Coast   With  maps.  8vo,  doth.....  98.00 

SWINTON,  ALAN  A.  CAMPBELL.    The  Elementary 

Principle  of  Electric  Fiighting.    Illustrated.    r2mo,  cloth  fiO 

TEMPLETON,  WM.    The  Practical  Mechanic's  Work- 

nhop  (%)ni])inii< »n.  ('<)nij)ri8iupj  a  preiit  variety  (»f  the  most  useful 
rules  and  formuhe  in  Mechanical  {Science,  with  numerous  tables  of 
wadical  data  and  caleolated  results  facilitating  meehanical  operations. 
Bevised  and  enlarged  by  W.  S.  Hatton.  12nio,  morocco.  $2.00 

TfiOM,  CHAS.,  and  WILLIS  H.  JONES.  Telegraphic 
.  Connections:  embracing  Recent  Methods  in  Quadruplex  Telegraphy. 
Oblong,  8to,  doth.   20  fall  page  plates,  some  colored  $1.50 

THOMPSON,  EDWARD  P.,  M.  E.  How  to  Make  In- 
ventions ;  or,  Inventing  as  a  Science  and  an  Art.  A  l*ractical  Guide 
f or  Inrentors.   Second  edition,    8to,  boards  $1.25 
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THOMPSON,  EDWABD  P.,  M.  E.  Roentgen  Kays 
and  Phenomena  of  the  Anode  and  Cathode.  Principles,  Applications 
and  Theories.  For  Students,  Teachers,  Physicians,  Photographers, 
Electricians  and  others.  Aesiated  by  Louis  M.  Pignolet,  N.  D.  C. 
Hodges,  and  Ludwig  Giitmanu,  E.  E.  With  a  Chapter  on  Generali- 
zations, Arguments,  Theories,  Kindred  Radiations  and  Phenomena. 
Bj  PzofesBor  ^m.  Anthony.  8to,  eloth.  50  Diagnau,  40  Half 
tonae.  $1.60 

TODD,  JOHN  and  W.  B.  WHALL.  Practical  Seaman- 

ehip  for  Use  in  the  Merchant  Service  :  Inoluding  all  ofdinary  sub- 
jects ;  also  Steam  Seamanship,  Wreck  Lifting,  Avoiding  Collision, 
Wire  Splicing,  Displacement,  and  everything  necessary  to  be  known 
fay  seamen  of  the  jpfesent  day.  Second  €diHon,  with  247  UlusirtUioiu 
and  diagrams,  8vo,  doth.  $8.40 

TOOTHED  QEABINO.     A  Practical  Hand-Book  fbr 

Offices  and  Workshops,  ^y  »  Pnreman  Patternmaker.  184  lUustra- 
tions.   12mo,  doth  82.25 

TB.ATMAN,  E.  B.  BUSSELL.  Railway  Track  and 
TradL-Work.  With  over  two  hundred  iUuatrationa.   8vo,  doth.$3.00 

TRE  VEBT,  EDWARD.  How  to  build  Dynamo-Electric 

Machiuerv,  embracing  Theory  Designing  and  Construction  of  Dy- 
namos and  Motors,  With  i^pendices  on  Field  Magnet  and  Armature 
W^indiug,  Management  uf  Dynamos  and  Motors,  and  Useful  Tables  of 
Wire  Oangee.   Illostrated.   8to,  doth  $2.50 

 Electricity  and  its  Recent  Applications.  A  Practi- 
cal Traatiae  for  Stndenta  and  Amatemn,  with  an  Olnatrated  Diotionazy 
of  Eleotrioal  Tenna  and  Phraaea.  lUnatrated.   12nu^  doth.. 82.00 

TUOKEB,  Dr.  J.  H.  A  Manual  of  Sugar  Aiial3nii8,  in- 

duding  the  ApplicationH  in  General  of  Analytical  Methods  to  the 
Sugar  Indnstrv.  W^ith  an  Introduction  on  the  Chemistry  of  Cane 
Sugar,  Dextrose,  Levuloee,  and  Milk  Sugar.  8vo,  cloth,  illus- 
tn^  ,  83.50 

TUMLIRZ,  DR.  O.  Potential  and  its  Application  to 
the  Explanation  of  Electric  Phenomena,  Popularly  Ideated.  Trans- 
lated nom  the  Qerman  by  D.  Robertson.  lU.   12mo,  doth. . .  .8L25 

TUNNER,  P.    A.   Treatise  on  BoU-Tnming  for  the 

Manufacture  of  Iron.    Translatcnl  and  adapted  bj  John  B.  Pearse.  of 

the  PcnnByh  aiiia  St<'rl  Works,  with  nnmerons  engravinga,  woodcuts. 
8vo,  cloth,  with  folio  atljis  of  plates  $10.00 

URaUHART,  J.  W.  Electric  Light  Fitting.  Embody- 
ing Practical  Notos  on  Installation  Managemont.  A  Hand-book  for 
W^orking  Electrical  Engineers — with  numerous  illustrations,  12mo, 
doth  82.00 

 Electro-Plating.    A  Practical  Hand  Book  on  the 

Deposition  of  Oopper,  SilTcr,  Nickel,  Oold,  Brass,  Alomininm,  Flat- 
ininum,  etc.    Third  edition.    12mo.  12.00 
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XJBQtTHABT,  J.  W.  Bleotrotyping.  A  Praotloal  Man- 
ual forming  a  New  aud  SyHtematio  Guide  to  the  Beftfodnotion  and 
Mnltiplioalaoii  of  Printrng  SurfMee,  etc   12mo  $2.00 

 Dynamo  Construction:  a  Practical  Hand-Book  fcxr 

the  Use  of  Engineer  Constructors  and  Electricians  in  Cliarge,  em- 
bracing Frame  Work  Building,  Field  Magnet  und  Armature  Winding 
and  Grouping,  Compounding,  etc..  with  Examples  of  Leading  Eng- 
lish, American  and  Continental  Djnftmoe  Mid  Moioni,  with  nnmeroas 
12mo,  doth.  $8.00 


 Electric  Ship  Iiigrlitinfir.    A  Hand-Book  on  the 

Practical  Fitting  and  Running  of  Ship's  Electricjil  Plant.  For  the  Use 
of  Ship  Owners  and  lJuilders,  Marine  Electricians  and  Sea  Going 
Engineers- iu-Charge.  Numerous  illustrations.  12mo,  cloth  $3.00 

UNIVERSAL  TELEGRAPH  CIPHER  00lXb2.  Ar- 
ranged for  General  Oorrespondeuoe.   12mo,  cloth.*  r.  $1.00 

VAN  HETJBCE,  Dr.  HENRI.    The  Microscope,  Ita 

Construction  and  Management,  including  Technique,  Photo-Micro- 
graphy and  the  Past  and  Future  of  the  Microscope.  English  edition 
re- edited  and  augmented  by  the  Author  from  the  fourth  French 
edition,  and  translated  by  Wynne  K.  Baxter,  F.B.M.8.  8  Plates  and 
QpWBKds  of  260  Illustrations.   Imperial  8to,  cloth  $7.00 

VAN  NOSTBAND'S  Engineering  Magagina,  Com- 

glete  sets,  1869  to  1 886  inclusive. 
k)mplete  sets,  35  vols.,  in  cloth  $00.00 

Complete  set«,  35  vols.,  iu  half  mt>rocco   100.00 

VAN  WAGENEN,  T.  F.  Manual  of  HydrauHc  Mining. 

For  the  Use  of  the  Practical  Miner,  llevised  and  enlarged  edilion, 
18mo,  oloth  $1.00 

WALKER,  W.  H.  Screw  Propulsion.  Notes  on  Screw 
Propulsion,  its  Rise  and  History.    8vo,  cloth  76 

WALKER,  SYDNEY  F.  Electrical  Engineering  in 
Our  Homes  and  Workshops.  A  Fiaetioal  Treatise  on  Anziliaiy  Eleo- 
trioal  Appaxatns.  Third  edition,  revised,  with  numerouB  illu^fnt- 
tUms  $2.00 

— —  Electric  Lighting  for  Marine  Engineers,  or  How  to 

Light  a  Ship  by  the  Electric  Light  and  How  to  Keep  the  Apparatus 
in  Order.    103  illuHtrations,    8vo,  cloth.    St<'0)id  i  dition  §2.0<) 

WALLIS-TAYLER,  A,  J.  Modem  Cycles,  A  Practi- 
cal Handbook  on  Their  Construction  and  Hepair.  With  300  illustra- 
tions,   8vo,  cloth    S4.00 

  Motor  Cars,  or  Power  Carriages  for  Common 

Roads.    8vo,  cloth,  with  numerous  illustrations  $1.80 

 Bearings  and  Lubrication.    A  Handbook  for  every 

nser  of  Machinery.    8vo,  cloth,  fully  illustrated  ^l.bO 
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'  WAIiLiIS-TAYLER,  A.  J.  Refriiferating  and  Ice- 
Making  Machinery.  A  DeeoriptiTe  Treatise  for  the  use  of  persons 
employing  tefrigerating  and  iod-makiiig  inrtftUatioM  and  othera. 
8vo,  oloth,  illoateated..,  18.00 

,   Sugar  Machinery.  A  Defloriptive  Traatifle,  De- 
voted to  the  Mnohinery  and  Apparatus  osed  in  the  Mfuiafaotnze  of 

Cane  and  Beet  Sagars.    12rao,  cuoth,  ill  f2.00 

WANKLTN,  J.  A.   A  Practioal  Treatise  on  the  Exam- 
ination of  Milk  and  its  DedvatiTes,  Oream,  Batter,  and  Oheese. 

12mo,  cloth   SI. 00 

Water  Analysis.   A  Practical  Treatise  on  the  Bx- 


aniiiiatiou  <»f  Potable  Water.     !'(  nth  (  dit ion.     I'imo,  cloth ...  ,  $2.00 

WANSBROUGH,  WM.  D.  The  A.  B.  0.  of  the  Differ- 
ential Calculus.    12mu,  cloth  SI. 50 

WARD,  J.  H.  Steam  for  the  Million.  A  Popular  Treat- 
ise on  Stoiiin,  HUil  itn  applicatiou  to  the  Useful  Art«,  esj^ecially  to 
Navigation.    8vo,  cloth  81.00 

WARING,  GEO.  E.,  Jr.    Sewerage  and  Land  Drainage. 

Illustrated  with  wood-cuts  in  the  text,  aud  full-page  aud  folding 
platee.    Quarto.   Cloth.     Third  edition  $6.00 

  Modem  Methods  of  Sewage  Disposal  for  Towns, 

Public  Institatkma  and  leolatod  Houses.  Second  edUUm,  revi§ed 
and  enlarged.   260  pages.   Illastrated.  doth  $2.00 

How  to  Drain  a  House.    Practical  Information  for 


HoQseholdcn.   Nfw  and  enlarged  edition.    12mo,  doth  •liUS 

WATSON,  E.  P.  Small  Engines  and  Boilers.  A  man- 
ual of  Concise  and  Specitic  Directions  for  the  Construction  of  Small 
Steam  Engines  and  Boilers  of  Modem  Types  from  fire  Horse-power 
down  to  model  sizes.  12mo.  cloth.  Illustrated  with  Nnmerous 
Diagrams  and  Half  Tone  Cuts.    New  York,  18<>9  $1.25 

WATT,  ALEXANDER.  Electro-Deposition.  A  Prac- 
tical Treatise  on  the  ElectrolyniH  of  Gold,  Silver,  Copper,  Nickel,  aud 
other  Metals,  with  Descriptions  of  Voltaic  Batteries,  Magneto  aud 
Djnamo-Electric  Machines,  Thermopiles,  and  of  the  Uaterials  and 
Processes  used  in  every  Department  d  tlie  Art,  and  sereral  chapters 
on  Electro- Metallurp:y.  With  numerous  illnstrations.  Third  edition, 
Ti  rix'fi  and  cor/  r<  frd.    Crown,  8vo,  OOH  pages  $3.50 

—  Electro-Metallurgy  Practically  Treated.  Tenth 

edition ,  rouftidt  I'ftlilf/  >ii/(irf/*  d.    12mo,  cl  SI. 00 

 The  Art  of  Soap- Making.    A  Practical  Handbook 

of  the  Manufacture  of  Hard  and  Soft  Soaps,  Toilet  Soaps,  SiC.  In- 
cluding many  New  Processes,  and  a  Chapter  on  the  Recovery  of 
Glycerine  from  Waste  Lyes.  With  illnstrations.  Fourth  edition, 
rcvisf  d  and  enlarged.   8vo.  $8.00 
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WATT,  ALEXANDEIl.  The  Art  of  Leather  Manufact- 

ure.  Being  a  Praotioal  Handbook,  in  which  the  Operations  of  Tan- 
ning, Gnrrjing,  and  Leather  Dressing  are  Fully  Described,  and  the 
Principles  of  Tioniiig  Ezplainad,  and  many  Beoent  PtooMooa  Intaro- 
dnoed.  With  nmnoroiui  iUnstralioiuk  JSeeond  edUUm,  8vo,  dl.$4.00 

WBAIiE,  JOBOr.    A  Diotloiiary  of  Tamui  XTsed  In 

Architeotnre,  Bnildixig,  Engineering,  Mining,  Metallugy,  Archaelogy, 

the  Fine  Arte,  etc.,  with  explaimtory  observab'ons  connected  with 
applied  Science  and  Art.  jFiffh  edition^  revised  and  coj-rcrfrd, 
12mo,  cloth  $2.50 

Weale's  Budimentary  Soientiflo  Sacies,  [see  list,  p.  38.J 

WBBB,  HBBBflBT  LAWS.    A  Practical  Guide  to 

the  Tetliiiig  of  Tnwilaled  Wlies  and  OabUB.  Bliutrated.  12rao. 
doth  tl.00 

 The  Telephone  Hand  Book.    128  lUnstnitioiis.  146 

pageA.  16ina,  do4h  $1.00 

WEEKES,  B.  W.  The  Design  of  Alternate  Current 
TnnBformera.   Illiistnted.   12mo»  oloih  $1.00 

WEISBACH,   JULIUS.    A  Manual   of  Theoretical 

MechuuioB.  Eighth  American  edition.  Translated  from  the  fourth 
augmented  and  impioved  Gcnnan  edition,  with  an  Introdnotian  to 

the  Cftlcnhis  by  Ikikley  B.  Coxe,  A.M.,  Mining  Engineer.  1,100 

pages,  and  902  woodcut  illustrations.    Svo,  cloth   $6.00 

Sheep  7.50 

WESTON,  EDMUND  B.     Tables  Showing  Loss  of 

Head  Due  to  Friction  of  Water  in  Pipes.  6'ccoTid  edition,  ]2mo. 
doth  $1.60 

WEYMOUTH,  F.  MABTEN.  Drum  Armatures  and 
Oommntatora.  (Theory  and  Pmelioe.)  A  oonmlele  Trealiae  on  the 
Theory  and  C!onBtniotion  of  Drum  Winding,  and  of  oomnmtatoni  for 

closed-c^il  armatures,  together  with  a  full  roHiime  of  some  of  the  prin- 
cipal pointe  involved  in  tiieir  design,  and  an  exposition  of  armature 
re-actions  and  sparking.    8vo,  doth    83.00 

WEYRAUCH,  J.  J.  Strengrth  and  Calculations  of 
Dimensions  of  Iron  and  Steel  Goustruction,  with  reference  to  the 
Latest  Experiments.    12mo,  cloth,  plates  $1.00 

WHEELER,  Prof,  J.  B.  Art  of  War.  A  Course  of 
Instruction  in  the  Elements  of  the  Art  and  !:|uieiice  of  War,  for  the 
Use  of  the  Oadeteof  the  United  States  Militaiy  Aeademy,  West  IVnnt, 
K.  T.  12mo,  doth.  $1.76 

  Field  Fortiflcations.    The  Elements  of  Field 

FortificaiioiiH,  for  the  Une  of  the  Cadeta  of  the  United  States  Milit^irv 
Academy,  Weat  Pcnnt,  N.  Y.    12mo  $1.75 
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WHIPPLE,  S.,  C.  E.  An  Elementary  and  Practical 
Traaiige  on  Bridge  Bnilding.    avo,  doth  $3.00 

WILKINSON,  H.  D.  Submaxiiie  Cable-Layiiig,  He- 
pairing  and  Testing.  8yo,  eioth  „  9^00 

WILLIAMSON,  B.  S.    On  the  Use  of  the  Barometer  on 

Surveys  and  BeoomtoiBBonceB.  Part  L  Meteorology  in  its  Coimoctiou 
wHh  Hypaometry.  Bart  II.  Barometrio  HjpMnnfiliy.  With  JDlm- 
tnlife  tables  and  engnmngs.  4to,  oloth.  ti5j00 

—  Fnustioal  Tables  In  Meteorology  and  ^momatry, 

in  orameotion  with  the  nee  of  the  Barometer.  4to,  dotb  tS.60 

WILSON,  GEO.  Inorganic  Chemistry,  with  New  No- 
tation. Keviseil  uud  enlarged  by  U.  ii.  Mudau.  Nmu  edition. 
12mo,  cloth  $2.00 

WILLTOX7VO,  E.G.,  and  W.'M.  STONE,  Ph.  D.  Bleo- 
~  Instrainents and'MeasnrementB.   12mo, oL  2  vols... ./n Prssa. 


WOODBURY,  D.  V.  Treatise  on  the  Various  Elements 
of  Stability  in  the  Well-rropoitioued  Aroli.    8vo,  hull  moroooo..$4.00 

WBIGHT^  T.  W.  A  Treatise  on  the  Adjustment  of 
Observatunis.  With  appliostions  to  Oeodetio  Work,  and  other  Meas- 
nies  of  PkeeirioD.    8vo,  doth  flOO 

—  Elements  of  Mechanics ;  including  Kinematics, 

Kinetics  and  Statioa.    With  uppliiuitions.   8vo,  cloth  $2.50 

WYIJE,  CLAUDE.  Iron  and  Steel  Founding.  Illue- 

trnteil  with  89  diagrams.  Secottd  edition,  revi$€d  ana  enlarged. 
8vo,  doth.  6.0^ 

W7NK00P,  BICHABD.     Vessels  and  Voyages,  as 
Begnlated  by  Federal  Btatntea  and  Treasury  Instroofcions  and  Ileds- 
8to^  doth  $8.00 


YOUNG,  J.  ELTON.  Electrical  Testing  for  Telegraph 
Engineers,  with  Appeudioes  consisting  of  Tables.  8to,  doth,  illus- 
tiated  $4.00 

YOUNG    SEAMAN'S    MANUAL.      Compiled  from 

Various  Authorities,  and  llluHtiatod  with  Nuiut  nms  Original  mid 
Sdect  Designs,  for  the  Use  of  the  Uuited  Stuti  h  I  niiniug  Ships  and 
the  Marine  Schools.   Sro,  half  roan  $8.00 
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Catalogue  of  the  Van  Nostrand 

Science  Series, 


'T^EY  are  put  up  in  a  uniform,  neaty  and  attractive  form.  iSma, 
JL     hoards.    Price  50  cents  per  volume.     The  subjects  arc  of  an 

iminently  scientific  diaracter,  and  embrace  a  wide  rattle  0/  topics,  and 

mri  amply  iilusiraied  when  the  subject  demands. 

No.  X.  CHIMNEYS  FOR  FURNACES  AND  STEAM-BOILERS. 
By  R.  Armstrong.  C.E.  Third  American  edition,  revised  and  partly 
rewriiten.  with  aa  appendix  on  Theory  of  Chimney  Draught,  by  F.  E. 

Idell,  M.E. 

No.  2.    STEAM-BOILER  EXPLOSIONS.  By  Zerali  Colbum.  New 

etlition,  rt  vised  by  Prof.  R.  H.  Thurston. 

No.  3.  PRACTICAL  DESIGNING  OF  RETAIN INQ-WALl-a 
iiy  Arthur  Jacob,  A.B.  Second  edition,  revised,  with  additions  by  Frot 
W.  Cain. 

Na  4.  PROPORTIONS  OF  PINS  USED  IN  BRIDGES.  Second 
edition,  with  appendix.    By  Charles  E  Bender,  C.E. 

No.  5.    VENTILATION  OF  BUILDINGS,    m  W.  F.  Butler.  Second 

edition,  It  edited  and  cularv^ed  liy  James  L.  (rreenlcaf.  C.E. 

No.  6.    ON    THE    DESIGNING    AND    CONSTRUCTION  OP 
.SrOKA(;E  KESICKVOIRS.    liy  Arthur  Jacob,  A.H.    .Second  edition*  • 
revised,  with  additions  by  E.  Sherman  Gould. 

No.  7.   SURCHAROED  AND  DIPFBRBNT  FORMS  OP  RB- 

TAINING-W A  LLS.   «y  James  S.  Tate,  C.E. 

N0.8.  A  TRBATISB  ON  THE  COMPOUND  ENGINE.  By  John 
Turnbull,  jun.   Second  edition,  revised  by  Prof.  S.  W.  Robinson. 

No.  9.    A  TREATISE   ON   FUEL.     Bv  Arthur  V.  Abbott,  C.E. 

Founded  on  the  oriyinal  treatise  of  C.  William  Siemens,  D.C.L. 

No.  10.  COMPOUND  ENGINES.  Translated  from  the  French  of  A. 
Mallet.  .Second  edition,  rc\  i.scil,  with  Results  of  American  Practice,  by 
Richard  H.  Buel,  C.E. 

No.  XI.  THEORY  OP  ARCHES.   By  Prof.  W.  Allan. 

No.  12.  A  THEORY  OF  VOUSSOIR  ARCHES.  By  Prof.  W.  E. 
Cain.   Second  edition,  revised  and  enlarged.  IllnstraCad. 

Na  13.  OASES  MET  WITH  IN  COAL-MINES.  13y  J.  J.  AfkiniM 
Third  e«lit{on«  tevised  and  enlarged  by  Edward  H  Williams,  jun. 
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Ho.  14.    FRICTION  OF  AIR  IN  MINES.    By  J.  J.  Atkinson. 

No.  15.    SKEW  ARCHES.    By  Prof.  E,  W.  Hyde,  C.E.  Illustrated 

No.  16.  A  GRAPHIC  METHOD  FOR  SOLVING  CERTAIN 
ALGEBRAIC  EQUATIONS.  By  Prot  George  L.  Vow. 

Na  17.  WATBR  AND  WATBR-SUPPLY.  By  Proi  W.  H.  CorfieU 
01  th«i  University  Collie,  London. 

No.  18,   SEWERAGE  AND   SEWAGE  PURIFICATION.  By 

M.  Ml  Baker,  Assoc.  Ed.  Engint-fi  itt^^  News. 

No.  19.    STRENGTH    OF    BEAMS    UNDER  TRAN8VSRSB 

LOADS,    By  I'rof.  W.  Allan,  author  of  "  Thcny  of  Arches." 

No.  ao.  BRIDGE  AND  TUNNEL  CENTRES.  By  John  B.  Mc 
Master,  C.E. 

No.  ai.   SAFETY  VALVES.   By  Richard  H.  Bael,  C.E.  Second  edidon. 

No  aa.    HIGH  MASONRY  DAMS.    By  E.  Sherman  Gould.  C.E. 

No.  33.  THE  FATIGUE  OP  METALS  UNDER  REPEATED 
STRAINS.  Witli  Various  Tables  of  Results  and  Experimeats.  From 
the  German  of  Prof.  Ludw^g  Spangenboigh,  with  a  Preface  by  S.  XL 

Shrcvc,  A.M. 

Naa4.    A    PRACTICAL    TREATISE    ON    THE    TEBTH  OF 

VVIIF:i:LS.    Ws  I'rof.  S.  W.  Robinson.    vSecond  cdilion,  revised. 

No.  25.  ON  THE  THEORY  AND  CALCULATION  OF  CAN- 
TILEVER BRIDGES.    By  R.  M.  Wilcox,  Ph.B. 

No.  a6.  PRACTICAL  TREATISE  ON  THE  PROPERTIES  OF 
CONTINUOUS  BRIDGES    By  Charles  Bender,  C  E. 

Naay.   ON    BOXLBR   INCRUSTATION    AND  CORROSION 
Hy  F.  J.  Rowaa.   New  edition,  revised  and  partly  rewritten  by  F.  k. 

Idell,  M.  E. 

NaiS.   TRANSMISSION    OF    POWER    BY    WIRE  ROPES 
By  Albert  W.  Stabl,  U.S.N.  Second  edition. 

No.  ag.  STEAM  INJBCTORS.  Translated  from  Che  French  ml 
M.  Leon  PocbeL 

No.  30-    TERRESTRIAL  MAGNETISM.  AND  THB  MAONBT* 
^iSM  OF  IRON  VIlSSELS.   By  Prof.  Fairman  Rogers. 

JIaai.  THE  SANITARY  CONDITION  OF  DWELLING- 
HOUSES  IN  TOWN  AND  COUNTRY.  By  George  £.  Waring,  joa 

No.  as-   CABLE-MAKING  POR  SUSPENSION  BRIDGES.  Bi 

W.  Hildenbrand,C.ii. 

Na  33._  MECHANICS  OF  VENTILATION.  By  George  W.  Rafter. 

C.fc..    New  edition  (1895),  revised  by  author. 

No. 34-  FOUNDATIONS.  By  ProL  Jules  Gaudard,  C.E.  Translated 
from  the  French. 

Nat«.  THE  ANEROID  BAROMETER:  ITS  CONSTRUC- 
TION AND  USE.   Compiled  by  George  AV.  Plympton.    Fourth  edition 

No. ^6.    MATTER  AND  MOTION.    By  J.  Clerk  Maxwell  M.A. 
.Second  American  edition. 
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Has?.    GEOGRAPHICAL  SURVEYING:  ITS  USES,  MBTH- 

ODS,  AND  RESULTS.    By  Frank  Dc  Vcaux  Carpenter,  C.E. 

NaaS.    MAXIMUM  STRESSES  IN   FRAMED  BRIDOSS.  By 

Prof.  William  Cain,  A.M^  C.E.  New  and  revised  edition. 

No. 30.   A    HANDBOOK    OP     THE  ELECTRO-MAQNETIC 
TELEGRAPH.  By  A.  E.  Lorng. 

Na  49.  TRANSMISSION  OP  POWBR  BY  COMPRB8SBD  AIR. 

^  Robert  Zahner,  M.E.  Second  edition. 

No.  4Z.   STRENGTH  OF  MATERIALS.  By  WillUm  Kent,  C.E., 

Assoc.  Ed.  Enj;inet'riru:  News. 

NOb4a.    VOUSSOIR  ARCHES  APPLIED  TO  STONE  BRIDGES, 

TUNNELS.  CULVERTS,  AND  DOMES.    Uy  Prof.  William  Cain. 

No.  43.   WAVE  AND  VORJEX  MOTION.   By  Dr.  Thomas  Craig o£ 
Johns  Hopkins  University. 

Na  44.   TURBINB  WHBBX«S.   By  Pn>L  W.  P.  Trowbridge,  CoImnbU 
College.   Second  edition. 

Now       THBRMODYNAMICS.  By  Prat  H.  T.  Eddy,  Univenilj  dL 

Cindnnati 

No.  At.    ICE-MAKING  MACHINES.    New  edition, , revised  and  ea- 
Targed  by  Pr')f.  L  E.  Denton.    From  the  French  of  M.  Le  Doux. 

No^47.    LINKAGES;  THE   DIFFERENT  FORMS  AND  USBS 

OF  ARTICULATED  LINKS.    Hy  J.  D.  C.  dc  koos. 

No. 48.    THEORY   OF   SOLID  AND  BRACED  ARCHES.  By 
William  Cain.  C.E. 

No.  JO..  ON  THB  MOTION  OP  A  SOUD  IN  A  PLUID.  By 

Thomas  Craig,  Ph.D. 

No.  50.    DWELLING-HOUSES:     THEIR     SANITARY  CON- 
STRUCTION AND  ARRANGEMENTS.    By  Prof.  W.  11.  Corfield. 

No.  51.    THB  TELESCOPE:  ITS  CONSTRUCTION,  BTC.  By 

Thomas  Nolan. 

No.5a.   IMAGINARY  QUANTITIES.   Translated  from  the  French  of 
M.  Argand.    By  Prof.  Hardy. 

No.  53.    INDUCTION  COILS:  HOW  MADE  AND  HOW  USED. 
Fifth  edition. 

No.S'l'   KINEMATICS  OP  MACHINERY.   By  Prof.  Kennedy.  With 
an  introduction  by  Prof.  R.  H.  Thurston. 

No.<s.  SBWBR  QASBS:  THBIR  NATURE  AND  ORIOIN.  By 

A.  de  Varona. 

NagB.  THB  ACTUAL  I^TBRAL  PRB8SURB  OP  BARTH* 
WORK.  By  Benjamin  Baker,  M.lMtC.£. 

No.  57.   INCANDESCENT  ELECTRIC  LIGHTING.   A  Practical 

Dcscrif>tion  of  the  Edison  System.    By  L.  H.  Latimer,  to  which  is 

addcil  thf  Dt  sitrn  and  Oprrniion  of  Iiirandcsccnt  Stations,  by  C.  J. 
Field,  and  the  ALixunum  EUicicncy  of  incandescent  Lamps,  by  John 
W,  Howell. 

No.  K8.   THE  VENTILATION  OP  COALMINES  By  W.  Fairley. 
Af  •£  •  F.S.S. 
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Mo.  59.    RAILROAD  ECONOMICS;  OR,  NOTES,  WITH  COM- 
MENTS.   By  S.  W.  Robinson,  C.E. 

No.  60.    STRENGTH  OF   WROUGHT-IRON    BRIDQB  IIBII- 
BERS.   By  S.  W.  Robinson.  C  K. 

No.  61.  POTABLE  WATER  AND  METHODS  OF  DETECT- 
ING IMPURITIES,    liy  M.  N.  Baker.  l»h.B. 

No.  Ok  THE  THEORY  OP  THE  OAS-BNGiNB.  By  Dugald  Clerk. 
Second  edition.  With  additional  matter.  Edited  by  F.  E.  Idell,  M.E. 

No.  63.  HOUSE  DRAINAGE  AND  SANITARY  PLUMBING. 
By  W.  P.  Gerhard.  Seventh  edition,  revised. 

No.  €4-  ELECTRO-MAGNETS.  ByTh.dy  MoaoeU  2d  revised  edition. 

No.  65.   POCRBT  LOGARITHMS  TO  FOUR  PLACES  OF  DBCt- 

MALS. 

No.  66.    DYNAMO-ELECTRIC  MACHINERY.   By  S.  P.  Thompson. 

With  notes  by  F.  L.  I*o|)C.    Third  edition. 

Na  67.   HYDRAULIC    TABLES    BASED    ON  "KUTTBR'S 

FORMULA.**    By  P.  J.  Flynn. 

No.  68.  STEAM-HEATING.  JJy  Robert  Driggs.  Second  edition, revised. 
With  additions  by  A.  R.  Wolff. 

No.  60.  CHEMICAL  PROBLEMS.    By  Prof.  J.  C.  Poye.  Fbnrth 

edition,  revised  and  enlarged. 

No.  70.  EXPLOSIVE  MATERIALS.  The  Phenomena  and  Theories 
of  Exph>f;i{>n,  and  the  Classification,  Constitution  and  Preparation  of 

Explosives.     By  First  Lieut.  John  1'.  Wisser.  I'.S.A. 

No.  71.  DYNAMIC  ELECTRICITY,  liy  John  Hoplcinson,  J.  A. 
Schoolbrcd,  and  R.  E.  Day. 

No.  7a.  TOPOGRAPHICAL  SURVEYING.  liy  (ieorge  J.  Spccht, 
rtcL  A.  S.  Hardy,  John  B.  McMastcr.  and  H.  F.  Walling. 

No.  73.  SYMBOLIC  ALGEBRA;  OR.  THE  ALGEBRA  OP 
ALGEBRAIC  NUMBERS.   By  Prof.  W.  Cain. 

No.  74.  TESTING  MACHINES :  THEIR  HISTORY,  CON- 
STRUCTIpN.  AND  USE.   By  Arthur  V.  Abbott. 

No.  75.  RECENT  PROGRESS  IN  DYNAMO-BLBCTRIC  MA- 
CHINES. Iteinc^  a  Supplement  to  Dynamo>£lectric  Machinery.  Bf 
Prof.  Sylvanus  i*.  Thompson. 

No.  76.    MODERN  REPRODUCTIVE  GRAPHIC  PROCBSSBa 

^y  Lieut.  James  S.  Tettit*  U.S.A. 

No.  77.  STADIA  SURVEYING.  The  Theory  ot  Stadia  MeasttrcmenlB. 
By  Arthur  Winslow. 

No.  78.   THE  STEAM-ENQINE  INDICATOR,  AND  ITS  USE 

By  W.  li.  Le  V  an. 

No.  79.   THE  FIGURE  OF  THE  EARTH.    By  Frank  C.  R«6en%C.E. 

No.  8a  HEALTH  y  FOUNDATIONS  FOR  HOUSES.  By  den 
Brown 
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Mo.  8i.  WATER  METERS:  COMPARATIVE  TESTS  OP 
ACCURACY,  DELlVKkY,  KTC.  Distiuciive  leaiures  o£  the  Worth- 
ington,  Kennedy,  Siemens,  and  Hesse  meters,    liy  Ross  E.  Browne. 

NaSa.  THB  PRESERVATION  OF  TIMBER  BY  THE  USB 
OF  ANTISEinriCS.    Ily  Samuel  Uagster  Boulton,  C.K. 

No.  &U  MECHANICAL  INTEGRATORS.  Uy  VioL  Ilcnry  S.  H. 
Shawt  C.E. 

No.  84.  FLOW  OF  WATER  IN  OPEN  CHANNELS,  PIPES, 
CONDUITS,  SEWERS.  ETC.   With  Tables.   By  P.  J.  Flynn,  C.E. 

No.  85     THE  LUMINIFEROUS  iETHER.    Hy  I'r..f.  dc  Vt.Iscn  WckkL 

No.  86.  HAND-BOOK  OF  MINERALOGY;  DETERMINATION 
AND  DESCKIITIO.N  OF  MINLKALb  FOUND  IN  THE  UNITED 
STATES.   By  Prof.  J.  C.  Foyc. 

No.  87.   TRBATISB    ON    THB    THBORY    OP    THB  CON* 
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